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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 
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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.  

 



Wastewater Land Application Operators Study and Reference Manual 

22 

 
Figure 4-1. Relationship between the PO, O&M manual, various facility plans, and QAPP. 
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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.  
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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). 
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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. 
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Figure 5-6. The phosphorus cycle. 

5.3.5 Metals 

Metals are inorganic chemical elements that are present in varying amounts in most 

wastestreams. Although some metals are essential for proper human and plant nutrition, over 

time they can accumulate in soils and become toxic to plants, humans, and other animals.  

Metals of concern include cadmium, copper, lead, nickel, zinc, selenium, arsenic, mercury, and 

molybdenum. Cadmium, arsenic, chromium, and mercury are extremely toxic; nickel, 

molybdenum, and lead are moderately toxic; and copper, manganese, and zinc are relatively low 

in toxicity. 

Concentrations of metals will vary with the type of wastewater. A typical domestic wastewater 

has low concentrations of metals, but an industrial wastewater may be very high in metal 

concentration.  

The primary concern with using soil to assimilate heavy metals is that these metals are stable and 

often resist weathering and decomposition. Although plants generally resist the uptake of metals 

from the soil, their accumulation on plant leaves through irrigation may permit them to enter 

various food chains, where they become part of the life cycle of soil, plants, animals, and 

humans, accumulating in animal and human body tissue to toxic levels. This situation is 

especially critical for humans, who reside at the end of the food chain.  
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Because of the potential health effects of metals, it is necessary to properly manage land 

application sites to minimize the effects of metals on human health and the environment. The 

permit will specify monitoring for metals and the site is to be managed so that there is enough 

land to minimize accumulation. The life expectancy of the site may be based upon the 

accumulation of metals or other toxic substances. 

5.3.6 Persistent Organic Chemicals 

Although microorganisms can readily decompose most organic wastes, some organic chemicals 

are not readily biodegradable and can persist in water and soil for many years. These persistent 

organic chemicals can reach the soil in many ways. They are sometimes a component of 

pesticides (insecticides and herbicides), or they may be found in the wastestream that is being 

treated at the land application site. Persistent organic chemicals are also found where old 

underground storage tanks have leaked petroleum products into the soil.  

With a municipal or domestic waste source, persistent organic chemical concentrations are likely 

to be extremely low, or nonexistent. These chemicals may be present in higher concentrations, 

however, in an industrial waste source. Like metals, persistent organic chemicals can be toxic to 

animals and humans. 

5.3.7 pH 

pH is the measure of the concentration of the hydrogen ions (H
+
) in a solution. A pH of 7 is 

neutral, while a pH reading below 7 indicates acidic conditions and a pH reading above 7 

indicates alkaline (basic) conditions. The pH of domestic wastewater typically ranges from 6.5 

to 7.5, depending on the pH of potable water in the service system. Significant departures from 

these values may indicate industrial or other nondomestic discharges.  

In land application systems, bacteria may perform wastewater treatment in pretreatment units 

and in the soil. These bacteria prefer a neutral pH (or 7) for best performance. Any rapid increase 

or decrease in pH can cause mortality in the bacteria population, resulting in poor treatment. 

 

Note 

Acidity is the capacity of water to neutralize bases. Water does not have to be strongly acidic (low 
pH) to have a high acidity. Alkalinity is the capacity of water to neutralize acids. Water does not have 
to be strongly basic (high pH) to have a high alkalinity.  

5.3.8 Salts 

Chlorides, sulfates, potassium, calcium, sodium, and manganese are the most common soluble 

salts (ionic compounds) that are present in wastewater. Some of the salts may be removed during 

wastewater treatment. Other salts, such as ferric chloride and alum, are sometimes added to aid 

in wastewater treatment. 

Soluble salts, especially sodium (Na+), are important constituents of wastewater. When water 

containing high levels of sodium or other salts is land applied, there may be some swelling of 

clay minerals, which can reduce water movement through the soil. To reemphasize this point, 

salts reduce both infiltration (at the surface) and water movement through the soil (under the 



Wastewater Land Application Operators Study and Reference Manual 

39 

surface). This tendency occurs when the ratio of sodium to other cations (positively charged 

particles) is high. This relationship is called the sodium adsorption ratio (SAR) of a wastewater 

sample or soil extract. For recycled water with high levels of sodium or SAR, the soil conditions 

should be routinely checked for infiltration problems (especially with heavy clay soils).  

5.4 Hydraulic- and Constituent-Loading Rates 

Three factors must be considered for loading rates: hydraulic-loading rate , constituent-loading 

rate, and land-limiting constituent; these factors are discussed below. Other sources of water 

(e.g., supplemental water) may add to the overall hydraulic- and nutrient-loading rates. 

5.4.1 Hydraulic-Loading Rate  

For land application systems, the hydraulic-loading rate is the combination of all water 

(precipitation, recycled water, and any additional irrigation water) applied to a land application 

site. Example units of measurement include gallons per acre and acre-inches. (An acre-inch is 

the volume of water covering 1 acre of land to a depth of 1 inch and is equal to 27,154 gallons.) 

Reuse permits specify hydraulic-loading rate limits for the growing season and nongrowing 

season (NGS). A siteôs growing season is identified by climatic conditions, which vary 

throughout the state. Typical growing season dates are April 1 through October 31, and typical 

nongrowing season dates are November 1 through March 31.  

The growing season hydraulic-loading rate is typically specified to be substantially at the 

irrigation water requirement (IWR) of the crop (the water requirement of the crop). The 

calculation methodology for the IWR is covered in section 14. 

For those permits allowing NGS land application, the NGS hydraulic-loading rate is generally 

limited to that given by Equation 5-2. 

Maximum (NGS) 
Hydraulic Loading 
Rate 

 = 
Available Water-
Holding Capacity 
of the Soil 

+ 
Evapotranspiration 
in the NGS 

ï  
Average 
Precipitation 
in the NGS 

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

An important objective of a land application system is to assimilate and treat all applied recycled 

water, supplemental irrigation water, and expected precipitation. The primary concerns with 

hydraulic overloading at a land application site are leaching of contaminants into the ground 

water and surface runoff along with a reduction in biological activity in the soil due to saturated 

soil. Surface runoff causes soil erosion and has the potential to impact nearby surface waters. To 

prevent runoff from a land application site, hydraulic-loading rates should not exceed the soil 

infiltration rate. 

For sites that land apply during the NGS, it is particularly critical in winter months to not exceed 

the soil infiltration rate to prevent leaching of contaminants below the root zone and to prevent 

runoff from the site that may be accelerated due to freezing conditions and ice buildup. During 

the growing season, the health of the crop may be adversely affected with either excessively high 

or low hydraulic-loading rates. Hydraulic-loading rates above permit rates must be avoided to 
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prevent leaching of contaminants to the ground water and runoff. Contact the DEQ regional 

office if hydraulic loadings above permit limits are needed to avoid lagoon overtopping or other 

emergencies. 

5.4.2 Constituent-Loading Rates  

The loading rates of constituents are important operating factors at a land application site. 

Constituents that are typically evaluated include nitrogen, phosphorus, NVDS (salts), and COD. 

The loading rates for nitrogen, phosphorus, NVDS, and COD are defined as the rate at which 

these constituents are applied to the site. Loading rates for nitrogen, phosphorus, and NVDS are 

generally given in pounds per acre. The COD loading rate is generally evaluated as an average 

daily loading rate (pounds per acre per day) during the growing season and nongrowing season.  

5.4.2.1 Nitrogen  

The assimilative capacity for nitrogen (N) is an important part of a land application treatment 

system because it may be a health concern if it leaches to ground water and violates permit 

requirements. Nitrogen removal can be very efficient in a soil-crop system. Efforts must be 

made, however, to control the leaching and runoff losses of nitrogen compounds. Conditions of 

rapid water movement beyond the root zone, which can occur with excess water application to 

soils, can lead to leaching and increased nitrate levels in ground water; approaches to mitigating 

such effects include the following:  

 The basic approach to reduce leaching is to have crops that use nitrogen at the rate ¶

applied. This approach will help prevent excess nitrate accumulation and potential 

leaching problems and subsequent ground water pollution.  

 The basic approach in controlling runoff is to apply runoff control technologies including ¶

hydraulic-loading rates not exceeding the soil infiltration rate, uniform sprinkler 

application, and using runoff control structures, such as berms and ponds. 

 If nongrowing season application is allowed, the goal is to retain the nitrogen applied in ¶

the soil column and make it available for crop uptake the following growing season.  

5.4.2.2 Phosphorus 

Phosphorus (P) is a required crop nutrient. It is also a major contributor of pollution to streams, 

causing algae blooms, low DO, undesirable plant growth, and fish kills. Phosphorus can reach 

streams by runoff from land application sites or by inflow from aquifer recharge of the stream 

(ground water/surface water interconnection); mitigation strategies include the following:  

 To protect surface waters from the effects of excess phosphorus, surface runoff and deep ¶

percolation of phosphorus must be controlled.  

 Surface runoff concerns may be prevented or mitigated by applying runoff control ¶

technologies.  

 Phosphorus impacts to surface water from deep percolation and ground water ¶

interconnections may be prevented or mitigated by managing the phosphorus-loading rate 

and phosphorus accumulation in the soil. 
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5.4.2.3 Chemical Oxygen Demand  

COD is a common measure of organic matter being land applied. Most reuse permits in Idaho 

have a maximum COD loading rate of 50 lb/acre-day, averaged over the growing season. If 

nongrowing season application is allowed, the COD loading rate is normally limited to 

50 lb/acre-day or less. Soils are a good medium for the assimilation of the organic matter in 

wastewater. Excessive COD loadings, however, can limit infiltration as a result of soil clogging, 

create anaerobic conditions, and reduce the siteôs ability to treat recycled water. Clogging 

generally occurs in the top few inches of soil and reduces water infiltration rates and can lead to 

higher runoff rates. Anaerobic conditions reduce aerobic treatment processes and may cause odor 

problems.  

5.4.3 Land-Limiting Constituent 

Wastewater from most domestic and commercial sources contains low concentrations of 

nitrogen, phosphorus, COD, and other constituents, such as TDS. For these wastewater streams, 

the amount of recycled water that can be applied to a treatment site is typically limited by the 

hydraulic-loading rate (hydraulically limited), based on crop water requirements.  

With higher strength wastewaters, however, the amount of applied water may be limited by the 

amount of nitrogen, phosphorus, NVDS, or COD, for example, in the recycled waterstream. This 

land-limiting constituent then dictates the amount of recycled water that may be land applied. In 

these cases, sites typically use supplemental irrigation water to ensure the crop is receiving 

adequate moisture for crop health.  
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6 Soil Monitoring and Reporting and Management for 
Agronomic Nutrient Uptake 

 

Need-to-Know Criteria 

Soil components and profiles 

Soil physical characteristics: soil texture, organic matter content, soil depth, soil drainage or wetness, 
and topography and landscape position 

Soil chemical characteristics: sodium adsorption ratio and pH 

Soil moisture: saturation, field capacity, wilting point, plant-available water content, available water-
holding capacity, infiltration, and permeability 

Fate of water constituents 

Soil treatment of recycled water: physical, chemical, and biological treatment processes 

Agronomy: factors that influence nutrient availability, levels of nutrient availability, fate of nutrients 
applied to soils, components of a nutrient management plan, and agronomic rate 

Crop nutrient requirements: typical crop uptake 

The WWLA operator must know what soil and crop monitoring is required to appropriately 

manage the reuse site. The final treatment component of a land application system is the soil. 

Along with its associated vegetation, the soil functions as a natural treatment system. Because 

many of the constituents in recycled water are nutrients that can be used productively by plants 

and microorganisms, well-managed land application systems can benefit the soil-crop system. 

6.1 Soil Components and Profiles 

Soil characteristics important to land application include composition and profile. 

6.1.1 Soil Composition 

Soil is a porous mixture of the following components: 

 Organic material (highly decomposed plant and animal material [humus]) ¶

 Mineral material (weathered rock, sand, silt, and clay) ¶

 Water ¶

 Air ¶

A medium-textured mineral soil contains approximately one-half soil solids (mineral and organic 

material) and one-half pore space (air and water). The volume occupied by each component in a 

medium-textured soil is approximately 46%ï49% mineral matter, 20%ï30% air, 20%ï30% 

water, and 1%ï4% organic matter (Figure 6-1). The relative proportions of these components 

vary within any given soil and from soil to soil, and they are important factors to consider when 

evaluating a soil for land application purposes. 

The amount of pore space in a soil determines the volume of air or water that can occupy a given 

soil. As rainfall or water is added to and lost from a soil, the amount of pore space occupied by 

either air or water will vary. The type and amount of solids determine the physical and chemical 
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filtering capacity of the soil. This filtering capacity makes soil an excellent medium for recycled 

water treatment.  

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

6.1.2 Soil Profiles 

Soil is a three-dimensional body, resulting from the physical, chemical, and biological 

weathering of bedrock, or from the accumulation of materials weathered elsewhere and 

transported to a site. As soil develops on the landscape, distinct layers, or bands, are formed 

parallel to the earth's surface. These layers or bands are called soil horizons.  

Soil horizons are soil layers that differ from the overlying and underlying layers in some 

property, such as color, clay content, and abundance of cracks. A soil profile is a vertical slice of 

the soil showing the different horizons and their thickness (Figure 6-2).  
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Figure 6-2. A typical soil profile and horizons (modified from Brady 1990). 

Horizon designations differ from country to country. In the United States, soil horizons are 

designated by a code of letters and numbers developed by soil scientists of the National 

Cooperative Soil Survey. Master horizons are major layers designated by capital letters, such as 

O, A, E, B, C, and R. These master horizons are as follows: 

 O horizonðDominated by organic material from plants and animals. O horizons are ¶

usually present on the soil surface, except in the case of peats and mucks, where the O 

horizon extends almost to the bottom of the soil. 

 A horizonðPresent at the soil surface or just below the O horizon. These horizons may ¶

contain some organic material mixed with mineral material. Properties of an A horizon 
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may reflect plowing, pasturing, or similar activities. The A horizon is generally the zone 

of maximum biological activity in a soil. 

 E horizonðCharacterized by loss of clay, iron, and aluminum oxides from leaching; sand ¶

and silt-sized particles of resistant minerals, such as quartz, remain. The E horizon is 

generally lighter in color than the overlying A horizon.  

 B horizonðExhibits layers of accumulation of clay, iron, and aluminum oxides that have ¶

migrated from overlying E horizons. The B horizon reflects the subsurface layer of 

greatest development for that particular profile.  

 C horizonðConsist of unconsolidated, partially weathered material that is neither rock ¶

nor soil. Little to no biological activity takes place in this horizon. The upper portion may 

become part of the B horizon as weathering continues. 

 R horizonðConsists of underlying bedrock. It may not occur in coastal plain soils or ¶

other soils formed in transported material, such as floodplains. 

Soil profiles with similar characteristics or properties are classified as a soil series. A soil series 

includes soil that has developed from similar materials and processes, resulting in similar soil 

profiles. Because soil profiles vary so widely from place to place, many different soil series have 

been identified. (Approximately 17,000 soil series are found in the United States alone.) The 

characteristics of the soil series present at a proposed treatment site will determine if the site is 

suitable for the application of recycled water. 

6.2 Soil Physical Characteristics 

A number of physical soil characteristics affect water treatment at a land application site. While 

some of these characteristics can be altered, others cannot. Physical characteristics include the 

following: 

 Soil texture ¶

 Soil structure ¶

 Organic matter content ¶

 Soil depth ¶

 Soil color ¶

 Soil drainage/wetness ¶

 Topography and landscape position ¶

6.2.1 Soil Texture  

The mineral particles in a soil are divided by size into three groups: sand, silt, and clay (Figure 

6-3). Soil texture refers to the relative proportion of sand, silt, and clay in a given soil. The 

diameters and characteristics of these soil particles are described in Table 6-1. 
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Figure 6-3. Representation of the comparative sizes and shapes of sand, silt, and clay particles 
(modified from Hillel 1980).  

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

Particle Type 
Particle Size 
(millimeters) 

General Characteristics 

Sand 2.0ï0.05 Individual grains visible to the eye, gritty when 
soil is rubbed between the thumb and fingers. 

Silt 0.05ï0.002 Smooth and baby-powder feel when rubbed 
between the thumb and fingers. Not plastic or 
sticky when moist. 

Clay < 0.002 Smooth, sticky, and plastic feel when moist. 
Forms very hard clods when dry. Particles may 
remain suspended in water for extended 
periods of time. 

The United States Department of Agriculture (USDA) currently recognizes 12 distinct textures 

or textural classes, as shown in the USDA Soil Textural Triangle (Figure 6-4). The three sides of 

the triangle are broken into percentage units (0ï100%) of sand, silt, and clay. To use the triangle, 

locate the percentage of clay and project inward as shown by the arrow. Do likewise for the 

percent silt (or sand). The point at which the two projections intersect identifies the textural class 

name.  
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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. The example 
shown by the dotted arrowed lines represents a soil with 15% sand, 15% clay, and 70% silt. The 
resulting soil class is located where the three arrows meet and is inside the heavy boundary 
labeled silt loam (Brady and Weil 2008). 

Four of the textural classes are considered to be major groups: sand, silt, clay, and loam.  

Note that all of the textural classes contain some sand, silt, or clay. For example, a soil 

containing over 55% clay-sized particles is considered a clay soil regardless of the fact that it 

also contains significant proportions of silt- and sand-sized particles. The remaining eight 

textural classes are combinations of two or three of the major groups. 

