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Acronyms, Abbreviations, and Symbols

°C
Hg
pm
ac
AWC
BMP
BOD
Ca
cb
CEC
cmol
COD
CcuU
Cu
DEQ

DO
E
EPA

ESP
ET
Fe

gal
gpm

HDPE
HIV

degreeLelsius

microgram

micrometer

acre

available wateholding capacity
bestmanagement practice
biochemical oxygen demand
calcium

centibars

cation exchange capacity
centimols

chemical oxygen demand
consumptive use

copper

Idaho Department of
Environmental Quality

dissolved oxygen
irrigation efficiency

United States Environmental
Protection Agency

exchangeable sodium percentage
evapotranspiration

iron

foot

gram

gallon

gallons per minute

hydrogen

high-density polyethylene

human immunodeficiency virus

IBOL

IDAPA

MAD
meq
Mg
mg
MG
mL
mm
MR
MRML
MU

Na
NGS
NPDES

NRCS

NTU

Idaho Board of Occupational
Licensing

Numbering designation for all
administrative rules in Idaho
promulgated in accordance with
the ldaho Administrative
Procedure Act

inch

irrigation requirement
irrigation water requirement
potassium

kilogram

liter

pound

maximum allowable depletion
milliequivalent

magnesium

milligram

million gallon

milliliter

millimeter

mineralization rate

most recent mature leaf
management unit

nitrogen

sodium

nongrowing season

National Pollutant Discharge
Elimination System

Natural Resources Conservation
Service

neophelometric turbidity unit
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NVDS  nonvolatile dissolved solid yr year
NVSS  nonvolatile suspended solid Zn zinc
O&M operations and maintenance
(manual) @ Needs-to-know criteria

OSHA  Occupational Safety and Health
Administration

P phosphorus
PAN plantavailablenitrogen
PAPR powered ahpurifying respirators

PAW plantavailable water

Paer precipitation deficit

Pe effective precipitation

PO plan of operations

PPE personaprotectiveequipment
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

SuU soil monitoringunit

TDS total disolved solid

TKN total Kjeldahl nitrogen

TSS total suspended solid

USDA  United States Department of

Agriculture
uv ultraviolet
\% volt
VDS volatile dissolved solid
VR volatilization rate
VSS volatile suspended solid

WWLA  wastewater land application
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Introduction

Thegoalof arecycled watetand application systeis to provide a method of treatment that
protects the following

1 Public health
1 The environment
1 Waters of the stafencludingsurface wateand ground water

Land application systems are recognized by the I@dpartment of Environmental Quality
(DEQ) andUnited Stateg€nvironmental Protection Agency (EPA) as beneficial reuse systems.
Two benefits of using land application technol@gg(1) eliminatingthe need forecycledwater
discharge into a surface water body é)dorovidingrecycledwateras the primary sourasf
irrigation water for nutrientitilization by crops thaaregrown and harvested on land application
sites. Furthermore, a properly sited and operated land application systeswexdtggtional
treatment and renovatia@s well as a source of aquifer hacge in some instances

However, as with any treatment process, mismanagement can result in negative consequences
Overapplication ofecycledwater to the land can result in runoff or leaching (downward
movement of pollutants) and potential contamination of surface wateraadd water

Nutrients, metals, pathogens, salts, and other elements may cause environmental problems or
health concernd not properly managed

Purpose of This Manual

The purpose of this manual is to providastewater land application (WWLAperatorswvith

the basic understanding needed to opdaate applicatiorsystems in an efficient and
environmentally sound mannend to prepare for the WWLA certification exa¥dWLA
certification is required by rule for municipal operators and this manual will primarily consider
municipal sites

@ This symbol indicatedleedto-Know Criteria thatall WWLA operatoranustfocus on and
which may appear in th&WLA certification examThis manuals not intended to provide all
required details for the complete evaluation and management of a land applicatiornbsystem
can be used as a general referefte. facility permit and plan of operatiors (PO) shouldalsobe
consulted to complete the evaluation and manageméin¢ laind application systenNote that
the operations andnaintenance (O&M)nanual is a subset of the P&nhd in thismanua) the
O&M manualmay be used intehangeably as a reference to B@

This Manual and the Law

This manuapresents materialonsistent witlthe laws, rules, and technical guidafmel d a h o 6 s
reuseprogram that existed at the tirttee manual was writtenit is likely that theselaws and
technical guidanchave changedso t is important to stay upp-date.