A textural class can consist of one, two, or three names. Classes with two or three names, such as 

sandy loam or sandy clay loam, fall in between the major groups. The last word in the name 

always represents one of the four major groups. The first or the first and second words are 

modifiers that tell where the soil texture lies on the triangle relative to the other major groups.  

For example, a sandy loam is a loam that is sandy. It lies on the side of the loam nearest the sand 

group. Focusing on the four main groups of the textural triangle, the modifiers can be used to 

judge where the textural class of a material lies in relation to the four major groups. Answers to 
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questions such as "What contains more sand: a sandy loam or a loamy sand?" should then be 

obvious.  

Texture can be determined in a laboratory using either sieve or hydrometer analysis. Sieve 

analysis is based on physical passage of soil particles through a series of standard mesh screens, 

while hydrometer analysis is based on variations in settling time for the different soil particle 

sizes. Texture can also be determined in the field by using the feel method (Figure 6-5). 

Texture is an important soil characteristic because it strongly influences the retention of water, 

nutrients, and pollutants. Coarsely textured soils, such as sands and loamy sands, have large 

spaces (macropores) between their soil particles. Water and air pass through these macropores 

rapidly. Therefore, coarsely textured soils are usually well-aerated and well-drained. However, 

water often passes through these soils too quickly for significant treatment to occur. In addition, 

these soils may not hold sufficient water and nutrients to support a healthy vegetative cover. A 

poor vegetative cover can result in an increased potential for erosion and reduced uptake of 

water, nutrients, and pollutants.  
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Figure 6-5. Diagram for determining soil textural class by feel (modified from Thien 1979). 
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Finely textured soils, such as clays, sandy clays, and silty clays have smaller spaces (micropores) 

between soil particles. Due to cohesive and adhesive forces, micropores hold water, nutrients and 

pollutants more tightly than macropores. Therefore, water tends to move into and through finely 

textured soils more slowly. Wastewater may pond on the soil surface, causing runoff. If a sandy 

soil horizon is underlain by a clayey horizon, wastewater may move into the sandy surface 

horizon but not through the clayey subsoil. Water may perch on top of the clayey horizon and 

move laterally, emerging downslope and causing runoff.  

Therefore, when evaluating a soil for land application, the texture of all the horizons needs to be 

considered. Water movement, treatment, and plant rooting patterns are often influenced by 

several horizons. Many problems associated with land application can be predicted by 

determining soil textures throughout the profile. 

Because texture of a soil horizon is the relative proportion of sand, silt, and clay, it may be 

changed only through the addition of one of these soil separates; the addition of organic matter 

will not change the soil texture, but it may change the way the soil feels. However, modification 

of soil texture is not practical on a large scale.  

6.2.2 Soil Structure 

Along with soil texture, soil structure is one of principle factors that influences the rate of water 

movement. Soil structure refers to the arrangement of individual soil particles (sand, silt, and 

clay) into more complex aggregates or peds. These peds can be separated from each other along 

natural planes, zones, or surfaces of weakness into distinct units.  

Ped units may be granular, blocky, subangular blocky, columnar, prismatic, or platy (Figure 6-6). 

Soils that do not form structural units, such as very sandy soils, are considered structureless. 

Soils that do not naturally separate into structural units, such as very sticky clayey soils, are 

considered to have massive structure. Granular structure is often present in the A and E horizons, 

while other types of structure are generally found in the lower horizons. 
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Figure 6-6. Various structural types found in mineral soils (modified from Hillel 1980). 

Soil structure affects water movement, both into and through the soil. Because water moves 

primarily between peds, soil structure can modify the influence of soil texture on water 

movement: 

 As previously discussed, water movement in finely textured soils can be very slow, but ¶

clayey soils with well-developed blocky and subangular blocky structure can transmit 

reasonably large volumes of water between peds, although these soils are finely textured.  
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 In finely textured soils with massive structure, (the clay is so sticky that individual peds ¶

do not form); water movement can be expected to be slow and restricted. Water 

movement can also be slow in soils with some platy, prismatic, or columnar structure.  

Unlike texture, structure can be easily altered by management practices. Additions of organic 

matter can improve soil structure by acting as a binding agent for soil particles. Unfortunately, 

changes in soil structure are usually negative. If finely textured soils are traveled with heavy 

equipment, tilled, or otherwise worked when wet, soil aggregates are destroyed and macropores 

disappear, resulting in soil compaction. In this condition, water and air cannot move through the 

soil. Even after the soil dries, structure remains destroyed. It is very important to keep heavy 

equipment off of land application fields when wet to avoid compacting the soil. 

6.2.3 Organic Material Contents 

Soil organic matter (humus) is composed of decomposing plant and animals and waste materials 

produced by soil microorganisms. The organic matter content of most mineral soils is generally 

less than 4%. However, organic matter serves several important functions in soil-crop treatment 

systems: 

 Organic matter promotes soil structure formation in finer-textured soils. Good soil ¶

structure aids water movement in soil by increasing the pore space. 

 In sandy soils, organic matter helps fill larger pores and increases the soilôs ability to hold ¶

water, nutrients, and pollutants, thus increasing its treatment potential. 

 Organic matter is a food source for soil microorganisms. Microbial activity, in turn, ¶

produces waste products that promote soil structure formation. 

 Organic matter contains several plant nutrients, particularly nitrogen, phosphorus, and ¶

sulfur. As organic matter decays, these nutrients become available for use by plants and 

microorganisms.  

 Organic matter has a high negative charge, which increases a soilôs ability to retain water, ¶

nutrients, and pollutants.  

6.2.4 Soil Depth 

Soil depth refers to the thickness of the soil horizons, from the soil surface to a depth that 

restricts plant root growth or otherwise limits biological activity. The plant rooting depth or root 

limiting depth (whichever is less) is generally used to determine the hydraulic loading limits in a 

reuse permit and is also used by the operator to design and manage irrigation schedules. This 

limiting depth is often caused by a restrictive horizon in the soil. A restrictive horizon could be a 

seasonal or permanent water table, layer of gravel, weathered or unweathered bedrock, chemical 

change, or soil structural change that limits the depth of biological activity. 

Soil depth is important for the following reasons:  

 It determines the volume of soil that is available for the treatment of recycled water. ¶

 It affects the type of plants that can be grown on the site. ¶
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6.2.5 Soil Color 

Soil color is an indicator characteristic that is used to predict soil-water relationships in a soil 

profile. Soil color is an extremely useful tool when evaluating a site for suitability as a land 

treatment system.  

Soils that are well drained typically have rather bright colors due to oxidized or ferric iron (Fe
+3

). 

Ferric iron imparts a reddish/orange color to the soil. When soil drainage is impeded, and the soil 

is saturated, the ferric iron contained in the soil is chemically reduced to ferrous iron (Fe
+2

). 

Ferrous iron is soluble in water, and as the water table recedes, this soluble iron is removed, 

leaving behind soil that is gray in color.  

As the water table rises and falls, a characteristic pattern called mottling usually develops. 

Mottled soils generally contain bright orange and red areas mixed with light gray areas. These 

mottle patterns are impressed upon the original background, or matrix color, of the soil. 

The presence or absence of gray mottles or color in a soil is an indication of the wetness or 

aeration status of the soil:  

 Bright, uniform colors indicate that a soil is well drained and that a seasonal high water ¶

table is not present for a significant time during the year.  

 The presence of light grayish mottles usually indicates a high water table or poorly ¶

drained soil. The depth to gray colors can be used to define the drainage class of a soil 

and indicate the depth of the seasonal high water table. 

¶ Soils with gray mottling near the soil surface are not generally suitable for land 

application because saturated soil conditions are not conducive to land treatment, may 

move constituents to ground water, and may limit the type of plants and adversely impact 

plant health. 

Soil color is determined by using an international color standard, the Munsell system. This 

standard was developed to describe colors and to avoid confusion that can arise by describing a 

color as simply red or yellow. The Munsell system uses three components of color to describe 

coloration within a soilðhue, value, and chroma:  

 Hue is the dominant spectral color (red and yellow). ¶

 Value describes the degree or darkness or lightness. ¶

 Chroma refers to the purity or strength of the color. ¶

A moist soil sample is compared to the color chips in a Munsell color book to identify the most 

appropriate match.  

6.2.6 Soil Drainage/Wetness 

Soil drainage or wetness refers to the depth of the water table and to the period of time a 

particular part of the soil profile is saturated. A soil may be classified as well drained, 

moderately well drained, somewhat poorly drained, poorly drained, or very poorly drained.  

Poorly drained soils have a water table at or within 12 inches of the soil surface for most of the 

year. Well-drained soils have a water table depth of 60 inches or more during much of the year. 
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The drainage class of a soil can usually be determined by observing both the color patterns of the 

soil profile and the soil's relative position on the landscape. 

Poorly drained and very poorly drained soils are not generally considered suitable for land 

application for several reasons: 

 Wet soils do not provide adequate treatment capacity, and waste constituents may move ¶

directly to ground water.  

 Seasonally wet soils may limit the type of plants that can be grown on the site and can ¶

impact the quality of the vegetative cover.  

 Wet soils are subject to compaction by equipment traffic that destroys soil structure and ¶

reduces the infiltrative capacity of a site.  

The drainage class of a soil refers to water table depth, not permeability (section 6.4.3). 

Consequently, although a soil might be coarsely textured and relatively easily drained, a high 

water table due to landscape position can render the soil poorly drained. If an outlet or a drainage 

system is provided for soil water, then this poorly drained sandy soil may be modified. However, 

installing any type of drainageway or drainage system at a land application site is not 

recommended because it could be a violation of the systemôs permit conditions. 

6.2.7 Topography and Landscape Position  

Topography refers to the configuration of the land surface and is usually defined by the slope of 

the land (steepness). Landscape position refers to a specific setting on the landscape. Examples 

of landscape positions include the following:  

 Upland or ridgetop ¶

 Sideslope ¶

 Shoulder slope ¶

 Footslope ¶

 Depression ¶

 Floodplain ¶

The topography and landscape position of a site are important because they influence the types 

of soils that may be present, respective depth of those soils, and water movement characteristics 

of the site. Slope considerations also dictate how a site can be managed and whether land 

application is even possible. Land application is generally not acceptable on steep slopes. Fields 

with more slope will require more management practices to prevent soil erosion and runoff. 

Topography influences surface water removal, whereas landscape position influences ground 

water flow. Topography is an important consideration when managing a site. Your specific site 

dynamics as they relate to water flow should be understood; for example, steep slopes may 

encourage runoff and erosion, while nearly level sites may encourage ponding or seasonal high 

water tables. 

Figure 6-7 shows cross-sectional and plan views of different landscape positions. In foot slope 

and head slope positions, surface water converges with a corresponding increase in ground water 

flow. At these positions, springs or seeps of water coming out of the ground can be expected. 

Since these sites accumulate water, they are often saturated. Additional flow from wastewater 
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irrigation will compound the problems on these areas. Such areas may need reduced loading 

rates or may be excluded from land application. 

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

The landscape positions called ridge, shoulder, and nose slope are typically the best suited for 

treatment. These positions shed water in a divergent manner, so that flow is not concentrated. 

This results in better infiltration and less runoff and saturation potential. 

On a small scale, microtopography refers to minor variations across a landscape. A localized 

circumstance, such as a rock outcropping or wet depressional area may require additional buffer 

zones, but often such circumstances may not be extensive enough to rule out the usefulness of an 

entire site. Detailed site evaluations should define the topography and discuss any limitations of 

the site that are a function of topography. 

6.3 Soil Chemical Characteristics 

Soil chemical characteristics that affect recycled water treatment at a land application site 

include the following: 

 Texture and organic matter content ¶

 Cation exchange capacity (CEC)  ¶

 SAR ¶

 pH ¶
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6.3.1 Texture and Organic Matter Content 

Two of the physical soil characteristics discussed earlier, texture and organic matter content, also 

have important chemical properties. Clay-sized mineral particles and organic matter particles are 

both extremely small. Because of their small size, these particles expose a large external surface 

per unit mass. Put another way, their surface area to volume ratio is very large. The external 

surface area of 1 gram of clay is at least 1,000 times that of 1 gram of coarse sand. Therefore, 

these mineral and organic particles, called colloids, account for essentially all of the chemical 

reactivity of soils.  

Mineral colloids (clay-sized particles) are crystalline in nature and consist primarily of 

aluminosilicate clays and oxides and hydroxides of aluminum and iron. Organic colloids 

(humus), composed of highly decomposed residues of plant and animal remains, contain carbon, 

hydrogen, and oxygen, along with minor amounts of nitrogen, phosphorus, sulfur, and other 

elements. 

Mineral and organic colloids carry both positive and negative electrical charges. The charge and 

surface area of organic colloids greatly exceed that of mineral colloids. Organic colloids often 

contribute 30% to 90% of the total charge present in surface soils, even when present in 

relatively low amounts. The charged surfaces of all colloids are extremely important because of 

their ability to attract and repel both nutrients and waste constituents. 

Variations in the types of clays (clay mineralogy) may also be a factor in the soil's ability to treat 

wastewater. Different types of clays have different structures that determine how the clay 

particles will absorb water and minerals. Expansive clays (also called shrink/swell clays or 2:1 

clays), have a large internal surface area, resulting in a higher net negative charge than other 

types of clay particles. Therefore, these clays may hold a higher volume of constituents. 

However, they are subject to more wetness and site workability problems and generally are less 

suitable for treatment. 

6.3.2 Cation Exchange Capacity 

Ions are atoms or groups of atoms that are electrically charged as a result of the loss or gain of 

electrons. Cations are ions that have lost electrons and are therefore positively charged. Anions 

are ions that have gained electrons and are therefore negatively charged.  

Soil colloids act like magnets, attracting and retaining anions and cations against the downward 

movement of water through the soil profile. The chemical attraction of cations and anions to soil 

colloid surfaces is called adsorption (not to be confused with absorptionðthe process by which 

ions are taken into plant roots).  

For example, soil colloids that have a net negative charge, generally attract significantly more 

cations than anions (Figure 6-8). As a result, these soil colloids are generally surrounded by a 

swarm of adsorbed cations. The capacity of a soil to retain cations such as ammonium (NH4
+
), 

potassium (K
+
), calcium (Ca

2+
), magnesium (Mg

2+
), zinc (Zn

2+
), and copper (Cu

2+
) increases 

with increasing negative charge of the soil colloids. 
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Figure 6-8. Mineral and organic colloids with adsorbed ions (modified from Brady 1990). 

These adsorbed cations are also called exchangeable cations because they are subject to 

exchange with cations that are present in the soil solution (water moving through the soil). For 

example, a calcium ion (Ca
2+

) adsorbed to a soil colloid can be replaced by two hydrogen ions 

(H
+
) that are present in the soil solution. The cations forced into the soil solution by this 

exchange can then be used as nutrients by plants and microorganisms. If not assimilated by 

plants or microorganisms, these cations can leach or percolate downward to ground water.  

The sum total of the exchangeable cations that a soil can adsorb is the CEC of that soil. CEC is 

expressed in units of milliequivalents per 100 grams of soil (meq/100 g) or in SI units, centimols 

per kilogram (cmol/kg), both expressions are equivalent. The CEC of a soil is related to its 

texture, clay mineralogy, organic matter content, and pH. Sandy soils have lower CECs than clay 

soils because sandy soils contain fewer colloidal particles than clay soils. As mentioned earlier, 

different types of clays have different structures and are able to adsorb different amounts of ions, 

thus affecting their CEC values. Soils with higher organic matter contents generally have higher 

CECs. The effect of pH on CEC values is discussed in section 6.3.4. 

Soils with high CECs are able to adsorb more cations. They are better able to buffer or avoid 

rapid changes in levels of these cations or nutrients in the soil solution by replacing them as the 

soil solution becomes depleted of cations. Therefore, CEC values greatly influence the inherent 

fertility and long-term productivity of a soil. These values should be integrated with other site-

related features to determine overall site suitability and application rates for land application 

sites. Figure 6-9 shows ranges of CEC values for different soils and soil materials. 
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Figure 6-9. Ranges in cation exchange capacities (at pH 7) that are typical of a variety of soils and 
soil materials. The high CEC of humus shows why this colloid plays such a prominent role in 
most soils (diagram courtesy of R. Weil) (Brady and Weil 2008). 



Wastewater Land Application Operators Study and Reference Manual 

60 

6.3.3 Sodium Adsorption Ratio 

SAR serves as an index of the potential sodium influence in the soil. SAR values above 13 

classify soils as sodic or alkali, have sodium as the dominant cation, and may possibly 

experience infiltration problems due to deflocculation (breakdown of peds) of soil colloids and 

decreases soil infiltration. Certain textures of soils can become affected at values lower than 13.  

6.3.4 pH  

As discussed in section 5.3.7, pH is the measure of the concentration of the hydrogen ions in a 

solution, and it indicates whether a soil is acidic (pH less than 7), alkaline (pH greater than 7, or 

neutral (pH equal to 7). pH is a critical soil property because it influences many of the chemical 

and biological reactions that take place in the soil. Figure 6-10 shows the range of various soil 

types compared to familiar substances. Idaho soils cover a wide range of soils. Northern Idaho 

soils and some central and northeastern Idaho soils can be represented with forest soils or humid 

regions arable soils shown in Figure 6-10. Southern Idaho, on the other hand, can be represented 

mainly by calcareous soils. Soil pH is not a constant, and for proper crop health, it may be 

necessary in northern Idaho to raise the pH and in southern Idaho to lower the pH. This may be 

done by using soil amendments such as lime (calcium carbonate) for raising pH and elemental 

sulfur for lowering pH. Additional discussion on pH is given in the agronomy section of this 

manual (section 6.7), which better discusses soil amendments, when to apply them, and typical 

application rates. 