Although te organizations and government agencies involv¥dWiLA operator certification
will try to inform individuals who own and operate these systems of any chasdglesy occur,

XV
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WWLA operatorsare responsible for ensuring tllagéyare operating in compliance with current
laws and rules

For questionsabout land application systeyeontactDEQ. For questions about becoming
licensed or maintaining an existing licerss 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 thecycledwater, regulatory, soils, agronomy, engineering, and
associated fielsldeveloped the training materiéds this manualThe manual is based on a list
of topicsand issued referred to adleedto-Know Criteriad the committealetermineceach
operator of a land application systemist knowhowto perform at a minimum level of
compeaency.The manual andssociatedraining program explain and demonstrate ddebhdto-
KnowCriteria, soaftercompleing the training, the operatshould havehe knowledge and
tools to effectively operate a landigation system.

Updates to This Manual

This manual will be periodically updated to reflect changes in laws and technetogxample,
interest in odor reductioand drift controfrom recycledwater irrigation fields is increasing,
thereby increasindhe interest in using application equipment that distribig®scledwater at or
close to the ground surface. Distribution technigaesh as lowdrop nozzles on center pivot
equipment and drip irrigation systemseet some of these neelat this manuatannot cover
every type of hardware that is used in the field.

The basics ofecycledwater distribution and sitgperation anananagement are presented in
some detail, as these appd all sites Special and unique systeraebriefly mentioned
operatos of suchsystemsareencouraged to obtain specific operation and maintenance
information from the system manufacty, designer, or installer

XVi
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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 aVWLA operatoiis licensedo understand a reuse site tlaatd applies recycled
water under the terms of a stagguedreuse permitThe WWLA operatorshouldunderstand the
following:

1 Reusepermit

1 Difference between a municipal and industrealsepermit

1 Dalily activitiesrelating tothe permit which includethe following:
A Monitoring andcollectingdata
A Collecing data of known quality that reflect/demonstrate terrmthépermit
A Communicatingpermitterminology

1 State of Idaho rules that are folledunder the permit

A Wastewater Rule$DAPA 58.01.16

Recycled Water RuletDAPA 58.01.17

Ground Water Quality Ru/éDAPA 58.01.11

Water Quality Standard$DAPA 58.01.02

Rules of tle Board of Drinking Water and Wastewater ProfessiojvVakstewater
Operator Licensing Rules and Operator RequiremdmaPA 24.05.01

> > > > >

1.1 Permits

Most wastewater comes from domestic or industrial sopaoekhree types of reuse permits can
be issuedmunicipal industrial or combined The permittee (permit holder) is the person

entity to whom the reuse permit is issuldt is legally responsible for complying with the terms
of the reuse permif.he permittee is often the system owrldre permitte candesignatehe
WWLA operatorto be responsible for system operatibhe WWLA operatorshouldunderstand
the permit andknow what type of recycled water is used on their site.