 
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). 

The CEC of a soil is directly influenced by its pH. Mineral soils with a pH near 6 are generally 

the most efficient providers of plant nutrients, and crop health and yield are affected by pH. 

When the pH is below 6.0, the charge on a mineral colloid is relatively constant. However, a 
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portion of the charge is pH dependent and increases when the pH is 6.0 or higher. The charge on 

organic colloids is almost completely pH dependent. Therefore, the CEC of most soils increases 

with an increase in pH. 

Soil pH also influences the solubility of heavy metals and other nutrient cations and affects the 

ability of plants to uptake these metals and nutrients. Soils that are very acid (pH of less than 5.5) 

are more likely to release metals; plant uptake of these metals is prevented, and the potential for 

metals to move into the ground water is increased. Soil pH is also important for maximizing crop 

use of other available nutrients.  

The bacteria that perform treatment in the soil are also strongly affected by soil pH. These 

bacteria prefer a pH of neutral (or 7) for best performance. Any rapid increase or decrease in pH 

can cause mortality in the bacteria population, resulting in poor water treatment. 

Soil pH must be determined by laboratory analysis, although tools used to estimate pH in the 

field can be useful for general guidance.  

6.4 Soil Moisture 

Both the physical and chemical properties of a soil can change as moisture conditions change. To 

properly operate and maintain a land application system, an understanding of soil-water 

relationships is essential. Become familiar with the following soil moisture terms: 

 Plant-available water (PAW)  ¶

 Infiltration ¶

 Permeability ¶

6.4.1 Plant-Available Water Content  

Remember that a soil consists of soil particles and pore space. Pore space is filled with water, air 

(actually gases such as oxygen, carbon dioxide, and nitrogen), or both.  

When all of the pore space is filled with gases, the soil is said to be oven dry. An oven dry soil is 

defined as a soil that has been dried at 105 °C until it reaches constant weight. An oven dry soil 

contains no water.  

At the other extreme is saturation; a saturated soil has all of its pore space filled with water. At 

this point, the soil has reached its maximum retentive capacity (Figure 6-11). 

Following rain or irrigation, a portion of the water held in the pores will drain from the soil due 

to gravity (gravitational water). After 1 to 2 days, the gravitational drainage will become 

negligible. At this time, the soil is said to be at field capacity. All of the water has been drained 

from the macropores and has been replaced by gases. The remaining water is found in the 

micropores. The micropores are small enough that the adhesive and cohesive forces holding the 

water to the pore wall are stronger than the gravitational force trying to drain the soil. Water held 

in the micropores at this point is available for use by plants. 
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Figure 6-11. Volumes of water and air associated with 100 grams of a silt loam soil at different 
moisture levels. The top bar shows the situation when a soil is completely saturated with 
moisture. This situation will usually occur for short periods of time during rain or irrigation. Water 
will soon drain out of the larger pores. The soil is then said to be at field capacity. Plants will 
remove moisture from the soil quite rapidly until they begin to wilt. When permanent wilting of the 
plants occurs, the soil moisture is said to be at the wilting point. Considerable moisture is in the 
soil, but it is held too tightly to permit its absorption by plant roots (modified from Brady and Weil 
2008). 
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As plants absorb water from the soil, they lose most of it through evaporation at leaf surfaces. 

Simultaneously water is evaporated from the soil. As the soil dries, the amount of water available 

to plants decreases. The initial response of plants is wilting. At the first onset of wilting, most 

plants recover during times of reduced evaporation (i.e., at night). As the soil continues to dry, 

the plants reach a point at which they cannot recover during periods of reduced evaporation. The 

plants are now in a permanently wilted condition and will die if water is not provided. This point 

is termed the permanent wilting point. The soil is not completely dry at this point, but the 

remaining water is held so closely by soil particles that it is not available for use by plants. 

PAW content is the maximum amount of water a soil can make available to plants. It is defined 

as the difference between the water content at field capacity and the water content at the 

permanent wilting point. PAW is equal to the available water-holding capacity (AWC) of the 

soil, at a given root zone depth, expressed in inches of water per inch of soil, multiplied by the 

actual root zone depth, expressed in inches. Estimated AWC values can be found in the Natural 

Resources Conservation Service (NRCS) soils interpretation sheets or county soil surveys. PAW 

is different from AWC in that it is only the water content that exists in the root zone at a given 

time during plant growth, whereas, AWC is the total water content in the soil profile.  

6.4.2 Infiltration 

Infiltration is the movement of water into the soil. Infiltration rate is the maximum rate at which 

water enters the soil and is expressed in inches per hour. Infiltration rate is a function of the 

following: 

 Soil texture ¶

 Soil structure ¶

 Soil moisture ¶

 Vegetative cover ¶

 Topography and landscape position ¶

The effects of texture and structure on water movement have already been discussed. The more 

moisture a soil contains, the lower its infiltration rate. Infiltration rates decrease with the duration 

of rain or irrigation and increasing soil moisture. When the soil is completely saturated, the 

infiltration rate will be quite low.  

A vegetative cover protects soil structure and increases infiltration rates. Without a cover, water 

falling on or flowing over the soil destroys the soilôs structure, resulting in an impervious surface 

crust. Level or gently sloping soils will have a higher infiltration rate than steeply sloping soils, 

which promote runoff. 

Therefore, a dry sandy soil on a level slope with a good vegetative cover would be expected to 

have a high infiltration capacity, whereas a wet finely textured surface soil on a sparsely covered 

steep slope would be expected to have a low infiltration capacity and to promote runoff.  

6.4.3 Permeability 

Permeability refers to the movement of water through soil. Permeability is expressed in inches 

per hour. Soil texture and structure are the factors that most strongly influence permeability. 
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Generally, finely textured soils have slower permeabilities than coarsely textured soils. 

Permeability may also be called hydraulic conductivity.  

Devices to measure permeability are available for field or laboratory use. Values for various soil 

permeabilities can also be found in NRCS interpretation sheets or county soil surveys. 

6.5 Soil Treatment of Recycled Water  

With a basic understanding of soil physical and chemical properties and soil-water relations, the 

mechanisms by which the soil and its associated vegetation function as a treatment system can be 

understood. The soil-crop system treats or renovates all sources of water and their constituents in 

the following ways (Figure 6-12): 

 Physically ¶

 Chemically ¶

 Biologically ¶

 
Figure 6-12. Soil treatment of recycled water. 

6.5.1 Physical Treatment 

The soil-crop system acts as a physical filter trapping particles in the soil pore spaces. Larger 

particles contained in water are screened or filtered out while smaller particles are allowed to 
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pass through. As the soil collects more particles, the ability to screen smaller particles improves 

because the space between soil particles decreases. Any solid materials remaining after 

pretreatment are filtered from the recycled water during this process. These materials remain 

close to the soil surface where other treatment processes can occur. 

Appropriate soil texture and structure are essential for optimum physical treatment. Obviously, a 

coarsely textured soil does not provide as good a filter as a finely textured soil because the pores 

are too large to trap constituents. On the other hand, a finely textured soil needs sufficient 

structural development to allow water to move downward through the profile at a moderate rate 

and to allow clayey subsoil layers the opportunity to trap or bind the constituents in the water. 

6.5.2 Chemical Treatment  

The soil-crop system also acts as a chemical filter. The following chemical processes can alter 

nutrients and constituents, such as inorganic chemicals, persistent organic compounds, and 

pathogens:  

 Ion exchangeðThe transfer of ions between the soil solution and soil colloids. This ¶

exchange allows ions to move back and forth between the soil solution and soil colloids, 

becoming available for uptake by plants and microorganisms as needed. 

 AdsorptionðThe bonding of ions to the surface of soil colloids by weak chemical ¶

reactions. Ions are held by the soil until taken up by plants or microorganisms. Viruses 

can also be adsorbed onto soil particles. 

 PrecipitationðA reaction in which an insoluble solid is formed from two or more soluble ¶

ions or compounds. For example, alum is often added to wastewater to remove phosphate 

by precipitation. 

 ChelationðA process by which metallic ions are firmly bound by organic molecules; ¶

also called complexation. Organic molecules retain heavy metals as if held by a claw (the 

word chelate comes from the Greek word for claw). Although plants normally do take up 

the organic chelating agents, these agents apparently hold the metallic ions near plant 

roots until absorption of the ions can take place. While they are bound or complexed with 

the organic chelating agents, metallic ions are prevented from interacting with other 

compounds in the soil that could make them unavailable to plants. 

 VolatilizationðThe chemical transformation of a substance into a gas that can evaporate ¶

or escape to the atmosphere. For example, under certain conditions, the ammonium form 

of nitrogen (NH4
+
) volatilizes to ammonia gas (NH3), which can be released to the 

atmosphere. 

A soil's ability to treat chemically depends on soil texture and structure, pH, soil temperature, 

organic matter content, and presence of clay or hydrous oxides. Finely textured soils with a pH 

greater than 6.5 provide the most effective chemical treatment. 

6.5.3 Biological Treatment  

The soil-plant system contains numerous living organisms, such as fungi and bacteria, that 

decompose or alter material placed on or in the soil. It is estimated that there may be as many as 

8,000 pounds of microorganisms per acre in the first 6 inches of soil. Microorganisms alter or 

destroy water constituents through the following biological processes: 
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 MineralizationðThe conversion of an element from an organic form to an inorganic ¶

form by microbial decomposition. For example, microorganisms attack organic nitrogen 

in the soil (present as proteins or amino acids). These microorganisms break down the 

complex organic compounds, releasing nitrogen in its inorganic forms (NH4
+
 and NO3

-
), 

also known as nitrification. It is the inorganic forms of most nutrients that are available 

for uptake by plants and microorganisms. 

 ImmobilizationðThe reverse of mineralization. Immobilization is the incorporation of an ¶

inorganic element into an organic form (plant or microbial tissue). Using nitrogen as an 

example again, inorganic forms of nitrogen (NH4
+ 
or NO3

-
) are consumed by 

microorganisms and converted into organic tissue. The nitrogen is now bound up in the 

bodies of the microorganisms and is no longer readily available to other microorganisms 

or plants. 

 ConsumptionðThe use of organic matter present in waste as an energy source by ¶

microorganisms. Microorganisms feed and grow on constituents, resulting in the 

decomposition of these constituents. As the organisms grow and reproduce, more and 

more constituents are removed. 

 EliminationðThe process by which microorganisms destroy or alter pathogens or ¶

chemical compounds. 

 DenitrificationðThe biological transformation of the nitrate and nitrite forms of nitrogen ¶

to gaseous nitrogen, which can escape to the atmosphere. 

The soils ability to biologically treat depends on soil temperature, microorganism populations, 

chemical ratios (such as the C:N ratio), and the amount of organic matter present in the soil. 

6.6 Fate of Water Constituents 

Different water constituents are subject to different fates once they enter the soil-crop system. 

Nitrogen can be 

 Mineralized ¶

 Taken up by crops  ¶

 Immobilized ¶

 Adsorbed onto soil colloids ¶

 Lost as a gas to the atmosphere through volatilization or denitrification ¶

 Leached to ground water, if not properly managed ¶

Phosphorus can be 

 Mineralized ¶

 Taken up by crops  ¶

 Immobilized ¶

 Adsorbed onto soil colloids ¶

 Precipitated ¶

 Leached to ground water, if not properly managed ¶
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Metals can be 

 Mineralized ¶

 Taken up by crops  ¶

 Complexed by chelates ¶

 Adsorbed onto soil colloids ¶

 Precipitated ¶

 Leached to ground water, if not properly managed ¶

Pathogens can be 

 Consumed or eliminated by soil microorganisms ¶

 Adsorbed onto soil colloids ¶

 Complexed by chelates ¶

 Killed by unfavorable environmental conditions ¶

 Destroyed by exposure to ultraviolet light ¶

 Leached to ground water, if not properly managed ¶

Persistent organic chemicals can be 

 Consumed or eliminated by soil microorganisms ¶

 Absorbed by plants ¶

 Chemically decomposed ¶

 Adsorbed onto soil colloids ¶

 Volatilized ¶

 Broken down by ultraviolet light ¶

 Leached to ground water ¶

6.7 Agronomy  

Plants are an integral part of the natural treatment system. It is important, therefore, that WWLA 

operators have a basic understanding of agronomy. Agronomy is the study of the various 

physical and biological factors related to crop production. While crop production is not the 

primary concern of a land application system, a healthy vegetative cover is essential for the 

natural treatment system to function properly. Important functions that plants perform include 

the following: 

 Nutrient uptake  ¶

 Water consumption  ¶

 Enhance evapotranspiration ¶

 Stabilize soil and prevent erosion ¶

 Provide food and habitat for soil organisms that break down and use water constituents ¶

6.7.1 Essential Nutrients 

Although many factors affect the growth of plants, the WWLA operator has a great deal of 

control over the supply of essential nutrients. Plants require at least 16 elements for normal 

growth and for completion of their life cycle. Carbon, hydrogen, and oxygen are the elements 

used in the largest amounts; these nonmineral elements are supplied by air and water. Plants 
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must obtain the other 13 elements from the soil or from amendments added to the soil (fertilizers 

or recycled water). 

6.7.1.1 Macronutrients 

Plants need relatively large amounts of nitrogen, phosphorus, and potassium. These nutrients are 

the ones most frequently supplied to plants by fertilizers. Calcium, magnesium, and sulfur are 

required in somewhat smaller amounts. These six elements, along with carbon, hydrogen, and 

oxygen, are considered macronutrients. 

6.7.1.2 Micronutrients 

In contrast to these macronutrients, the micronutrients consist of eight essential elements: boron, 

copper, chlorine, iron, manganese, molybdenum, nickel, and zinc. These elements occur in very 

small amounts in both soils and plants, but their role is equally as important as the 

macronutrients. A deficiency of one or more of the micronutrients can result in severe reductions 

in growth, yield, and crop quality.  

Some soils do not contain sufficient amounts of these nutrients to meet the plant's requirements 

for rapid growth and good production. In such cases, supplemental micronutrient applications in 

the form of commercial fertilizers or foliar sprays must be made. Table 6-2 lists the 16 essential 

macronutrients and micronutrients required for plant growth. 

6.7.1.3 Heavy Metals 

While the use of the term micronutrient has been common in agricultural circles for some time, 

the use of the term heavy metal is becoming more common because of environmental concerns. 

Heavy metals are a group of elements that are associated with industrial and municipal 

wastewater residuals. At certain levels or concentrations, these elements pose toxicity problems 

to plants and animals. Included in this group are eight metals: cadmium, chromium, copper, lead, 

mercury, molybdenum, nickel, and zinc.  

In addition to these metals, two nonmetals, arsenic and selenium, are also included in EPAôs 

pollutant concentration list. These two elements are often inaccurately included or referred to as 

heavy metals.  

Heavy metals contain three micronutrients: copper, molybdenum, and zinc, all of which are 

required for plant growth. It may seem like a contradiction for an element to be an essential 

nutrient on the one hand, and a toxic or a pollutant on the other, but although low concentrations 

of these elements are required for growth, at higher levels they can become toxic. It is important 

for WWLA operators to understand this difference to prevent too much of a good thing from 

becoming a problem. 
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Table 6-2. Essential macronutrients and micronutrients. 

Nutrients 
Chemical 
Symbol 

Type Source 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 

Sulfur 

Iron 

Manganese 

Boron 

Molybdenum 

Copper 

Zinc 

Chlorine 

C 

H 

O 

N 

P 

K 

Ca 

Mg 

S 

Fe 

Mn 

B 

Mo 

Cu 

Zn 

Cl 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Macronutrient 

Micronutrient 

Micronutrient 

Micronutrient 

Micronutrient 

Micronutrient 

Micronutrient 

Micronutrient 

Air and water 

Air and water 

Air and water 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

Soil and amendments 

6.7.2 Nutrient Availability and Nutrient Management 

All essential nutrients must be available continuously, and in balanced proportions, to support 

photosynthesis and other metabolic processes of plants. If any one of these essential elements is 

missing, plant productivity will be limited, or the plant may cease to grow entirely. The principle 

of limiting factors, which states that the level of production can be no greater than that allowed 

by the most limiting of the essential plant growth factors, applies in both cropping systems and in 

natural ecosystems. 

Although the soil contains large amounts of nutrients, only a very small percentage of these 

amounts exist in chemical forms that are available to plants. Nutrients can exist in several forms 

in the soil. When they occur in organic form or as part of an insoluble compound, nutrients are 

not available to plants (Figure 6-13).  
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Figure 6-13. Illustration of relationship among soil components that provide nutrient cations for 
plants. (a) Soil solution nutrients, readily available to plant roots. (b) Adsorbed cations 
exchangeable with those in soil solution, moderately available. (c) Cations in structural framework 
of clays and organic colloids can move in time to the adsorbed state, slowly available. (d) Cations 
in rigid structural framework of minerals and organic tissue released only on weathering or 
decomposition, at best very slowly available. Most nutrient cations are in component (d). The least 
are in component (a) (modified from Brady 1990). 

Generally, plants can only absorb nutrients when they are in the form of an ion (section 6.3.2 for 

the definition of ion). For example, soil nitrogen occurs in organic and inorganic forms, in 

solution and as a gas, and as the cation ammonium (NH4
+
) and the anion nitrate (NO3

-
). Plant 

roots absorb only ammonium and nitrate forms of nitrogen.  

Plant-available forms of potassium, calcium, magnesium, manganese, zinc, iron, and copper 

occur as cations. Potassium and ammonium both have a single positive charge, while the 

remaining cations have two or more positive charges. In general, these positively charged 

nutrients are adsorbed onto soil colloids and are not subject to leaching under normal conditions. 