1.1.1  Municipal Reuse Permit

Municipal (or domestic) wastewater is collecteahfrhomes and business and treated in a
wastewater treatment facilitifomestic wastewater comes primarily from residences,
nonindustrial businesses, and institutional soufeesmples of domestic wastewater are
restroom(sanitary fixtures/appliancedgaundry, and kitchen waste. Domestic wastewater tends
to be fairly uniform in compositiorf the treatment facility land applies the treated water
(recycled water)the facility land applies under the terms of a sisseedreusepermit. The
wastewater chacteristics of the recycled water determiidch of the fiveclasses of recycled
water Classe®d\i E) that the site is permitted for in the reuse perAppendixA contains




Wastewater Land Application Operators Study and Reference Manual

example perm# One example of a municipal reuse permit would be attisit treatsith an
aerated lagoofollowed bychlorine disinfectiorto Class Gtandardsind therdand appliests
recycled water tmonfoodcropssuch as alfalfaAnother example would be a city that uses
tertiary treatment to treaind disinfecto Clas A standardsind then distributes the recycled
water to parks, businessesd homes through purple pipe for nonpotable irrigation.

1.1.2 Industrial Reuse Permit

Industrial wastewater is discharged from industrial facilities and some heavy commercial
operatons. 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 metélsncerns with the land application of high strengtustrial
wastewater includgeneration of nuisanaalors and overloading the site with constituents
(waste elements) in threcycledwater stream. These systems typically require additional
pretreatment and/or special site management practices tog@gnad pdormance. Industail
reuse permits are issued based upon thesgéeific characterization of the treated recycled
water and the sitepecific conditions. Industriavastevater can be of significantly higher
strength than domestic st@water. An example of an industrial reuse permit would becal
processor with high strength wastewater (haghl dissolved solidand nitrogen) where they
treat with lagoonsclarification and then filtration before land applyinggmall grain crops (i.e.
wheat) or cornThe majority of industrial reuse permits in Idaho are related to food processing
(e.g.,potatoessugar beets, other vegetables, dairy products, and meat processors).

1.1.3 Combined Reuse Permit

An industrial site may treat its industrial and nuipal wastewater streams differenélgd need
a permit that handles both streams appropriately. If the site is mixing municipal and industrial
wastewater before treatmettienthe permit will need to be a municipalusepermit if it keeps
thetreated ad landapplied streams separatieen the facility needa combined reuse permit.

1 Mix streams= one municipal reugeermit, which contains limits for the combined
recycled water

1 Two separated streams = a combined r@esmit which may contain separaltinits for
the municipal and industrial recycled water streams as well as limits and conditions that
apply to both streams

1.2 Rules

Thef Recycl ed Y2APAS58.0IRLY éstatdish the procedures and requirements for
issung and maind&iningreusepermits, and it is under these rules that reuse permits are issued.
Rulesarefurther discussed igection16. The sitespecific reuse permit will provide informai

on other rules that must be consideredperating the reuse site.
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@ 2 Recycled Water Classes (A-E)

Need-to-Know Criteria

Wast ewater effluent classifications and | eWatel
Ru | €IBA®A 58.01.17).

Generally, ay structure or system designed or used for reuse of municipal or industrial
wastewater pdDEQ6 B Recy c | ed RAPA58.01RLY mustdhave a DEGssued
reusepermit and follow the requirements of tblassification of the recycled water. The rules
define the various classes of municipal recycled water (Cl&E$ @nd eaclheusepermit will
specifythe classification for that facility. Classification of theinicipalrecycled water
determines the optiarforthe use of the recycled water from that facility. For example, land
application is one type afse Partial descriptions of the five recycled water classes are given
Table2-1, Table2-2, andTable2-3 (IDAPA 58.01.17).

To usethetables find the recycled water classification listed horizontally across the top of each
table and follow the appropriate colamown to determine specific treatment, disinfection
additional requirements, and typical uses of each recycled water class. tables should be

used along with the narrative of each classification listede sections following thi&ables

The tables provide a quick reference for information regarding each recycled water
classification. These tables are not intended torcoveetail all aspects with regard to each
clasgfication. TheWWLA operatorshould consult the facility permit, IDAPA 58.01.17, @hd
Guidance for Reclamation and Reuse of Municipal and Industrial Waste{idi€y guidancg
for details associated witlaeh 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

Median results
for which o N . . No limit
) 7-day median 7-day median |5-day median|3-day median

) analysis have

(organisms/ . :
P Maximum in any .
100 milliliters) sample 23 23 230 2,300 No limit
?:l:n:grr:gg Daily, or as Daily or as Oncgrv;tzekly m%ﬂf:‘l 5
q y determined. determined. ) y
determined or as

Contact time of |Total chlorine not
450 mg-min/L  |less than 1 mg/L
with 90 min of  |after 30-min
modal time, or |contact time at d d d
disinfection to 5- [peak flow or
log inactivation |comparable
of virus alternate process

Disinfection requirements
contact time

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

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

Classification Class A Class B

Turbidity 24-hour - mean, not to exceed |Granular or cloth media - 2

(NTU) Membrane filter - 0.2 Granular or cloth media - 5

Granular or cloth media - 5

Membrane filter - 0.5 Granular or cloth media - 10

Maximum, in any sample

Monitoring frequency Continuous Continuous

Ground water recharge - 10
Residential irrigation and other
nonrecharge uses i 30

May be required based on an
Maximum total nitrogen (mg/L) Or analysis of ground water
impacts

As required based on an
analysis of ground water

impacts
BODs (mg/L) Ground water recharge - 5
Monthly arithmetic mean, from weekly Residential irrigation and other 5
composite samples not to exceed nonrecharge uses - 10
pH Between 6.0 and 9.0 o}

Daily grab samples or continuous monitoring

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 | ClassB | ClassC | 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 (¢
undergo commercial pathogen-destroying Yes Yes Yes Yes No
processing before bei.

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

Sod and seed crops not intended for human

. . Yes Yes Yes Yes No
ingestion

Pasture fo_r animals not producing milk for human Yes Yes Yes Yes No
consumption

Pasture for animals producing milk for human Yes Yes Yes No No

consumption

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

Highway medians and roadside vegetation

L2 : Yes Yes Yes No No
irrigation on sides

Cemetery irrigation Yes Yes Yes No No
Parks, playgrounds, and school yards during Yes Yes NoO No NoO
periods of honuse

Parks, playgrounds, and school yards during Yes No No No No
periods of use

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 ves ves ves No No
Toilet flushing at industrial and commercial sites,

when only trained maintenance personnel have Yes Yes Yes No No
access to plumbing for repairs

Nonstructural fire fighting Yes Yes Yes No No
Cleaning roads, sidewalks, and outdoor work Yes Yes Yes NO NoO
areas

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
Grounq water recharge through surface .
ctiface water eatires, such as landecape. | Y& | No | No | No | No
impoundments
Subsurface Distribution
Subsurface distribution | Yes | Yes | Yes ‘ Yes No
The WWLA operatoris responsible founderstanmigt he A Rul es of t he

and Wast ewat e(tDAFAr24.4G5.6sandithe nedification that they need for the

Board

classification of the syster®EQ 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 wastewat per day are supervised by an appropriately liceresgbnsible charge

operatorand licensed operating personri&rmitteesre responsible for reporting to DEQ on

the current classification status evéryears. It is also thpermiteés 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 ClassB through E recycled water sgsts must have a certifiegberator Class A
systems at the treatment plant prior to distribution will need wastewater operators that are
certified No certified operatois needean the distribution system of a Class A system
However, the operator of da&3s A distribution system must sign a utility user agreement
provided by the Class A recycled water utility stgthat 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 operatorshouldunderstand the general differermstween Clasa and other

classes. If th&®/WLA operator is working with Class A recycled water, the details of the pe

and the requirements IDAPA 58.01.17should be understood

rmit

Class A recycled wateeceives the most treatment of all the classessamitthe highest quality