The higher the charge of a cation, the more strongly it is attracted to the negative charge sites of 
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the soil. However, when the sum of the positively charged nutrients exceeds the soil's capacity to 

hold nutrients, these nutrients may be lost through leaching. 

One form of plant-available nitrogen is nitrate (NO3
-
). The plant-available form of chlorine is the 

anion chloride (Cl
-
). Both of these anions are repelled by the negative charges of soil colloids. 

Therefore, they are readily leached when water passes through the soil. The plant-available 

forms of sulfur (sulfate [SO4
2-
]) and molybdenum (molybdate [MoO4

2-
]) have two negative 

charges and are also repelled by negatively charged soil colloids. However, these anions may 

react weakly with positively charged sites, such as occur on iron oxides. Al though these elements 

are not strongly bound to soil colloids under normal conditions, they do not leach as readily as 

nitrate and chloride and are frequently observed to increase in subsoil horizons having higher 

clay content and lower pH. 

Plant-available phosphorus occurs as an anion with either one or two negative charges, 

depending on soil pH. Although other anions normally leach readily, phosphorus does not. 

Phosphorus reacts very strongly with iron, aluminum, and calcium in soil solution, with soil 

solids such as iron oxides, iron and aluminum hydroxides, and with lime. The strength of these 

reactions limits the movement of phosphorus.  

Boron occurs as a leachable, uncharged molecule (boric acid, H3BO3), which reacts very weakly 

with soil clays. 

The availability of nutrients is influenced by the following factors: 

 pH ¶

 Soil texture ¶

 The form of nutrient present in the water ¶

 The amount of nutrient present in the soil and soil-water solution ¶

6.7.2.1 pH 

Crop nutrient availability is strongly tied to the pH of the soil solution. Decreasing soil pH 

directly increases the solubility of manganese, zinc, copper, and iron, thereby increasing the 

availability of these nutrients. At pH values less than 5.5, toxic levels of manganese, zinc, or 

aluminum (a non-nutrient element common in soils) may be released. On the other hand, the 

availability of nitrogen, potassium, calcium, magnesium, and sulfur tends to decrease with 

decreasing pH. 

Phosphorus and boron availability decreases at both very low and very high pH, with maximum 

availability in the range of pH 5.5 to 7.0. Outside of this pH range, phosphorus and boron tend to 

form insoluble compounds with other elements, such as aluminum, iron, manganese, and 

calcium. These reactions bind phosphorus much more strongly than boron, with the result that 

available boron can be readily leached from soils.  

Soil pH can sometimes be altered with amendments. As mentioned previously, two widely used 

soil amendments are lime used to raise the pH and elemental sulfur used to lower the pH.  

Increasing soil pH, however, is sometimes not the primary reason for liming. As discussed, 

aluminum and manganese are toxic to plants at relatively low concentrations in the soil solution. 
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Low pH may be an indicator that aluminum and manganese toxicity is taking place. Liming 

decreases the solubility of aluminum, manganese, and iron (as well as zinc and copper), causing 

them to precipitate as relatively insoluble silicate clays, oxides, and hydroxides. Gypsum is 

another soil amendment that can be used to reduce aluminum toxicity without raising the pH.  

Figure 6-14 shows the relationship between pH and nutrient availability. Typically if adequate 

phosphorus is provided to the crop system (pH between 5.5 and 7) all other essential nutrients 

will adequately be provided as seen in Figure 6-14. 

If soil pH needs to be raised or lowered, the timing and application rate of soil amendments are 

critical for healthy crops and a bountiful harvest. The soil class, soil starting pH, soil buffering 

ability, soil temperature, and soil moisture content have an effect on how much soil amendment 

is needed and how fast or to what degree the pH will change. Elemental sulfur is especially 

dependent on temperature and moisture content. Typically sulfur should be applied in spring 

with soil temperatures above 75ºF and 4ï6 weeks should be allowed before the desired pH 

change is realized. Sulfur should also be well mixed with the soil so that the soil microorganisms 

can oxidize the sulfur and produce sulfuric acid to acidify the soil. As an example, it is 

recommended that for each unit drop in pH desired, a well buffered soil (e.g., a silty clay loam 

with 4% organic matter) will require about 0.5 tons/acre of elemental sulfur (Brady and Weil 

2008). Lime can be used as a soil amendment to raise soil pH in acidic soils. These soils are 

typically not found in southern Idaho but may be found in northern Idaho. The University of 

Idaho fertilizer guide for alfalfa grown in northern Idaho makes the following recommendation 

for liming in acidic soils: ñIf soil pH is between 5.5 and 5.8 apply 1 ton of lime per acre and 

thoroughly incorporate into the soil prior to seeding alfalfa. If the soil pH is less than 5.4, apply 

2 tons of lime per acre and incorporate it into the soil prior to seeding alfalfa.ò For additional 

information on lime and liming materials, see University of Idaho CIS 787, Liming Materials 

(Mahler 2005). 
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Figure 6-14. Relationships existing in mineral soils between pH and the availability of plant 
nutrients. The relationship with activity of certain microorganisms is also indicated. The width of 
the bands indicates the relative microbial activity or nutrient availability. The jagged lines between 
the P band and the bands for CA, Al, and Fe represent the effect of these metals in restraining the 
availability of P. When the corrections are considered as a whole, a pH range of about 5.5 to 
perhaps 7.0 seems to be best to promote the availability of plant nutrients. In short, if the soil pH 
is suitably adjusted for phosphorus, the other plant nutrients, if present in adequate amounts, will 
be satisfactorily available in most cases (Brady and Weil 2008). 
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Depending on the source, lime also supplies significant amounts of calcium and magnesium. 

Indirect effects of liming include increased availability of phosphorus, molybdenum, and boron, 

the creation of more favorable conditions for microbiological processes such as nitrogen fixation 

and nitrification, and, in some cases, improved soil structure. By increasing soil pH, liming also 

improves the effectiveness of several herbicides. 

Since lime applications decrease availability of zinc, iron, manganese, and copper, excessive 

lime applications can cause deficiencies of these elements. Heavy applications of lime have also 

caused decreased uptake of boron in some cases. 

6.7.2.2 Soil Texture 

Not all soils are susceptible to the same nutrient deficiencies. Differences in soil texture will 

affect a soil's capacity to retain nutrients. Nutrients are more apt to leach through a coarsely 

textured sandy soil than through a finely textured clayey soil. For example, coarsely textured 

soils low in organic matter are susceptible to sulfur deficiencies, while sulfur is usually in 

adequate supply in clayey soils or soils high in organic matter. Table 6-3 shows some soil 

conditions that can lead to nutrient deficiencies. 

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

Nutrient Soil Factors Resulting in Deficiency 

Nitrogen and 
potassium 

Excessive leaching on coarse-textured, low organic matter soils 

Potassium 

Acid, low organic matter soils 

Cold, wet soils such as occur during early spring 

Newly cleared soils 

Sulfur 
Excessive leaching on coarse-textured, low organic matter soils in areas where air 
pollution is low (minimal levels of SO4) 

Calcium and 
magnesium 

Excessive leaching on coarse-textured, low organic matter soils 

Soils where large amounts of potassium have been applied 

Iron 
Poorly drained soils 

Low organic matter soils, high pH soils (pH > 7.0) 

Zinc 

Cold, wet soils low in organic matter and highly leached. 

High pH soils (pH > 7.0) 

Soils high in phosphorus 

Copper 
Peat and muck soils 

High pH, sandy soils 

Boron 
Excessive leaching on coarse-textured, low organic matter soils 

Soils with pH > 7.0 

Manganese 
Excessive leaching on coarse-textured, low organic matter soils 

Soils with pH > 6.5 

Molybdenum 
Soils high in iron oxides (high adsorption of molybdenum). 

Soils cropped for a long time 
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Note 

Soil testing should be done to determine which nutrients are needed and how much of each should 
be applied. Excessive applications of the following nutrients may lead to toxicity: boron, copper, iron, 
manganese, and zinc. 

6.7.2.3 Nutrients in Water 

Another factor that influences the plant availability of nutrients is the form in which a nutrient is 

present in the water applied to soil. Some nutrients in water are largely present as organic 

compounds that must be broken down by soil microorganisms before plants can use the 

nutrients. Other nutrients are present in a water-soluble form that is immediately available for 

plant uptake.  

6.7.2.4 Levels of Nutrient Availability  

The following are three levels of nutrient availability (Figure 6-15): 

1. DeficientðMarked decreases in relative plant growth (yield) occur with limited 

amounts, or availability, of the nutrient (i.e., supply of the nutrient is inadequate and is 

limiting plant growth). An addition of the nutrient will increase yield. 

2. SufficientðThe maximum/optimal yield has been reached, and the nutrient is not 

limiting crop yield, so increasing the supply or availability of the nutrient has no effect 

on yield. 

3. ToxicðFurther additions or availability of a nutrient beyond the sufficient range 

causes marked decreases in yield and, eventually, no growth. 

 
Figure 6-15. Relationship between plant growth and concentration in the soil solution of elements 
that are essential to plants. Nutrients must be released (or added) to the soil solution in just the 
right amounts if normal plant growth is to occur (modified from Brady 1990).  

Symptoms of nutrient deficiency usually appear on the plant when one or more nutrients are in 

short supply. In many cases, a deficiency may occur because a nutrient is not in a plant-available 

form. Symptoms of nutrient deficiency for specific elements are listed in Table 6-4. 
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Table 6-4. Key to nutrient disorders. 

Nutrient Symptoms of Nutrient Deficiency 

Nitrogen General chlorosis (yellowing). Chlorosis progresses from light green to yellow. 
Entire plant becomes yellow under prolonged stress. Growth is immediately 
restricted and plants soon become spindly and drop older leaves. 

Phosphorus Leaves appear dull, dark green, blue green, or red-purple, especially on the 
underside, and especially at the midrib and vein. Petioles (the stalk that attaches 
the leaf to the stem) may also exhibit purpling. Restriction in growth may be 
noticed. 

Potassium Leaf margins tanned, scorched, or have necrotic (dead) spots (may be small 
black spots, which later coalesce). Margins become brown and cup downward. 
Growth is restricted and death (die back) may occur. Mild symptoms appear first 
on recently matured leaves, then become pronounced on older leaves, and 
finally, on younger leaves. Symptoms may be more common late in the growing 
season due to translocation of potassium to developing storage organs. 

Calcium Growing points usually damaged or dead (die back). Margins of leaves 
developing from the growing point are first to turn brown. 

Magnesium Marginal chlorosis or chlorotic blotches, which later merge. Leaves show yellow 
chlorotic interveinal tissue on some species, reddish purple progressing to 
necrosis on others. Younger leaves affected with continued stress. Chlorotic 
areas may become necrotic, brittle, and curl upward. Symptoms usually occur 
late in the growing season. 

Sulfur Leaves uniformly light green, followed by yellowing and poor, spindly growth. 
Uniform chlorosis does not occur. 

Copper Leaves wilt, become chlorotic, then necrotic. Wilting and necrosis are not 
dominant symptoms. 

Iron Distinct yellow or white areas appear between veins, and veins eventually 
become chlorotic. Symptoms are rare on mature leaves.  

Manganese Chlorosis is less marked near veins. Some mottling occurs in interveinal areas. 
Chlorotic areas eventually become brown, transparent, or necrotic. Symptoms 
may appear later on older leaves. 

Zinc Leaves may be abnormally small and necrotic. Internodes are shortened. 

Boron Young, expanding leaves may be necrotic or distorted followed by death of 
growing points. Internodes may be short, especially at shoot terminals. Stems 
may be rough, cracked, or split along the vascular bundles. 

6.7.2.5 Nutrient Management  

When plant nutrients are applied to soils as recycled water, animal manure, or commercial 

fertilizers, five things can happen to these nutrients: 

1. Plants grown on the site can use the nutrient. 

2. The nutrient can stay in the soil. 

3. Some nutrients can be lost, as water washes them down through the soil profile in a 

process called leaching. 

4. If fertilizers or wastes are left on the soil surface, runoff water may carry nutrients 

away in solution or as part of eroded sediments. 

5. Some nutrients can be lost as a gas to the air (through volatilization or denitrification). 
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To maximize nutrient use, the WWLA operator should develop a nutrient management plan. 

Developing such a plan requires information on the amount of nutrients that can be applied to 

meet the agronomic need of the crop or vegetation grown, the form or source of nutrients, the 

placement of nutrients on the field, and the timing of nutrient applications. Nutrients can be 

managed by adjusting these four components.  

The term agronomic rate means that nutrients will be applied in accordance with the needs of the 

crop or vegetation. Thus, rates and timing of application must be adjusted to optimize plant 

response to the applied nutrients. When this occurs, the plantôs ability to use the nutrients is 

maximized, so fewer nutrients can escape into the environment. Efficient nutrient management is 

a goal for all systems, whether they are growing trees or vegetables, or managing pasture at a 

land application site.  

6.8 Crop Nutrient Requirements  

WWLA operators must understand nutrient requirements and growth cycles of the plants being 

grown. Crops vary in their ability to use nutrients (crop uptake). Bermuda grass has very high 

nutrient requirements, whereas a mature forest has much lower requirements.  

DEQ defines typical crop uptake as the median constituent crop uptake from the 3 most recent 

years the crop has been grown. For crops having less than 3 years of actual crop uptake data, 

other crop yield data or nutrient content values may only be used if approved in writing by DEQ 

in advance of use. If written approval is not provided by DEQ, compliance with the permit 

nitrogen loading limit shall be determined by comparing the current year nitrogen loading to the 

current year nitrogen uptake. 

Domestic wastewater generally contains low concentrations of the major plant nutrients. In such 

cases, it is possible that plant nutrients such as nitrogen, phosphorus, and potassium may have to 

be added as supplemental fertilizers, manures, compost, or soil amendments to get expected crop 

yields (optimum crop growth). Insufficient nutrients may result in reduced crop yield and 

reduced nutrient uptake efficiencies. The addition of supplemental nutrients should be based on 

soil test recommendations and expected crop yields. WWLA operators are encouraged to consult 

DEQ, the local Cooperative Extension Service, NRCS, or agricultural consultants for assistance 

in interpreting soil test results, determining potential supplemental fertilization rates, and 

developing nutrient management plans. Any supplemental source of nutrients will have to be 

documented and reported as part of the reuse permit requirements. 
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7 Ground Water and Hydrology 
 

Need-to-Know Criteria 

Hydrologic cycle and land application 

Evapotranspiration 

Runoff to surface waters, surface water pollution, and ponding 

Soil water and water table depths 

Monitoring wells and well construction 

To determine if a land application treatment system is functioning properly, the WWLA operator 

needs a basic understanding of ground water and hydrology. Hydrology is simply the study of 

water as it occurs on and below the surface of the earth as well as in the atmosphere. The 

movement of water on the land, in the ground, and through the air is termed the hydrologic cycle.  

7.1 Hydrologic Cycle  

The hydrologic cycle is the continuous process of water leaving the earth's surface and 

eventually returning in the form of precipitation (Figure 7-1). Water falling from the atmosphere 

as rain or snow can do one of three things: 

1. Evaporate and return to the atmosphere. 

2. Run off to streams, rivers, lakes, and oceans. 

3. Infiltrate into the soil. 

Land-applied recycled water acts in much the same way as natural precipitation and becomes a 

part of the hydrologic cycle. In a properly operated land application system, however, recycled 

water should either evaporate or infiltrate into the soil.  

Runoff from land application is not acceptable. Percolation of untreated or partially treated 

recycled water below the root zone is also undesirable. Therefore, one of the most important 

goals for the WWLA operator is to apply recycled water at rates that will not only supply the 

nutrient needs of crops or vegetative covers but that will not exceed the rate at which the soil-

crop system will accept, hold, and use the water. WWLA operators should understand that if not 

properly managed, recycled water can pond on the soil surface, percolate to deeper ground water, 

or flow laterally as ground water until it reaches a surface water body (surface water and ground 

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

7.2 Evaporation and Evapotranspiration  

Water can evaporate in several ways, and water in the form of precipitation, irrigation, and 

recycled water needs to be considered at a land application site. When the humidity is low, water 

may evaporate before it even reaches the ground. More importantly, for the purposes of land 

application, water can also evaporate from the soil surface and from leaf surfaces.  

Transpiration is the process of evaporation at leaf surfaces when water moves upward and 

through a plant. The combined loss of water to the atmosphere by evaporation from the soil 

surface (E) and by transpiration (T) is called evapotranspiration (ET) (Figure 7-2).  

ET is responsible for most of the water removal from soils during a cropôs growing season. ET 

rates are influenced by the following factors: 

 SunlightðSolar radiation provides the energy necessary for evaporation to take place; ¶

ET is higher on a bright sunny day than on a cloudy day. 
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 Atmospheric vapor pressureðEvaporation occurs when the atmospheric vapor pressure ¶

is low compared to the vapor pressure at the soil and leaf surfaces; ET is higher in arid 

climates than in humid regions.  

 TemperatureðA change in temperature has a much greater effect on the vapor pressure ¶

at soil and leaf surface than on the atmospheric vapor pressure; ET increases with an 

increase in temperature. 

 WindðThe movement of air sweeps away vapor moisture from wet surfaces; high winds ¶

will in crease ET. 

 Soil moisture contentðWater must be present for evaporation to occur; ET is higher for ¶

moist soils compared to soils with a low moisture content.  

 
Figure 7-2. The water balance of a root zone (Hillel 1980). 
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After ET occurs, water vapor in the atmosphere condenses into clouds. Eventually precipitation 

falls in the form of rain or snow and the cycle begins again. 

7.3 Runoff to Surface Waters  

Water that does not evaporate to the atmosphere or infiltrate into the soil can accumulate and 

pond in the field and if sufficient slope is present, the excess water may run off the field. Runoff 

travels over the soil surface and may transport soil particles and nutrients from the field to nearby 

surface water if present (i.e., streams, rivers, lakes, and oceans). Factors affecting runoff are the 

same as those affecting infiltration (section 6.4.2): 

 Soil texture ¶

 Soil structure ¶

 Soil moisture ¶

 Vegetative cover ¶

 Topography and landscape position ¶

Runoff can negatively impact both soil and water quality. These negative impacts include soil 

erosion and surface water pollution. Nutrients contained in the runoff, especially phosphorus, 

have the potential for causing surface water quality impacts. 

7.3.1 Soil Erosion 

When runoff occurs, it carries suspended soil particles. This loss or movement of soil is called 

soil erosion. Around 5 billion metric tons of soil is moved annually in the United States, some 

two-thirds is moved by water (the remainder is moved by wind).  

Unfortunately, much of this eroded soil ends up in surface waters. Sediment carried by runoff 

clogs streams, fills lakes, and often carries nutrients and pollutants to these waters. It can reduce 

the capacity of water storage reservoirs, require dredging of rivers and streams, and can impact 

both water and wastewater treatment plants by increased sediment loads. 

Runoff high in sediment can cause turbidity, which can smother aquatic life and shade out 

desirable aquatic vegetation. Sediment also may carry pesticidesðsuch as herbicides and 

insecticidesðthat may be toxic to aquatic plants and animals. The varying chemical properties of 

pesticidesðfor example, their solubility, toxicity, and chemical breakdown rateðdetermine the 

potential damage to water quality.  

Reducing soil erosion is the key to reducing the damaging effects of sedimentation. Fortunately, 

with current technology and management practices, erosion can be reduced to acceptable levels. 

The challenge is to match the appropriate technology to each situation.  

7.3.2 Surface Water Pollution  

In addition to soil particles, runoff can carry with it other constituents that affect water quality. 

Bacteria, viruses, organics, and a variety of other chemicals may impact plant and animal life in 

surface waters. These pollutants also have the potential to impact humans who use these surface 

waters for fishing, recreation, or drinking water. 
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Nutrients carried by runoff to surface waters can also result in accelerated eutrophication. 

Natural eutrophication is the slow nutrient enrichment of streams and lakes and is responsible for 

the aging of ponds, lakes, and reservoirs.  

Rapid eutrophication is usually associated with increased algae growth or blooms. In freshwater 

ecosystems developed under very low phosphorus conditions, large additions of nutrients, 

especially phosphorus, can stimulate the production of these algae blooms. As the algae die, 

organisms in the aquatic system decompose the algae to use as a food source. In the process, they 

also use significant amounts of oxygen. As more and more algae grow and then decompose, 

dissolved oxygen levels are depleted. This condition can result in fish kills, offensive odors, 

unsightliness, and reduced attractiveness of the water for recreation and other public uses.  

7.3.3 Ponding 

If the topography of a land application site includes low-lying areas, runoff may collect in these 

areas and create ponding. Ponding can also occur in the field at the original point of application. 

Ponding can cause hydraulic overloading and result in ground water contamination by leaching 

water past the crop root zone. In addition, land application sites should be managed to prevent 

water from ponding to the point where the ponded water putrefies (decomposition of waste 

elements in the water), which may cause odors or supports vectors (such as birds, flies 

mosquitoes, or rats) that may transmit disease.  

7.4 Infiltration into the Soil 

As discussed in the following sections, factors important to soil infiltration include soil water, 

water table depths, artificial affects to site hydrology, and ground water monitoring wells.  

7.4.1 Soil Water 

Water that does not evaporate or move as surface runoff, infiltrates into the soil, and percolates 

downward. As discussed in section 7.2, some of this water is used by plants and is removed from 

the soil environment by ET. The remaining water flows through the unsaturated portion of the 

soil (unsaturated zone) and below the root zone until it reaches the saturated zone (Figure 7-3). 

This is the zone in which all of the pores in the soil or bedrock are filled with water. The surface 

or uppermost level of the saturated zone is called the water table. When water percolating 

through the soil reaches the water table, it becomes ground water. Ground water is any water 

contained in interconnected pores located below the water table.  



Wastewater Land Application Operators Study and Reference Manual 

84 

 
Figure 7-3. Divisions of soil water. 

Although ground water is thought to occur in large underground lakes or streams, it does not. 

Instead, it occupies spaces within rock fractures or between particles of sand, gravel, silt, or clay 

and flows through underground formations called aquifers. An aquifer is the rock or sediment in 

a formation, group of formations, or part of a formation that is saturated and sufficiently 

permeable to transmit economic quantities of water to wells and springs.  

Ground water does not move rapidly in an aquifer. It may move only a few feet per month or 

even per year, whereas surface streams flow several feet per second.  

Although the unsaturated zone and saturated zone appear to be distinct and separate areas, it is 

important to remember that they are part of a continuous flow system. It is sometimes difficult to 

determine exactly where one ends and the other begins.  

Ground water often rises into the soil immediately above the water table by a process known as 

capillary action (the physical attraction of water to soil or rock particles). This area, where water 

from the saturated zone is pulled up into the unsaturated zone by capillary action, is called the 

capillary fringe.  

The height of the capillary fringe is determined by the texture of the soil. In finely textured soils, 

the capillary fringe may be several inches high; in coarsely textured soils it may be insignificant. 

Although some debate exists about whether the capillary fringe is part of the unsaturated or the 

saturated zone, for the purposes of this manual, the capillary fringe is considered part of the 

saturated zone.  
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7.4.2 Water Table Depths 

Water table depths vary across the landscape and are determined by the confining layers present 

below the soil surface. These confining layers have little to no permeability and, therefore, 

restrict water movement. These layers may be very deep and cover a large area, such as a 

bedrock layer.  

A water table that results from a confining layer is called an apparent or permanent water table. 

Water table depths can be determined by measuring the depth to free water in a shallow, unlined 

auger hole. 

A water table may also be caused by a shallow restrictive horizon in the soil that creates 

saturated conditions above it, while unsaturated conditions exist below it. This type of water 

table is called a perched water table, and usually occurs over a small area (Figure 7-4). Perched 

water table depths are quite variable and are usually of shorter duration than an apparent water 

table.  

Water table depths also move up and down in response to precipitation, ET patterns, and 

irrigation canals. The unsaturated zone can become saturated during periods of excessive 

precipitation. Saturated conditions in the unsaturated zone, however, are temporary and are 

usually seasonal (Figure 7-5). 

 
Figure 7-4. Porous aquifer and perched water table above an impermeable layer (Brooks et al. 
2003). 
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Figure 7-5. Ground water characteristics and water table changes from wet to dry season (Brooks 
et al. 2003). 

The goal of a land application system is to use the rooting zone of the soil, in conjunction with a 

suitable vegetative cover, to adequately treat water before it reaches the saturated zone (i.e., 

ground water). These systems are designed to operate in aerobic environments. Therefore, depth 

to the water table is important because it determines both the volume of unsaturated soil through 

which constituents must travel before reaching ground water and the amount of time that 

constituents are in contact with unsaturated soil. The potential for ground water contamination 

increases where the soils are thin and the underlying bedrock or confining layer is permeable, or 

where the water table is near the soil surface. Such sites would not be considered suitable for 

land application. Generally, at least 3 feet of unsaturated soil are needed for adequate treatment. 

Even when the water table is sufficiently deep, the potential for ground water contamination 

exists. Overapplication of water (hydraulic overloading) can alter the hydrology of a site and 

create saturated conditions in what would normally be the unsaturated zone. Gravel and fractured 

bedrockðand improperly constructed monitoring wellsðcan create a direct conduit to ground 

water leading to ground water contamination. Overapplication of recycled water (hydraulic 

overloading), fertilizers, or soil amendments can result in leaching nitrates and other pollutants 

into the ground water.  

Overapplication of water can also cause the water table to rise closer to the soil surface, creating 

a localized rise in the water table called ground water mounding, which is defined as a localized 

rise in the water table, during land application, caused by a subsurface confining layer (Figure 

7-6). This situation, if close enough to the soil surface, is undesirable; it can cause anaerobic 

conditions in the root zone and limit the growth potential of the vegetative cover; and it can also 
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result in poor treatment of the recycled water. Ground water tables may fluctuate seasonally and 

create conditions such as lowered water tables and ground water mounding. 

 
Figure 7-6. Ground water mounding under treatment system (Soil Science Society of North 
Carolina 1989). 

7.4.3 Artificially Affecting Site Hydrology 

Pumping water from a well can also alter the natural hydrology of a site. It is important to 

understand that pumping water from a well can change the natural flow of ground water in its 

vicinity. The net result can be a complete reversal of the natural direction of ground water flow. 

Thus, a downgradient contaminant may actually be drawn against the natural flow into an 

upgradient well. The possible range of such an effect depends on the rate of pumping and the 

ability of water to move within the aquifer. 

Artificial surface (such as from recycled water) and subsurface drainage can also affect ground 

water levels. Surface drainage is sometimes used where upslope runoff may impact a site. 

Surface water is diverted by means of dikes or berms that carry surface water runoff safely away 

from a treatment site. Installation of any surface drainage structures at a land application site 

requires approval by the DEQ regional office. 

Subsurface drainage is often used in agricultural settings. Ditches or porous pipes withdraw 

water from the soil and carry it to an off-site waterway, such as a road ditch or stream. Fields 

with shallow ground water conditions or fields that require tiling and drainage to remove shallow 

ground water are generally not acceptable water reuse sites. 

7.5 Ground Water Monitoring Wells 

Many land application sites maintain a system of monitoring wells to assess how land application 

practices are impacting ground water. Ground water monitoring often plays a major role in 

evaluating and modifying management and loading practices to protect and maintain ground 

water quality. The location and optimum number of monitoring wells depends on site-specific 

characteristics, such as the number of land application fields, hydraulic and constituent 

application rates, location of wastewater and recycled water lagoons/ponds, size (acreage) of the 
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fields, ground water depth, ground water flow characteristics, ground water uses, and the purpose 

of the monitoring system.  

7.5.1.1 Well Location  

The location of ground water monitoring wells is important in evaluating the change in ground 

water quality as it progresses through the land application site, and it allows the operator to see 

how the land application activities affect ground water quality. Upgradient monitoring wells 

indicate the existing ground water quality, and downgradient wells indicate the effect the land 

application site has on ground water quality.  

To achieve their intended purpose, monitoring wells must be located along the path of ground 

water flowing underneath the land application site. Typically, at least one well is installed 

hydraulically upgradient and at least two wells are installed hydraulically downgradient of the 

land application site, as shown in Figure 7-7. The number of ground water monitoring wells 

would be based on various factors such as the size of the reuse fields, depth and beneficial uses 

of the aquifer, and proximity of ground water users and is specified in the permit. 

 
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). 

Analyses of ground water sampled from the upgradient well establishes the quality of ground 

water unimpacted by the land application site (i.e., background quality), while ground water 

samples from the downgradient well establish (by comparison with upgradient samples) the 

impact of land application operations on ground water quality to determine compliance with 

ñGround Water Quality Ruleò (IDAPA 58.01.11).   
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7.5.1.2 Well Construction  
 

Need-to-Know Criteria 

Along with proper location, proper well construction is critical to a valid and acceptable ground water 
monitoring network. The construction requirements are presented in the reuse guidance at 
www.deq.idaho.gov/guidance-documents. Important requirements are discussed below.  

The well casing and screen must be made of materials compatible with the constituents of the 

wastewater being monitored. Polyvinyl chloride (PVC) is generally a good choice because of its 

ease of handling and low cost. However, the pieces of casing and screen must be joined using 

threaded couplings. Glues of any sort cannot be used, since volatile/semivolatile elements in 

glues may leach into the ground water. PVC is recommended for inorganic samples only. 

The length and positioning of the well screen below land surface must be such that the static 

water table is never above the uppermost or below the lowermost screen openings at any time of 

the year (Figure 7-8). Screen settings that do not meet this criteria result in either dry wells (i.e., 

the water table is below the screen, precluding collection of a sample) or a situation where the 

layer of dissolved contaminants in the ground water may be above the zone where the sample is 

collected (i.e., the water table is above the uppermost screen openings). 

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

The well casing must be grouted from the land surface to a depth of no more than 3 feet above 

the top of the well screen. Because of shrinkage when dry, bentonite grouts may not be used, 

except as a plug to keep cement grout away from the well screen (Figure 7-9). 

http://www.deq.idaho.gov/guidance-documents
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Figure 7-9. Construction details for ground water monitoring well. 

A permanent, easily visible label or tag must be attached to each well, denoting that the well is 

for monitoring and water from the well should not be used for drinking. A permanent label 

should contain details about the construction of the well (e.g., date installed, installer, and depth). 

The well must have a watertight lockable cap to prevent unauthorized access. Appendix B 

provides guidance for monitoring well construction. 

7.5.1.3 Baseline Well Characteristics  

Background conditions of monitoring data determine the baseline well characteristics. Because 

the purpose of installing monitoring wells is to determine the condition of ground water based on 

the analyses of ground water samples, it is essential that good quality samples be obtained. Prior 

to accepting a newly installed monitoring well, permittees should verify that the well has been 

properly developed. Suspended particles and sediment in ground water samples, due to improper 
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well development, interfere with some chemical analyses and can lead to compliance problems 

and additional financial outlays. 

Generally wells are sampled initially after construction, prior to land application activities, to 

establish a valid background concentration for constituents requiring routine monitoring. 

Thereafter, monitoring frequency will be determined by the schedule specified in the permit. 

7.5.1.4 Reporting Requirements 

Ground water monitoring data must be reported in the annual and/or monthly or other frequency 

reports. Be consistent in reporting well location and identification numbers, and designate each 

well as upgradient or downgradient in relation to the land application site. Identify wells using 

the serial numbers designated in the current permit. 

7.6 Rapid Infiltration Basins 

Rapid infiltration (RI) systems, also known as soil aquifer treatment systems, are highly 

permeable infiltration basins that are operated using periods of wetting and drying cycles at set 

frequencies to provide for both anaerobic and aerobic treatment of the recycled water through the 

vadose zone. The drying cycles are necessary to allow the soil to re-aerate between applications 

thereby allowing the aerobic microbial population that provides treatment to reestablish. The 

ratio of wetting/drying in successful RI systems varies based on the soil characteristics and 

treatment objectives, but it is always less than 1.0. 

RI systems accomplish treatment through physical, chemical, and biological interactions in the 

soil matrix. Vegetation typically has a marginal role in RI systems and is not generally utilized 

by this treatment method. 

RI systems shall be designed to provide even distribution of recycled water, prevent erosion, and 

ensure proper operation during winter conditions in cold climate areas. 

Discharge to an RI system may not exceed the hydraulic, organic, nitrogen, suspended solids, or 

other limitations specified in the permit. Discharges from an RI system shall be in compliance 

with the ñGround Water Quality Ruleò (IDAPA 58.01.11) and ñWater Quality Standardsò 

(IDAPA 58.01.02). 

7.7 Summary 

In conclusion, the soil-plant system can effectively treat wastewater constituents and prevent 

them from reaching ground water if the system is properly sited, operated, and maintained. It is 

important to remember that soils vary tremendously in their treatment capacity. Under some 

conditions, constituents may take months or years to move from the soil surface to the ground 

water. Under other conditions, constituents can flow almost directly into the ground water. Once 

constituents reach the saturated zone, they are available for withdrawal from a drinking water 

well or discharge to adjacent surface waters, possibly jeopardizing both public health and 

environmental quality.  
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8 Recycled Water Disinfection and Buffer Zones 
 

Need-to-Know Criteria 

Buffer zones 

Buffer zone reductions through mitigation measures 

Two important aspects of any land application site are disinfection, which destroys disease-

producing organisms and buffer zones, which minimize public health impacts, nuisance 

conditions, and aesthetic concerns.  

8.1 Disinfection 

Disinfection is generally the last form of treatment prior to land application for municipal 

systems, although there may be a few industrial systems that disinfect. The purpose of 

disinfection is to destroy disease-producing microorganisms or pathogens. As discussed in 

section 5.3.1, pathogens can cause many illnesses, such as typhoid fever, amoebic dysentery, and 

infectious hepatitis.  

The disinfection process should be economical, operationally practical, and environmentally 

acceptable. Three major types of disinfection are used: 

 Chlorination ¶

 Ultraviolet radiation ¶

 Ozone ¶

8.1.1 Chlorination 

Because of its simple feed and control procedures, its ability to disinfect water with low dosages, 

and its relatively low cost, chlorination is the most prevalent form of disinfection in the United 

States today. However, heightened awareness of the safety issues and environmental concerns 

associated with chlorine use is decreasing its popularity. 

Chlorine reacts with many compounds present in recycled water. Nitrogen compounds (including 

ammonia) react with chlorine to produce chloramines. These chloramines are considered to be 

relatively effective disinfectants. However, many of the compounds formed when chlorine reacts 

with non-nitrogen compounds are ineffective as disinfectants.  

Chlorine reacts with non-nitrogen compounds before it reacts with nitrogen compounds. 

Therefore, enough chlorine must be added to react with the non-nitrogen compounds and ensure 

that enough chlorine is still available for the formation of chloramines. Less chlorine is required 

to disinfect a higher quality effluent than a poorer quality effluent because there are fewer 

compounds with which the chlorine may react.  