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

ensure pathogen destruction. Class A systems also require additional reliability and redundancy
measures and increased monitoring to ensure treatment and effluent Gbalitgbles above

discuss special requirements for treatment, atdadisinfection, turbidity, water parameteasd
uses|In generalClass A recycled watdras more uses than other classes legh restrictiorand
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in some cases no restriction at all (such as no buffer zdrtes)section reviewother
requirements food in IDAPA 58.01.17

1 For disinfectionClass A recycled water can be disinfected using chlooinane
ultraviolet (UV) radiation and other alternative methods. When other methods for
chlorinedisinfectionare usedthepermit will define the requirenmes. It is recommended
that Class A recycled water alsadisinfected following storage.
1 Sampling and analystf Class Arecycled watearedefined in the permit. Generally
there are daily requirements for disinfection sampling. For exanpéeffluentmustbe
sampled and analyzed daily for total colifoduring periods of application
1 Turbidity requirementshall be met prior to disinfectioandcontinuous idine
monitoringshall occuras described in IDAPA 58.01.17
A For filtration systemsisingsand or other granular media or cloth media, the daily
arithmetic mean of all measurements of turbidity shall not exceed@helometric
turbidity units NTU), and turbidity shall not exceed 5 NTU at any time.

A For filtration systemssingmembrandiltration, 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.

1 Nitrogen, pH and5-day biochemical oxygen demar8idDs) requirements

A Total nitrogen at the point of conihce shall not exceed hilligrams per liter
(mg/L) for ground water recharge systems and 30 mg/L for residential irrigation and
other norrecharge uses.

A The pH as determined by daily grab samples or continuous monitoring shall be
between @ and 90.

A BOD:s shall not exceed 5 mg/L for ground water recharge systems, and 10 mg/L for
residential irrigation and other n@acharge systems, based on a monthly arithmetic
mean as determined from weekly composite sampling.

1 Reliability andredundancyequirementsre required for monitoring, equipment (j.e.
pumps) and treatment trains and are specifietDAPA 58.01.17andtheil Vistewater
Ruless (| DAPA). Saddbwdwer sulficient to maintain all treatment and
distribution works shall be required for tBdass Asystemsas described in theiles
1 Class Aeffluent identificationis requiredand & new buried pipe, including service
lines, valves, and other appurtenances, shall be colored fagrtone 51por
equivalent. If fading or discoloration dié purple pipe is experienced during
construction, identification tape or locating wire along the pipe is required. Label piping
every 10 feewvithii Ca u t | ywladWat&®-€Do NotDrinkk or equi val ent si
both Spanish and Englisti identification tape is installed along with the purple pipe, it
shall be prepared with white or black printing on a purple field, Panton®b12
equivalentwitht he wor ds, ycde@/Mdatet- Dod\Not:.Drine cor equi val en
signage in both Spanish and Englishe overall width of the tape shall be at least
3inches. Identification tape shall be installedii¢hes above the transmission pipe
longitudinally, shall be centered over the pipe, and shall run continuously along the
length of the pipe.
A Existing watetlines that are being converted to use with Class A effluent shall first be
accurately located and comply with leak test standards in accordandbevith
AmericanWaterWorks AssociatiorStandardsnd in coordination witibEQ. The
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pipeline must be physidgildisconnected from any potable water lines and brought

into compliance with current state crasmnection rules and requiremeints
accordancewitii | daho Rul es for PubI(IDAPADri nking W
58.01.08543), and must meet minimum separatioguieementg{IDAPA

58.01.0854207). If the existing lines meet approval of the water supplieEQ

based upon the requirements set fortiDiAPA 58.0117.607.02.b, the lines shall be
approved for Class A effluent distribution. If regulatory compliasice 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 nmausttpofitted to

meet the requirements of #exules. After conversion of the water or irrigation line

to arecycledwater effluent line, the lines shall be marked as stat€dARPA
58.0117.607.02.b.

A All valve covers shall be of neinterchangeable shapwith locking potable water
covers and shall have an i nscycledpvaterdn cast
Valve boxes shall meet the requirements of IDAPA 58 D&0301a.iii. All
aboveground pipes and pumps shall be consistently-cottedpurple (Pantone 512)
and marked to differentiate Class A effluent facilities from potable water facilities.

A All exposed and aboveground piping, risers, fittings, purapdyalves shall be
color-codedpurple(Pantone 51Por equivalent In addition, allpiping shall be
identified using an accepted means of labeling a d Cauatign Ri&g/cledWater-

Do Not omequivaleatsignage in both Spanish and English.fenced pump
station area, signs shall be posted on the fence on all sides.

A Warning labés shall be installed on designated facilities such as, but not limited to,
controller panels and wagtown or blowoff hydrants on water trucks, hose bibs, and
temporary constructi on Cadion\Reocled®VaterThe | abe
Do Not Drinko or equivalent signage in both Spanish and English.

A Whereclass Aregycledwater is stored or impounded, or used for irrigation in public
areas, warning signs shall be installed and contain, at a minimimch purple
letters (Pantone 512 or equivaleot) 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
r e aChutionfReg/cledWater- Do NotD r i orleduivalent signage in both
Spanish and English.

2.2 Class B Recycled Water

The WWLA operatorshouldunderstand the general difference between Class B and other
classes. If th&VWLA operator is working with Class B recycled water, the details giehmit
andrequirements inDAPA 58.01.17should be understood

Class B recycled water ike second most treated of all the classesthadecond highesh

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 type®p$cincluding edible food crops.
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Class B systems have reduced reliability and redundancy requirements in comparison to Class A
systemsTable2-1, Table2-2, andTable2-3 discuss special requirements for treatmelnlprine
disinfection, turbidity, water parameteesd usesOperator requirements for the treatment and
distribution systenare requiredThis section reviegother requirements found IDAPA

58.0L.17.

1 For disinfectionClassB 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 Blessycled water
also be disinfected following storage.

1 Sampling and analys@f Class B recycled wataredefined in the permit. Generally
there are daily requirements for disinfection samplifige point of compliance for Class
B recycled water for totaoliform shall be at any point in the system following final
treatment and disinfection contact tink®r example, the effluembustbe sampled and
analyzed daily for total coliforrduring periods of applicatiohe sampling frequency
for Class B and @Iss A is similar.

1 Turbidity requirementshall be met prior to disinfecticandcontinuous idine
monitoringshall occuras described itDAPA 58.0117.

A The daily arithmetic mean of all the measurementsrbidity shall not exceed
5NTU and shall notxeceed 1ONTU at any time.
A The turbidity shall be met prior to disinfection

1 Periods of us& ClassB recycled water shall be applied only during periods of nonuse by
the public.

2.3 Class C Recycled Water

The WWLA operatorshouldunderstand the general difference between Class C and other
classes. If th&®/WLA operator is working with Class C recycled water, the details of the peymit
requirements inDAPA 58.01.017 and sitespecific issues relating to health and sagttyuld 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 allowabls ase 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 ldahiable2-1, Table2-2, andTable2-3 discuss special

requirements for treatment, chlorine disinfection, and @gstator equirements for the

treatment and distribution systeare requiredThis section reviesother requirements found

IDAPA 58.01.17

1 For disinfectionClassC recycled water can be disinfected using chlorine, ozone, UV
radiation and other alternative nteads. When other methods for disinfection are used
the permit will define the requirements. It is recommended that @assycled waters
disinfected following storage.

1 Sampling and analysis of ClaGgecycled watearedefined in the permit. Genelgal
there araveeklyrequirements for disinfection sampling. The point of compliance for
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ClassC recycled water for total coliform shall be at any point in the system following
final treatment and disinfection contact time. For example, the effluent msatried
and analyzeaveeHy for total coliform during periods of application.