Chlorine dosage is the amount of chlorine that is added to a given volume of water. Chlorine 

demand is the amount of chlorine that is not available as a disinfectant because of reactions with 
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various compounds. Chlorine residual is the amount of chlorine that is available for disinfection 

after a specific contact time. Three terms are usually used in reference to chlorine residual: 

 Combined chlorine residual ¶

 Free chlorine residual ¶

 Total chlorine residual ¶

Figure 8-1 is used in the following discussion. When chlorine is added to recycled water, some 

of the chlorine is used in oxidizing a variety of compounds in the water and does not contribute 

to chlorine residual (between points A and B). Additional chlorine then reacts with ammonia in 

the water producing chloramines, contributing to the chlorine residual (between points B and C, 

and referred to as the combined chlorine residual). As chlorine is added, the pH changes and 

allows the destruction of the chloramines resulting in the release of nitrogen gas and nitrous 

oxide to the atmosphere, reducing the combined chlorine residual (between points C and D). At 

point D, most of the chloramines have been oxidized, which is called break point chlorination. 

Continued addition of chlorine after the break point, will result in a free chlorine residual 

increase at the same rate as the applied dosage (Qasim 1999).  

Total chlorine residual is the sum of the combined chlorine residual and the free chlorine 

residual. Therefore, prior to the break point, the total chorine residual is equal to the combined 

chorine residual (since the free chlorine residual equals zero). After the break point, the total 

chorine residual is equal to the combined chorine residual, at break point, plus the free chlorine 

residual. 

 
Figure 8-1. Chlorine residuals and the break point chlorination curve (modified from Qasim 1999). 

Chlorine contact chambers are generally designed so that the chlorine injection point is below the 

surface of the water to prevent volatilization. Chambers should also be designed to prevent short-
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circuiting. Higher chlorine concentrations, longer contact times, and higher temperatures 

increase the effectiveness of chlorination, while higher pH (above 7.0), total suspended solids, 

and organic content decrease effectiveness.  

Chlorine disinfection is generally accomplished by one of the following methods: 

 Gas or liquid chlorine ¶

 Hypochlorite (sodium or calcium hypochlorite) ¶

 Chlorine dioxide ¶

Chlorine is highly toxic and is corrosive in moist atmospheres. Because of the corrosive nature of 

chlorine, leaks should be repaired as quickly as possible to prevent a minor leak from becoming 

a major leak. 

 

Note 

The safety measures are not mentioned here, and the Occupational Safety and Health 
Administration (OSHA) should be contacted regarding specific chlorine safety regulations. 

8.1.2 Ultraviolet Radiation 

UV radiation uses lamps that emit wavelengths of light that are invisible to humans. UV 

radiation kills bacteria and viruses in water by destroying their cellular genetic material, thereby 

preventing cell replication. Unlike chlorine, UV radiation leaves no residual in the water and 

adds nothing except energy that produces some heat. UV light is generally considered as an 

alternative to chlorine disinfection. A typical ultraviolet disinfection unit is shown in Figure 8-2. 

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

The advantages of UV disinfection are that there is no toxic residual, it kills microorganisms 

including pathogens, and the UV equipment occupies little space. The disadvantages of UV are 

the lack of a measurable residual (which makes immediate control of the process difficult), the 
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lack of methods for measuring dosage, and the need for a lower suspended solids and color 

concentration in order for it to be effective. For UV disinfection to be effective, the water must 

be relatively clean (low turbidity) and clear; UV tubes must be kept submerged and cleaned 

periodically; and organisms must come into direct contact with the UV light.  

8.1.3 Ozone Disinfection 

Ozone is not widely used for disinfection. Ozone is an unstable gas that is produced when 

oxygen molecules are disassociated into atomic oxygen and then collide with another oxygen 

molecule. Like chlorine, ozone is a strong oxidizing agent and destroys microorganisms by 

attacking the cell walls. It is faster acting and more effective than chlorine in destroying viruses 

and bacteria.  

Because it is chemically unstable and decomposes to oxygen very rapidly, ozone must be 

produced continuously and must be used as it is produced. Ozone is bubbled through the 

recycled water in a closed contact chamber with fine bubble diffusers covering the bottom of the 

chamber. After contact time, ozone is then collected off the top of the contact chamber and 

destroyed.  

Ozone is extremely irritating and can be toxic. To be effective, ozone disinfection requires high 

transfer efficiency, good mixing, adequate contact time, and minimal short-circuiting in the 

contactor. 

The advantages of using ozone as a disinfectant include the lack of a toxic residual, an increase 

in effluent dissolved oxygen levels, almost instantaneous disinfection action, and ozoneôs 

relative insensitivity to pH. Disadvantages include higher capital and operational costs and a lack 

of reliable automatic control systems.  

8.2 Buffer Zones 

A buffer zone is the area beyond the perimeter of a land application field, which provides the 

minimum separation needed to reduce the potential for impacts to public health and the 

environment as well as minimizing nuisance conditions and aesthetic concerns. Three parts 

factor into a siteôs buffer zone requirements: (1) buffer zone distances to land uses of concern, 

(2) posting requirements, and (3) fencing requirements. These methods limit public access and 

contact with recycled water.  

Land uses of concern for which DEQ has established guideline buffer zone distances are areas of 

public access, surface waters, public or private drinking water supplies, and occupied dwellings. 

The guideline buffer zone distances are a function of the following: 

 The characteristics of the land-applied water (industrial or municipal) ¶

 Level of treatment and disinfection designed for the land application site (Class A, B, C, ¶

or D municipal effluent, industrial) 

 Location of the land application field (suburban/residential or rural/industrial or ¶

residential) 

 Mode of irrigation (sprinkler or furrow) ¶
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For example, allowing spray mist from a land application sprinkler irrigation system to drift onto 

adjoining properties has the potential to create aesthetic, nuisance, and public health impacts. 

General buffer zone distance recommendations for various land uses of concern are as follows:  

 Inhabited dwelling: 300 feet ¶

 Private water supply well: 500 feet ¶

 Public water supply well: 1,000 feet  ¶

 Public access areas: 50 feet ¶

 Permanent or intermittent surface water: 100 feet ¶

 Temporary surface water and irrigation ditches and canals: 50 feet ¶

 In general, DEQôs guideline buffer zone distances decrease with greater disinfection ¶

(lower total coliform counts). In addition, all buffer zone distances must comply with and 

not supersede local zoning ordinances. Refer to the DEQ guidance for a detailed 

discussion of buffer zones.  

 In section 2, the disinfection levels of the various classes of municipal recycled water are ¶

presented in Table 2-1, Table 2-2, and Table 2-3.  

The buffer zone distances specified in a reuse permit may vary from DEQôs guidance distances 

due to site-specific characteristics. For example, buffer zone distances may be reduced through 

the following mitigation measures: 

 Establish an effective physical or vegetative barrier to reduce drift or aerosol dispersion ¶

 Use nonspray irrigation (drag tubes or equivalent apparatus) ¶

 Manage irrigation systems in a manner that prevents any spray drift towards the land use ¶

of concern 

 Use runoff and/or overspray controls ¶

Combining best management practices (BMPs) with standard buffer zone distances to help 

protect drinking water supplies. Monitoring well buffer zone distances are typically less than 

drinking water well buffer zones and also depend on the types of BMPs used. Monitoring well 

buffer zone distances may vary from site to site and are specified in the site permit. Also note 

that reuse facilities with existing or planned cross-connections or interconnections between the 

recycled water system and any water supply (potable or nonpotable), or surface water, shall have 

backflow prevention assemblies, devices, or methods as required by the applicable rule or as 

specified in permits and approved by DEQ. Example BMPs for drinking water wellhead 

protection include installing a backflow assembly and grading the ground to direct any waters 

away from a wellhead.  

  



Wastewater Land Application Operators Study and Reference Manual 

98 

 

This page intentionally left blank for correct double-sided printing. 

 



Wastewater Land Application Operators Study and Reference Manual 

99 

9 Lagoons 
 

Need-to-Know Criteria 

Lagoon design and configuration: slope, freeboard, liners, liner integrity, and short-circuiting 

Lagoon operation and maintenance: vegetation, erosion, excessive algae, odor prevention, 
insufficient freeboard, short-circuiting, and fencing and posting 

A lagoon (or pond) can provide treatment or storage (e.g., during winter months or during 

maintenance). Although a limited amount of treatment may occur in storage lagoons, they are 

designed primarily for storage. This section addresses the role of storage lagoons at land 

application sites. Treatment lagoons are covered as part of wastewater treatment operator 

certification obtained previously. 

9.1 Lagoon Design and Configuration  

Lagoons are generally designed and constructed with earthen dams or dikes. The inner dikes of 

new lagoons are typically lined with a synthetic material to prevent leakage. Figure 9-1 shows a 

typical lagoon design. Generally, inner and outer dike slopes shall not be steeper than 3 units 

horizontal to 1 unit vertical for slope stability and maintenance (i.e., mowing, erosion control, 

slope stability, and weeding). Lagoons must be designed for a minimum freeboard (the distance 

between the top of the dike at its lowest point and the highest allowed wastewater level within 

the lagoon). This design provides a safety factor so that the lagoon does not overtop its banks 

from wave action, higher than planned water entering the lagoon, or heavy precipitation events. 

For existing lagoons using clay or earthen liners or lagoons that have a buried synthetic liner, the 

inside slopes may be protected by riprap from 1 foot below the minimum water surface to the top 

of the freeboard to protect against wave erosion.  

 
Figure 9-1. Typical lagoon design (Water Pollution Control Federation and Environment Canada 
1981). 

Liners are used to minimize the loss of wastewater to the subsurface or ground water by reducing 

the permeability of the bottom and sidewalls of the lagoons. Lagoons need a minimum 

separation of 2 feet between the bottom of the pond and the maximum ground water elevation. 
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The typical materials used for liners are synthetic membranes, compacted clay, and bentonite. 

New installations typically use high density polyethylene (HDPE) or buried PVC liners. Clay 

and bentonite liners require submergence in water to retain their sealing characteristics. If 

exposed and dried, clay and bentonite liners may develop cracks and lose their ability to provide 

a good seal. 

Design and operating standards allow seepage rates from lagoons. As such, lagoons are required 

to be periodically seepage rate tested to evaluate liner integrity. Lagoon seepage above DEQ 

performance criteria generally requires repair, replacement, or abandonment of the lagoon. 

Municipal wastewater lagoons must meet facility-specific seepage rates corresponding to the 

date of construction (or major modification) every 10 years after initial testing. Industrial facility 

seepage testing is required by permit and its frequency of testing is based on the permit. Lagoons 

must be seepage tested if a change in liner condition occurs that affects its permeability, 

including but not limited to, liner repair below the high water line, liner replacement, lagoon 

dewatering of soil-lined lagoons, which results in desiccation of the soil liner, seal installation, or 

earthwork affecting liner integrity. Recycled water enters and leaves a lagoon through inlet and 

outlet pipes. Inlet structures should be located so that water is distributed evenly in the lagoon. If 

water is gravity fed to the lagoon, a concrete pad or riprap is often placed at the end of the inlet 

pipe to protect the lagoon liner. If the lagoon is used for chlorine treatment, the outlet pipe is 

located as far as possible from the inlet pipe to increase chlorine detention time and to prevent 

short-circuiting (a condition where some of the water in a lagoon travels faster than the rest of 

the water, between the inlet and outlet pipes). Short-circuiting is especially a problem in lagoons 

that are designed to allow for a specific chlorine contact time (the amount of time chlorine must 

be allowed to react with the water prior to discharge and reuse). 

The following factors are used to determine the volume of lagoon storage capacity that is 

required: 

1. If the land application system is designed for growing season only application, the lagoon 

is designed for storage of effluent throughout the nongrowing season.  

2. If the land application system is designed with a nongrowing season application 

allowance, storage may be necessary for periods of extreme cold temperatures, which can 

prevent application due to freezing problems in the irrigation system, frozen soils, or ice 

buildup on the application site. 

3. If land application is not possible due to harvesting or heavy precipitation events. 

4. If an alternative discharge point such as a National Pollutant Discharge Elimination 

System (NPDES) permit or rapid infiltration basin is available. 

Other design considerations for lagoons include the following: 

 Multiple cells to provide access during maintenance ¶

 Proximity to surface waters and drinking water wells ¶

 Potential for odor generation, aeration for odor reduction, and siting  ¶

 Permanent stilling wells for seepage testing ¶
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9.2 Lagoon Operation and Maintenance 

Regardless of how well-designed, lagoons will not perform to their optimum potential unless 

properly operated and maintained. Inspections and sampling should be conducted on a routine 

basis to determine if any problems are apparent. Routine operation and maintenance practices 

should address and control the following conditions and situations: 

 Emergent (rooted) plants  ¶

 Suspended vegetation ¶

 Erosion ¶

 Excessive algae ¶

 Odor production ¶

 Insufficient freeboard ¶

 Short-circuiting, if chlorine treatment is a component of the storage lagoon ¶

 Sludge depth and removal ¶

 Not running aerators as designed and/or required ¶

In addition, other basic management steps are both recommended and required. These steps 

include posting and maintaining warning signs and fencing to discourage unauthorized access 

(from people and livestock) and protect public health and safety. 

9.2.1 Vegetation  

Controlling vegetation around lagoons is important. Weeds and grasses on dams and dikes 

provide sheltered areas for insects and burrowing animals, interfere with the establishment and 

maintenance of a desirable vegetative cover, and hinder visual inspection of dikes. Trees and 

other deep-rooting vegetation can impair the structural integrity of lagoon dikes. Regular 

mowing and weeding are required to avoid these problems. 

Rooted plants growing on the bottom of the lagoon (emergent growth) and suspended vegetation 

in lagoons takes up valuable space, provides a breeding ground for potential vectors, such as 

mosquitoes, and hinders pond circulation. In addition, dead vegetation can contribute to BOD 

levels, reduce dissolved oxygen, and cause odors.  

Emergent growth will occur when sunlight is able to reach the lagoon bottom in older lagoons 

with earthen bottoms or lagoons with a buried synthetic liner. Emergent growth can be controlled 

by the following:  

 Immediate removal of young plants (including roots) ¶

 Drowning weeds by raising the water level and preventing sunlight from reaching the ¶

plants 

 By installing pond liners ¶

 As a last resort, using herbicides (which should only be used with the approval of the ¶

DEQ and taking into consideration impacts to the land application fields) 

Vegetation, such as duckweed and algae can occur in any lagoon, regardless of depth. Often 

mistaken for algae, duckweed floats on a lagoon surface and has long hair-like roots that hang 

down into the water. It grows rapidly and can cover the entire surface of a lagoon if not 

controlled. If suspended vegetation is a problem, it should be skimmed off with rakes or other 
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tools or mechanically harvested. As a last resort, a herbicide can be used by adhering to the 

precautions outlined above. If not removed, vegetation may plug the irrigation system.  

Ducks eat duckweed (hence, the name) and may control a light growth of suspended vegetation. 

Fecal waste from ducks and other waterfowl, however, can contribute BOD to the lagoon and 

increase coliform levels. Depending on the required disinfection level, the attraction of 

waterfowl to a lagoon may seriously impact the water quality. Disinfection downstream of the 

lagoon may be necessary in some cases to achieve the required water quality levels.  

9.2.2 Erosion  

Erosion can wash away clay liner material on inside banks or create cracks and crevices in outer 

banks. Both situations reduce the structural integrity of lagoon dikes and can result in leaks and 

dike failure. Erosion can be caused by wave action, surface runoff from precipitation, holes dug 

by burrowing animals, access by wildlife, lack of proper vegetation on outside slopes (lagoon 

dikes), steep slopes, or poor maintenance.  

Slope stabilization through the installation of riprap or broken concrete along banks and dikes 

can minimize erosion and limit weed growth. However, this practice cannot be used for exposed 

synthetic liners. 

Diversion ditches and proper grading around the lagoon may be used to divert surface water 

away from the lagoon. Burrowing animals, such as gophers, moles, ground squirrels, and 

groundhogs, should be trapped and removed. Burrowed holes should be repaired immediately to 

prevent erosion. 

9.2.3 Excessive Algae 

Excessive algae growth can create serious problems. Algae blooms die off as suddenly as they 

appear, blocking sunlight, and the dead vegetation can cause foul odors. The die-off of algae 

blooms also causes a very high BOD loading, which reduces dissolved oxygen levels, and the 

lagoon may become anaerobic or septic and cause odor problems.  

A specific type of algae that can be problematic is blue-green algae (cyanobacteria). A bloom 

(rapid growth) of blue-green algae can be caused by organic overloading, nutrient overloading, 

high water temperatures, or stagnant conditions and foul odors.  

Blue-green algae are photosynthetic bacteria that grow in fresh water lakes, ponds, and wetlands, 

as well as wastewater lagoons. They usually occur only in small numbers and are so small they 

are invisible to the casual observer.  

When a bloom occurs, huge numbers of algae grow and accumulate on the surface of the lagoon, 

to the point where the surface of the water resembles thick pea soup, often blue-green in color. 

Although these blooms occur naturally, water bodies that have been enriched with plant nutrients 

from municipal, industrial, or agricultural sources are particularly susceptible to these growths.  

Blue-green algal blooms are unsightly, but more important, blue-green algal blooms can be toxic 

if ingested by wildlife, livestock, or people. Blue-green algae produce neurotoxins that affect the 

nervous and respiratory systems and hepatotoxins that affect the liver function.  
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If blue-green algal blooms are suspected, they should be treated with caution. One of the first 

signs of toxin contamination in a water body is the presence of stressed, sick, or dead wildlife or 

waterfowl. Contact DEQ or the local health district if you suspect a problem. Water suspected of 

being contaminated with toxic strains of blue-green algae can be sampled and tested for toxicity. 