2.4 Class D Recycled Water

The WWLA operatorshouldunderstand the general difference between Class D and other
classes. If th&VWLA operator is working with Clad3 recycledwater, the details of the permit
requirements inDAPA 58.01.17 and sitespecific issues relating to health and sa$tlguld be
understood

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

primary difference irreatment 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 foresli®assiaises of

Class D recycled watefable2-1, Table2-2, andTable2-3 discuss special requirements for
treatment, chlorine disinfection, and us@perator requirements for the treatment and

distribution systenare requiredThis sectioneviews other requirements found IDPAPA

58.01.17.

1 For disinfection, Clasb recycled wateis disinfectedto a lower level than the other
classes bysing chlorinepr arotheralternative method. When other methods for
disinfection are used, the permit will define the requirements.

1 Sampling and analysis @flassD recycled watearedefined in the permit. Generally
there aranontHy requirements for disinfection sampling. Tipaint of compliance for
ClassD 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 analyzednhontHy for total coliform during periodsf application.

2.5 Class E Recycled Water

The WWLA operatorshouldunderstand the general difference between Class E and other
classes. If th&VWLA operator is working with Class E recycled water, the details of the pefrmit
requirements inDAPA 58.01.17 ard sitespecific issues relating to health and sagttguld 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 tiedecy
water.Table2-1, Table2-2, andTable2-3 discuss special requiremen@perator requirements
for the treatment and distribution systane requiredThis section reviesother requirements
found inIDAPA 58.01.17

1 For disinfectionthereare no disinfection requirements or applieatbliform standards
for Class E recycled water.

1 Sampling and analysis of ClaBsecycled watearenot generally required unless there
are buffer zone issudéisat ae defined in the permit.

10
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1 Public access igestricted withClass E recycled wateand aimals shall not be pastured
or grazed on land where Class E municipal wastewater is applied

2.6 Industrial Recycled Water

The WWLA operatorshouldunderstand the general difference between the classasnofipal
recycled wateand that industrial recycled waiernot classifiedIf the WWLA operator is
working with industrial recycled water, the details of the pemaguirements inDAPA
58.01.17 and sitespecific issues relating to use, health, and satetyld be undersod The
permit requirements are determined on a-tpsease basis and developed for each industria
site.

11
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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 operatomustunderstandhes i t e 0 mermit. RppendXxA containsgeneric
exampla of reuse perm#t The generi@xamplegeflect the differences between municipal and
industrial permitsSome of the differences between municipal and industrial permits intled
following:

1%}

Municipal Permits

T
1
)l

)l
)l
1

Technical, financial, and managerial requirements

Operator certification requirements

Approved lackflow assemliiesor anair gapare required between potable water supplies
and all nonpotable water supplies

Divided intorecycled water classes

Specific infrastructure requirements depending on the class of recycled water
Requirelagoonseepage testing every 10 years

Industrial Permits

)l
)l
)l
1
1

T

Do not have technical, financial, and managerial requirements

Generally @ not have operator certification regpments

Do not requireapprovedbackflow assemblies but typically require backflow devices
Are not divided into recycled water classes

Require lagooneepagédesting on a casky-case basis based on s#jgecificissues and
water characteristics.

May contan limits and conditions to address the specific characteristics of the industrial
recycled water

Facility Information

@ 3.1
The facility information has the permit typecycled wateclass,andtreatmeninethod. The
WWLA operatorshould understand tHacility information TheWWLA operatorshouldensure
that thefacility information in the permit is correatotify the permitteef it is not correctand
inform thepermitteeto update the permit details with DEQnly DEQ is authorized to make

13
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changedo the reuse permit requiremeriffe permitteeis responsible focomplying with all
permit conditionsand may be held liable for violation of permit conditions