Algae mats should be broken up and dispersed or physically removed like duckweed. Algae can 

also be controlled by physical, chemical, and biological means, such as the following: 

 Lagoon covers (artificial or natural) eliminate sunlight, photosynthesis, and vegetative ¶

growth.  

 Aeration or mixing removes carbon dioxide from the water and reduces plant growth. ¶

 Shock chlorination at high doses for short duration and at a lower chlorine dose for ¶

longer duration have both been used successfully in controlling algae. 

 Copper sulfate is the most common chemical used to control algae. ¶

 Nontoxic dyes to reduce sunlight penetration in the water. ¶

 

Note 

When considering any chemical or biological means of algae control, the WWLA operator must 
ensure that the action is approved by the DEQ and is not a violation of permit conditions. 

9.2.4 Odor Prevention 

Some lagoons can produce odors from time to time, depending on the water quality of the stored 

water and how the ponds are maintained and operated. If odors are a problem or anticipated to be 

a problem, an odor management plan must be submitted to and approved by DEQ. 

The odor management plan should cover water treatment systems, land application facilities, 

lagoons, and other operations associated with the facility. The plan should include specific 

design considerations, operation and maintenance procedures, and management practices to be 

employed to minimize the potential for or limit odors. The plan should also include procedures to 

respond to an odor incident if one occurs.  

Odors related to lagoons may be caused by the following: 

 Storage of recycled water with a high organic content ¶

 Stagnant conditions or long detention times of water in storage ¶

 Lagoon turnover due to seasonal temperature changes. This causes a vertical movement ¶

of the lagoon contents causing the lower anaerobic zone to move towards the surface  

 Organic overloading (may be caused by the accumulation of dead vegetation or algae) of ¶

the lagoon 

Most odors in the lagoon water column are caused due to anaerobic conditions, which generate 

odorous gases such as hydrogen sulfide and mercapans.  

9.2.5 Insufficient Freeboard  

A properly designed lagoon system will provide adequate freeboard or safety volume to prevent 

an overflow from the lagoon. Overflow from lagoons, for any reason, is a violation of state rules 

and is subject to enforcement action. Allowing a lagoon to reach its maximum storage capacity 
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before the start of the nongrowing season does not leave room for storing excess precipitation 

during extended wet periods. In the late summer and early fall, lagoons are typically pumped 

down as far as possible.  

In Idaho, lagoons are designed to have a minimum of 3 feet of permanent freeboard unless they 

are under 50,000 gallons/day for which 2 feet may be acceptable. Under normal operations, the 

freeboard space will not be used for water storage. However, under some conditions, the 

freeboard space may be encroached upon: 

 Extremely high precipitation event. ¶

 High flow into the lagoon from situations such as rapid population growth, inflow and ¶

infiltration problems, or in industrial systems, plant upsets or unusual operations resulting 

in greater generation of recycled water. 

 Inability to lower lagoon volume to minimum levels prior to the winter storage season. ¶

 If a situation arises that could result in approaching a lagoon overflow, or as the ¶

minimum freeboard level is encroached upon, contact the DEQ regional office to 

evaluate the situation and to determine what actions and approvals may be needed.  

9.2.6 Short-Circuiting  

Short-circuiting is a condition that occurs when some of the water in a lagoon or basin travels 

faster than the rest of the flowing water, typically between the inlet and outlet pipes. This 

problem can be caused by poor design, sludge accumulation in the lagoon bottom, vegetation 

that hinders lagoon circulation, and temperature gradients in the water column (lagoon turnover). 

Short-circuiting is a bigger concern for lagoons that perform treatment or are used for chlorine 

disinfection. It is of less of a concern for lagoons used solely for storage. However, if the short-

circuiting causes stagnant conditions in a portion of the lagoon, it can cause odor problems 

depending on the water quality. Short-circuiting can be verified by the use of dye tests and may 

be corrected or prevented by using curtains or baffles to redirect flow, relocating inlet and outlet 

pipes, controlling vegetation, and removing excessive sludge deposits from the lagoon. 

9.2.7 Sludge Accumulation and Removal 

Sludge is the semisolid or solid material in sewage that separates out during treatment. Sludge 

levels should always be evaluated as too much sludge can displace water volume and create 

channeling or short-circuiting of the wastewater and create problems that cause inadequate 

wastewater treatment. It is not expected that storage lagoons will accumulate a significant 

amount of sludge since the storage lagoon generally follows after treatment. The sludge 

accumulation rate is important for planning and determining the need for sludge removal. Sludge 

accumulation is affected by many variables, including hydraulic and organic loading 

pretreatment, temperature, and lagoon design. 

A sludge inventory assesses the amount and locations of solids in the lagoon. Many options are 

available for sludge removal, and a state-approved sludge removal plan is often requried prior to 

sludge removal. The removed sludge is subject to state and federal rules, and the lagoon owner is 

generally considered the responsible party legally as the generator of the sludge. Municipal and 

industrial sludge may have different state and federal rule requirements. Sludge may contain 

pathogens, nutrients, and heavy metals. Sludge may be disposed of or beneficially used for soil 
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augmentation. Treated sludge is called biosolids. Biosolids when treated are safe for beneficial 

use for soil augmentation, which include use for crop nutrients. Sludge may also be disposed of 

at land fills if the land fill will accept it. Requirements for land fill disposal include dewatering 

and testing for heavy metals.  
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10 Distribution Network and Devices 
 

Need-to-Know Criteria 

Pump discharge: flowmeters and counters 

Distribution network and devices: fittings, sprinklers, solid set irrigation equipment, and center pivots 

Operational issues: as-built plans, backflow devices, system pressure, and system discharge flows 

The WWLA operator needs a basic understanding of pumps and their controls as well as an 

understanding of distribution networks and their devices. In most cases, WWLA operators will 

be operating and maintaining equipment and systems that were designed and installed by 

someone else. WWLA operators will have greater success in operating and maintaining a 

distribution system that was properly designed and installed, but even a good design does not 

guarantee that recycled water will be properly applied. Poor operation can adversely affect the 

performance of a well-designed system. Conversely, careful operation of a poorly designed 

system can sometimes provide a good performing land application system. 

10.1 Pumps and Controls  

10.1.1 Pumps 

A pump is a mechanical device that imparts energy to liquids to move the liquids from one 

location to another. Generally irrigation pumps operate on the following principals:  

 Air is exhausted from the working chamber. ¶

 Atmospheric pressure forces water (or another liquid) into the chamber. ¶

 The pump mechanism forces the water out of the chamber, creating a partial vacuum. ¶

 Additional water fills the chamber to repeat this cycle. ¶

The general concepts associated with pumps and controls are found in Appendix D.  

10.1.2 Backflow Prevention Assemblies and Devices  

Reuse facilities with existing or planned cross-connections or interconnections between the 

recycled water system and any water supply (potable or nonpotable), shall have approved 

backflow prevention assemblies or devices as required by the applicable rule or regulation and 

approved by DEQ.  

¶ Approved backflow prevention assemblies are a category of backflow preventers that 

have been evaluated and certified to meet certain standards. Third party approval 

organizations certify assemblies to meet certain material, design, and performance 

standards. They must meet performance standards that include pressure loss, head loss, 

and flow requirements. Assemblies are mechanical backflow preventers designed to be 

tested and repaired in-line (AWWA 2012). 

¶ Devices are mechanical backflow preventers that do not meet the specific approval 

requirements of an assembly. Devices are generally nontestable and not repairable in-line 

(AWWA 2012). 
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There shall be no connection between drinking water distribution systems or ground water wells 

and any pipes, pumps, hydrants, water-loading stations, or tanks whereby unsafe water or other 

contaminating materials may be discharged or drawn into a public water system or ground water 

well. The WWLA operator is responsible through backflow prevention assemblies and devices to 

take reasonable and prudent measures to protect the water system against contamination and 

pollution from cross connections. An approved backflow assembly is strongly recommended to 

be installed on the discharge from an irrigation well to prevent ground water contamination.  

The assemblies shall be adequately maintained, shall be tested annually by a certified backflow 

assembly tester, and repaired or replaced as necessary to maintain operational status. Records of 

backflow assembly test results, repairs, and replacements shall be kept at the reuse facility along 

with other operational records and shall be discussed in the annual report and made available for 

inspection by DEQ. Other approved means of backflow prevention, such as siphons and air-gap 

structures that cannot be tested, shall be maintained in operable order. 

Backflow prevention may be required on a case-by-case basis, as determined by DEQ, to isolate 

different classes of recycled water. 

10.1.3 Alarms and Timers 

Alarms are controls with visual and/or audible signals that indicate that a condition exists in the 

system requiring the WWLA operator's attention. The alarms vary from a simple high water 

level alarm to a multiple alarm system. The most common and necessary is the high water alarm. 

High water alarms can be activated using the same ON/OFF controls used to sense water-level 

changes. Alarms may be needed for other parameters such as temperatures, pump, power, and 

seal failures. 

Timers are devices that allow the WWLA operator to control pumps or controls in specified 

ways at predetermined times. Run cycle timers repeatedly open and close contacts according to 

preset time cycles while pump run timers are helpful in calculating the volume of discharged 

water.  

10.1.4 Counters  

Counters measure pump activity related to flow. Counters provide flow indication for timer 

panels. A counter can be used to add up the number of times the pump has been activated, or for 

run counters, used to calculate the volume of discharged water. 

10.1.5 Flowmeters  

Flowmeters are instruments for measuring the amount (flow volume) or rate (velocity) of water 

flow. It is necessary to know the flow rate in a treatment system so that adjustments can be made 

to pumping rates, chlorination rates, and other processes in the system. Water flow rates must 

also be known for calculating hydraulic and constituent loadings at a land application site. 

Elapsed time meters are used to record the amount of time each pump runs. This is a good way to 

monitor the hours per day that a pump runs. One elapsed time meter is used per pump. If  a 

flowmeter is not installed or operational on the discharge line, WWLA operators might be able to 

use, under certain conditions a combination of pump run timers, knowledge of the operating 
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characteristics of the pump, and the manufacturerôs pump performance curve to estimate the flow 

(or volume) of applied water. 

Flow-measuring devices must be periodically calibrated to ensure a known pump discharge rate 

and ensure their continued precision and accuracy. Most manufacturers and dealer 

representatives will offer a service and maintenance agreement with a flowmeter for its periodic 

calibration. Calibration is recommended per manufacturer specified frequencies, and when 

conditions or damage (e.g., lightning) has occurred that could affect the accuracy of the meter.  

Comparing flow measurement against other methods of flow estimation can also help to calibrate 

pump discharge rates. For example, total flow in a pump cycle may be estimated by knowing the 

discharge rate from a sprinkler based on nozzle size and pressure (which gives gallons per 

minute) and multiplying this value by the total pump run time.  

Another standard to check against is pump drawdown in a tank or wet well, or lagoon level 

drawdown. To estimate flow rate by the pump drawdown method, other inflows and outflows to 

the tank or lagoon must be shutoff or precisely measured.  

The WWLA operator should use all appropriate techniques to help with flow management and 

calibration for a land application system. 

10.2 Distribution Network and Devices 

To ensure the appropriate amount of water is uniformly applied at a land application site, 

WWLA operators must be familiar with common types of irrigation application devices 

(sprinklers), irrigation system design, correct pressure settings, and other distribution system 

operating issues. 

10.2.1 Pipes and Fittings 

10.2.1.1 Pipes  

A piping system consists of the pipes, fittings, and appurtenances within which a fluid flows. 

WWLA operators should be familiar with pipes, connections, and valves. General information is 

found in Appendix E.  

10.2.1.2 Fittings  

Pipe fittings are joints or connectors between pieces of pipe. Examples are elbows that alter the 

direction of a pipe; tees and crosses connect a branch with a main; plugs and caps close an end; 

and bushings, diminishers, or reducing sockets couple two pipes of different dimensions.  

Pipe cleanouts should be used whenever recycled water has a solids content that causes the 

potential for solids buildup and clogging in piping. Cleanouts are also advised at sharp turns in 

piping, such as elbows, where water tends to slow down. A pipe cleanout is typically a wye 

fitting (a pipe fitting with three branches positioned in one plane in a pattern of the letter Y) that 

is installed several feet up-flow from the appropriate area to be cleaned, typically at elbows or 

sharp turns. The dead end of the wye is at the ground surface or above for easy access and is 

capped off with a threaded plug. This access must be protected from equipment and traffic. The 
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cleanout allows the WWLA operator to clean the piping with plumbing snakes, augers, or water 

pressure cleaners. 

Thrust blocking is used in irrigation systems, using moderate-to-high water pressures to protect 

the distribution system from damage that could be caused by water pressure. Thrust blocking is 

used at all points at which water flow either changes direction (such as tees and elbows) or 

comes to a dead end (ends of laterals or field valves). The thrust block, which is typically a mass 

of concrete, must lie against natural ground to offer the most protection. Pipe excavation for 

repair at any of these points is likely to encounter concrete thrust blocks, which must be replaced 

when replacing pipe or fittings where water changes direction. 

10.2.2 Irrigation Application Devices (Sprinklers)  

Sprinklers, drip emitters, and other devices are used to distribute water to the land application 

fields. Many people consider the application devices (sprinklers) to be the heart of the irrigation 

system, but a well designed and properly functioning pumping system is critical to the operation 

of the sprinklers. However, most WWLA operators will spend much of their time dealing with 

sprinkler management, maintenance, and repair. Sprinkler maintenance and operation is a key 

component of successfully managing a land application system. 

Many types of irrigation application devices are available. Most are not designed for recycled 

water containing solids, but some have been adapted for this use. Many irrigation devices 

function well where recycled water is very dilute and has few solids or chemicals. It is beyond 

the scope of this manual to discuss all types of equipment available. The WWLA operator should 

be familiar with the basic terms describing irrigation equipment and the factors that affect the 

operation of that equipment. When purchasing irrigation equipment, always notify the dealer that 

the equipment will be used in a recycled water setting. 

Some common types of irrigation application devices (sprinklers) are described below: 

 NozzleðThe part of the sprinkler where the water discharge occurs. Important factors ¶

are nozzle type (plastic, brass, taper bore, or ring) and nozzle size at the opening (in 

inches). 

 Full circle sprinklerðA sprinkler that turns 360 degrees and wets a total circle. These ¶

sprinklers are used in the interior and exterior positions of land application fields.  

 Partial circle or partial turn sprinklerðA special sprinkler that allows the WWLA ¶

operator to direct discharge to a select portion of the field. Devices such as clips or 

threaded stops cause the sprinkler to rotate part circle (less than 360 degrees). These 

sprinklers are often used to prevent irrigation into buffers, roadways, ditches, or problem 

areas in the field. Note that using partial turn sprinklers, without changing other 

parameters, such as nozzle size or pressure, results in an increased water application rate. 

For example, a half turn sprinkler with the same settings as a full turn sprinkler will apply 

two times as much water per hour to the area it irrigates. Partial turn sprinklers must be 

operated very carefully to avoid ponding and runoff. 

 GunðUsually refers to a large sprinkler with nozzle opening exceeding one-half inch. A ¶

gun is usually mounted onto a permanent riser of 2-inch pipe size or larger, a traveling 

gun cart, or the distal end of a center pivot system. 
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 Rotary head sprinklerðA sprinkler whose head rotates around the base due to a ¶

swinging, spring-loaded impact arm. The water pressure throws the arm to the side; it 

returns due to the spring, and intercepts the water stream, causing the sprinkler to rotate 

several degrees. These sprinklers are much more moderately priced than guns. 

 Microspray headsðDevices that distribute water in a variety of patterns other than the ¶

rotary impact sprinkler head described above. Water is deflected via vanes, grooves, 

wobbling weights, and other devices that allow for water distribution. Usually, these are 

used with lower pressures (5 to 30 pounds per square inch [psi]), and often are used to 

reduce wind drift. The length of water throw is limited, thus requiring close spacing. 

 Drip emittersðInstalled in flexible (PVC, polyethylene) tubing (hoses). Drip emitters ¶

allow water that is under pressure inside the tubing to be emitted at low pressures. 

Usually, this type of piping is installed at the ground surface or slightly under the ground 

surface to provide water uptake by plant roots. The drip emitter consists of a labyrinth 

inside the hose that allows for pressure drop as the water is emitted and are used to 

prevent wind drift. The orifice size is about one-sixteenth to one-eighth of an inch and 

distributes less than 1 gallon per minute. 

10.2.2.1 Solid Set Irrigation Equipment 

Solid set or stationary systems for land application are usually permanent installations (lateral 

lines are PVC pipes permanently installed belowground). One of the main advantages of 

stationary sprinkler systems is that these systems are well suited to irregularly shaped fields. 

Thus, it is difficult to give a standard layout, but there are some common features between 

systems.  

Sprinkler spacing is based on nozzle flow rate and the desired application rate. To provide proper 

overlap, sprinkler spacings are normally 50% to 65% of the sprinkler wetted diameter, or in the 

range of 80 x 80 feet. Other spacings can be used and some systems are designed to use gun 

sprinklers (higher volume) on wider spacings. A typical layout for a permanent irrigation system 

is shown in Figure 10-1.  

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

The minimum recommended nozzle size for recycled water is one-quarter inch. Typical 

operating pressure at the sprinkler is 25 to 60 psi. Sprinklers can operate full or partial circle. The 

system should be zoned (any sprinklers operated at one time constitutes one zone) so that all 
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sprinklers are operating on about the same amount of rotation to achieve uniform application. 

Gun sprinklers typically have higher application rates; therefore, adjacent guns should not be 

operated at the same time (referred to as head to head). Most permanent systems use PVC plastic 

irrigation pipe for mains, submains, and laterals and either 1-inch galvanized steel or Schedule 

40 or 80 PVC risers near the ground surface where an aluminum quick coupling riser valve is 

installed (Figure 10-2). In grazing conditions, all risers must be protected (stabilized) if left in the 

field with animals.  

The advantages of fixed irrigation equipment include the following: 

 Flexible irrigation rates ¶

 Suitability for irregularly shaped fields ¶

 Suitability for tree crops ¶

Disadvantages of fixed irrigation equipment include the following:  

 High capital costs ¶

 Limited use for row crops ¶

 

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

10.2.2.2 Mobile Irrigation Equipment 

Mobile or traveling sprinkler systems are either cable-tow, hose-drag travelers, center pivot, or 

linear-move systems.  
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10.2.2.2.1 Travelers 

The cable-tow traveler consists of a single-gun sprinkler mounted on a trailer with water being 

supplied through a flexible, synthetic fabric, rubber or PVC-coated hose. A steel cable is used to 

guide the gun cart. 

The hose-drag traveler consists of a hose drum, a medium-density polyethylene hose, and a gun-

type sprinkler. The hose drum is mounted on a multiwheel trailer or wagon. The gun sprinkler is 

mounted on a wheel- or sled-type cart referred to as the gun cart. Normally, only one gun is 

mounted on the gun cart. The hose supplies wastewater to the gun sprinkler and also pulls the 

gun cart toward the drum (Figure 10-3). A tractor is typically required to move the cart from one 

location to another because they are typically too heavy for all terrain or passenger vehicles. 

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

The distance between adjacent pulls is referred to as the lane spacing. To provide proper overlap, 

the lane spacing is normally 70% to 80% of the gun wetted diameter. Operating pressures range 

from 80 to 150 psi. Like stationary sprinklers, traveling guns can operate full or partial circle. A 

typical layout for a hard-hose traveler irrigation system is shown in Figure 10-4. 

The hose drum is rotated by a water turbine, water piston, water bellows, or by an internal 

combustion engine. Regardless of the drive mechanism, the system should be equipped with 

speed compensation so that the sprinkler cart travels at a uniform speed from the beginning of 

the pull until the hose is fully wound onto the hose reel. If the solids content of the wastewater 

exceeds 1%, an engine drive should be used. 
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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. 

Nozzle sizes on gun-type travelers range from 0.5 to 2.0 inches in diameter. Three types of 

nozzles are taper bore, ring, or taper ring. The ring nozzle provides better breakup of the water 

stream, resulting in smaller droplets with less impact energy (less soil compaction) and providing 

better application uniformity throughout the wetted radius. But, for the same operating pressure 

and flow rate, the taper bore nozzle throws water about 5% further than the ring nozzle (i.e., the 

wetted diameter of a taper bore nozzle is 5% wider than the wetted diameter of a ring nozzle) 

resulting in a 10% larger wetted area. 

A gun sprinkler with a taper bore nozzle is normally sold with only one size of nozzle, whereas a 

ring nozzle is often provided with a set of rings ranging in size from 0.5 to 2.0 inches in 

diameter. This allows the WWLA operator flexibility to adjust flow rate and diameter of throw 

without sacrificing application uniformity.  

Furthermore, on water drive systems, the speed compensation mechanism is affected by flow 

rate. A minimum threshold flow is required for proper operation of the speed compensation 

mechanism. If the flow drops below the threshold, the travel speed becomes disproportionately 

slower, resulting in excessive application although a smaller nozzle is being used. System 

operators should be knowledgeable of the relationships between nozzle size, flow rate, wetted 

diameter, and travel speed before interchanging different nozzle sizes.  

Advantages of traveling irrigation systems include the following: 

 Potential lower capital costs ¶

 Adjustable speed with no interruption of irrigation ¶

Disadvantages of traveling irrigation systems include the following: 

 High application rates on large units (0.3 to 1.0 inch per hour) ¶

 Potential runoff and ponding from traveler lanes ¶

 High operating costs (energy) ¶

 Requires two people to operate ¶

 Limited use on forested sites (can result in debarking unless diffusers are used) ¶
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10.2.2.2.2 Center Pivots and Linear Move Systems  

The use of center-pivot systems for irrigation is increasing. The systems are available in size 

from single tower machines that cover around 10 acres to multitower machines that can cover 

several hundred acres. Center pivots use either rotary sprinklers, small guns, drag tubes, or spray 

nozzles. Operating pressures range from 25 to 60 psi. Drop-type spray nozzles offer the 

advantage of applying water close to the ground at low pressure, which results in less drift due to 

wind.  

A center pivot device applies water along an elevated distribution pipe that is anchored at one 

end. Water is supplied at the anchored end and distributed from sprinkler heads mounted to the 

distribution pipe. The unit is driven by electrical motors mounted at the wheels along the 

distribution pipe. When properly designed and operated, the application rate of each sprinkler 

head increases with its distance from the fixed center, so water is uniformly applied as the pivot 

moves in a circular motion (Figure 10-5 and Figure 10-6). Center pivots typically are used with a 

programmable control panel that allows the operator to reduce the hydraulic-loading rate over 

problem areas in a field, such as rock outcroppings, by speeding up the travel time of the center 

pivot.  

 
Figure 10-5. Center pivot system. 

Need-toïKnow Criteria 

Linear-move systems are similar to center pivot systems, except that neither end of the distribution pipe 
is anchored, and travel is in a straight line. Water is supplied through a feeder hose to one end of the 
distribution pipe. Depending on the type of sprinkler used, operating pressure ranges from 10 to 50 psi. 
Low pressure systems reduce drift at the expense of higher application rates and greater potential for 
runoff.  
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Figure 10-6. Center pivot control panel. 

Advantages of center pivot and linear move systems include the following: 

 Excellent irrigation control (programmable) ¶

 Wide range in application rates (0.1 to 1.0 inch per hour) ¶

 Low operating costs (energy, people) ¶

Disadvantages of center pivot and linear move systems include the following: 

 High capital costs ¶

 Center pivots fixed to one side (towable pivots available) ¶

 Wheel tracks are potential source of runoff and ponding ¶

10.3 Operational Issues  

By understanding the components of the irrigation system, their layout and installation, and by 

using monitoring devices, the WWLA operator can effectively operate the irrigation system. 

Troubleshooting problems early can also prevent significant and expensive equipment 

malfunctions and possible negative impacts to the environment. 

The WWLA operator should be familiar with all components that make up a land application 

facility, including the irrigation system. This is most easily done by maintaining a set of 

approved as-built plans for the facility because design plans do not always reflect what was 

actually installed during construction.  

The as-built plans should provide sufficient detail, so that the WWLA operator can determine the 

location, size, and type of all pipes, valves, and fittings. This is especially important for buried 

irrigation mainlines and laterals. This will allow the WWLA operator to perform quick service 
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and repair and keep spare parts on hand. If as-built plans are not on site, a set may be obtained 

from the design engineer for the facility. 

If both recycled water and supplemental irrigation water are applied to the land application 

fields, determine if the supplemental irrigation water supply is directly connected to the recycled 

water distribution system. If so, a DEQ-approved backflow prevention device must be installed 

to protect the quality of the fresh irrigation water supply. If the supplemental irrigation water 

comes from two sources (well and surface water) an approved backflow prevention assembly 

should be installed between the irrigation well and surface water delivery system. An approved 

backflow prevention assembly is not required at the interconnection of a canal and a feeder 

irrigation ditch. 

The WWLA operator must be familiar with pump discharge rates and the factors that affect 

discharge rates as described earlier. Knowledge of operating pressures in the field is crucial to 

understanding and evaluating water application flow rates and system efficiency. It is valuable to 

measure pressure at several locations, also known as pressure surveys. They are useful for 

identifying bottlenecks in the irrigation distribution system and can aid in designing system 

modifications or additions. Measuring pressure at the discharge point (sprinkler or gun) provides 

the most information about the actual rate of application. 

Most guns have a fitting where a pressure gauge can be easily mounted. Rotary impact sprinklers 

can be fitted with a pressure gauge by installing a tee in the sprinkler riser. On an irrigation 

system or zone with multiple sprinklers, several pressure readings across the field give the best 

picture. However, at least one reading near midfield and one near the sprinklers installed at 

higher elevations provide valuable pressure information for the system. The pressure at the 

sprinkler head dictates the flow rate (gallons per minute) through that sprinkler. Significant 

elevation changes within one field or zone can result in higher discharge pressures and rates in 

the lower portions of the field. 

Knowledge of pump pressure and field pressure can help the WWLA operator determine if 

pumps are running efficiently. An operating pressure that is less than the design pressure may 

indicate wearing of the pump or sprinklers. Gathering baseline data can also help determine 

when pipes are beginning to clog. Blockages, as well as broken or separated pipes, can cause 

pressure reductions in the distribution system. These problems often result in extremely wet 

areas that will be obvious to the WWLA operator. Wet and soggy areas near valves and fittings 

may indicate that the pipe has been damaged or improperly installed, such that leaks are causing 

the soil in the area to remain saturated. 

Close monitoring of pumping rates by use of flowmeters or pump operating data will help with 

operational and maintenance decisions at the facility. Pump, piping, and sprinkler wear can be 

predicted with accurate flow records. These records can also help the WWLA operator determine 

if infiltration and inflow from the collection system are contributing to the recycled water stream. 

Accurate flow monitoring is important for compliance with state record keeping requirements, 

and may indicate when a system expansion is necessary.  

If actual applied recycled water flows exceed the irrigation system design flow, then a detailed 

examination of the pumping and irrigation systems (sprinkler design and layout map) should be 

conducted and necessary steps should be taken to maintain compliance with the reuse permit. 
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Pump monitoring records, such as pump run time and number of pump cycles, can be used to 

monitor pump efficiency and proper working of float switches or relays. Following an inspection 

and maintenance schedule to identify and replace worn components will help a system to operate 

at its design flow. 

In summary, the WWLA operator should maintain detailed records of all equipment and 

operational parameters at the facility. In conjunction with a detailed set of as-built plans, 

operational and maintenance decisions can be made to provide long equipment life and efficient 

overall system operation. Additional information regarding the operation and maintenance of 

land application equipment is presented in section 13.4. 
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11 Irrigation Systems Operations and Scheduling 
 

Need-to-Know Criteria 

Irrigation scheduling; basic soil-water relationships, estimating soil-water content, feel method, and 
checkbook method 

Determining how much to irrigate; operational considerations 

System calibration 

This section discusses the operation and scheduling of the land application irrigation system. As 

discussed, land application facilities consist of many components, from the influent pipe to the 

soil-crop system, and everything in between. The WWLA operator must understand the entire 

system for it to perform properly. The WWLA operator does not need to be a specialist in all 

facets of land application system design, soil science, or crop science. However, the WWLA 

operator needs to understand day-to-day management and be able to identify those situations that 

call for technical assistance. 

A main function of a land application system is to provide final treatment while protecting the 

quality of the land application environment. Another function is to provide beneficial reuse of 

the recycled water and nutrients to produce a crop. One way to minimize adverse environmental 

impacts at a land application site is to maintain a healthy system for final treatment. The WWLA 

operator must ensure that all aspects of the system are properly operated and maintained. Soil 

and crops must be protected so that continued use of the land application site is ensured. Surface 

and ground water must be protected to ensure the integrity of these resources. Sites must be 

protected from poor field operations that destroy soil structure. They must also be protected from 

overapplication of metals, nutrients, salts, and other constituents that can adversely affect the 

soil-crop system. 

11.1 Irrigation Scheduling 

Proper land application involves using water management strategies to ensure that water is 

applied at the proper time and in the correct amounts. This balance achieves the following: 

 Optimizes the timing of nutrient application to match crop uptake ¶

 Maintains adequate storage in the lagoon, if a lagoon is part of the land application ¶

system, to handle all inflows of water and precipitation without overtopping 

 Applies recycled water at a rate and amount so that no direct surface runoff or deep ¶

percolation below the root zone occurs and provides the irrigation requirement for the 

crop throughout the growing season 

The criteria listed above create an important framework for the operation and maintenance of a 

land application system. A responsible WWLA operator must understand how recycled water 

should be managed, have knowledge of the capacity of the system to store and apply recycled 

water when appropriate, and make prudent management decisions concerning when and how 

much recycled water to land apply. For a land application system, this decision-making process 

is called irrigation scheduling.  
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Irrigation scheduling is the process of answering two questions:  

1. When to irrigate? 

2. How much to irrigate? 

Effective irrigation scheduling requires knowledge of soil properties, soil moisture content, crop 

type, climate, irrigation equipment, and estimated daily/weekly precipitation deficit. Monitoring 

soil moisture will help prevent runoff and leaching of recycled water (including nutrients) to the 

ground water. Monitoring soil moisture is important to ensure that land application of recycled 

water is conducted within permit limits. This section discusses the interaction of these factors 

and how to incorporate them into an effective irrigation schedule. Keep in mind that hydraulic 

and constituent loadings are established by the facility permit for both the growing and 

nongrowing seasons (if nongrowing season application is allowed in the permit) and should not 

be exceeded. The WWLA operator must comply with these permitted amounts when planning 

irrigation events. This section also focuses on irrigation scheduling for growing season 

operations. 

11.1.1 Determining When to Irrigate 

The following questions should be answered when deciding to irrigate: 

1. Can the recycled water be applied to an actively growing crop (or will a crop be planted 

or actively start growing within 30 days)? 

2. Is there a nutrient deficit remaining for this crop being grown?  

3. Are the fields dry enough to be irrigated? 

If the answer to all three questions above is yes, then an irrigation event should be scheduled. 

The answer to Question 1 should be obvious to the WWLA operator for growing season 

operations. Question 2 requires knowledge of the amount of nutrients that should be applied for 

the crop grown and the amount that has already been applied.  

Determining the answer to Question 3, whether or not the field is dry enough to be irrigated, is 

not always obvious. Soil saturation can be determined by observing free water in an auger hole. 

However, other methods can determine whether a soil is saturated or not. If the soil is not 

saturated, the following methods can be used to determine how dry the soil is: 

 A subjective method that involves feeling the soil ¶

 Objective methods using soil-moisture measuring devices ¶

 An accounting approach (checkbook method) to estimate soil-water content ¶

11.1.2 Basic Soil-Water Relationships 

Before attempting to measure or estimate soil-water content, recall the basic soil-water 

relationships discussed in section 6.4. Important terms to remember include saturation, field 

capacity, wilting point, gravitational water, and plant-available water (PAW). 

Not all of the water added to soil is necessarily retained in the soil for use by plants. Water 

containing nutrients should be applied to soil so that the nutrients remain in the root zone for 

uptake by the crop. Water not retained in the root zone may transport constituents, resulting in a 

pollution threat to either surface water, ground water, or both. 
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To use soil-water measurements for irrigation scheduling, it is important to distinguish between 

two categories of soil-water: 

1. Gravitational waterðThe water in the soil that is free to drain or move by the force of 

gravity. Gravitational water is computed as the volume of water in the soil between 

saturation and field capacity. When gravitational water is present in the root zone, the soil 

is too wet to be irrigated. 

2. PAWðThe amount of water held in the soil that is available to plants. It is computed as 

the difference between the water content at field capacity (referred to as upper limit water 

content) and the permanent wilting point (often referred to as the lower limit water 

content). Al though water is theoretically available to plants between these two limits, if 

the soil water available to the plants falls below the maximum allowable depletion 

(MAD), there will be a loss in yield or crop quality due to moisture stress. Irrigation 

should be scheduled to maintain the water content of the soil above the MAD to avoid 

crop moisture stress losses. MAD i s defined as the portion of PAW that can be used by 

the crop at specified stages of crop development that will not cause yield or quality loss 

due to moisture stress. If the soil-water content is above field capacity, gravitational 

water is present and irrigation should be delayed until the soil-water content nears the 

MAD under normal operating conditions. Figure 11-1 depicts the relationship between 

these soil-water terms.  

Soil texture influences the portion of the soil pore volume that can be occupied by gravitational 

water or PAW; therefore, it is important to know the soil texture to determine how much water 

should be applied. 

The amount of PAW that exists in the soil at any given time is commonly expressed as the depth 

of water per unit depth of soil. Typical units are inches of PAW per foot of soil depth. PAW, 

AWC in the root zone, can be estimated for various soil textural classes by using the United 

States Department of Agriculture, Soil Conservation Service, soil survey reports. Estimates are 

done by taking the AWC (inches of water per inch of soil) value and multiplying it by the total 

inches of soil root depth which will yield the number of inches of PAW for the soil root depth.  

PAW values for various soil types may be compared to each other by calculating the PAW for a 

common soil depth, typically 1 foot. This can be done by multiplying the AWC (in inches of 

water per inch of soil) value by 12 inches per foot (in./ft), which will yield the number of inches 

of PAW per foot of soil. This basis of comparison estimates a range from less than 0.2 inch of 

PAW per foot of soil for coarse sandy soils to nearly 2 inches of PAW per foot of soil for silty 

clay and clay soils (Table 11-1). 

At the start of irrigation, the water content in the soil should be at or lower (drier) than field 

capacity (upper limit). The difference between the existing water content and the field capacity 

water content is the maximum amount that should be irrigated. The drier the soil, the more water 

that can be safely applied per application, provided this amount does not exceed the required 

nutrient application rate or violate any other permit conditions. Determining the water content of 

the soil indicates whether the soil is dry enough to be irrigated and if so, how much water can be 

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




































































































































































































































































































































































































