3.2 Compliance Activities and Compliance Schedules

Thecompliance activitieandschedules aratility specific requirements of the permit amdst

be completeds stated ithe permit. Th&VWLA operatorshould understand tlempliance
activitiesandschedulesn the permitand keep the permittee informed as necesgariure to
comply with the requirementgould result in the facilitypeing subject to enforcement action
Examples of aompliance activityvould bethe PO, solids managementunoff management
andlagoon seepage testing ptaBuch plansre required to be submitted by specifitedand
require DEQ approvairior toimplementationThe quality assurance projggdan (QAPP)s

also an example of@mpliance activityhat isseltimplementing and required to be in place by
a certain datat is reviewed by DEQ for contepibut thisplan 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) ia portion of the land application site ti@permitted taeceive
recycled waterThe amount of recycled water each MU receives isnedeo in the permit as
thehydraulicloadingrate Each land application site typicaltpnsistof more than on&U.
The WWLA operatormustbe familiar with each of the permitted MEad the associaddimits
and conditionsEach MU may have different loading rates and management praetiges
unique irrigation and cropping practi¢es

Each MU hasssociatednonitoring serial numbe#sMU-XYZ -## management unit serial
number

Other typical monitoringpoint serial numbers are as follows:

SU-XYZ-## soil monitoring unit serial number

WW-XYZ-## wastewater monitoring serial number

SW-XYZ-##. supplementalrrigation water monitoring serial number
GW-XYZ-##. groundwater monitoring serial number
LG-XYZ-##:lagoon monitoring serial number

FM-XYZ-##: flow measuremeninonitoring serial number

= =4 =4 -8 8 9

The associated reuse permit number designaiYZ, and the ## is a twdigit designation for
each monitoring point.

3.3.2 Hydraulic-Loading Limits

The WWLA operatowill need to manage MUs based upgrowing season angiongrowing
seasorhydraulicloadinglimits of the permit for each MU.

14
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3.3.3 Constituent-Loading Limits

The WWLA operatomwill also need to manage MUs based upon the constituent loading so that
permit limits are meandadverse impacts ®oil and ground wateare minimizedThe recycled
water constituents determine the loading that can be applied to eacdmibhost often the

limiting constituent is nitrogen. Constituerteefurther discussed isection3.4.1

3.3.4 Management Unit Buffer Zones

The WWLA operatomwill also need to manage the site émmpliance withbuffer zone
requirements. Deficiencies should be reépdito the permittee for correctiohhe sitespecific
details are in the permitandtinh e fA Recy c | e lDAPA®&8.04.17. Rul es o (

3.3.5 Other Permit Limits and Conditions

The WWLA operatowill also need to read the permit to leatmoutother limits and coditions
appliedto the site, includingoperatorcertificationrequirementsgrowing and nongrowing
seasortime frames reportingtime framedor the annual repartoliform limits (applicable to
municipal systems), crop or vegetation allowg@yzing (grazing requires a management plan,
preapproved by DEQ), fencing, postimad construction plan and specification requirements.

3.4 Reuse Permit Monitoring Requirements

In support of the agendymission, DEQ is dedicated to using and providingeotiye, 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, therédeeQ) gasl to ensure that all
decisions are based on data of known and aabkpquality Monitoring points are specified in

the reuse permiaand monitoring must be done according to the pefiiensure that data and
results will be of the appropriate quality, the QAPP shoulceferencd when taking any

samples. The QAPP shid beused in conjunction with theited BO. WWLA operatordaking
monitoring samples shoukhsurehat a QAPP has been developed for all monitoring and
sampling and that the QAPP is follow&WLA operatos may contact the DEQ regional office
for complance 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

Constituentmonitoringis requiredin bothmunicipaland industriapermits, and each permit will

be unique for the sitepecific issuesTable3-1 is providedbelowto 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 dokimn. 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 poirtskeel in column fourFor example,

Table3-1 shows recycled water from lagoon AB&t the pumpmo. 1 sampling portvith serial
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number WWOXY -01, which samples recycled water to MAXY-01, 02,and03. A grab sample
is taken monthly during periods of recycled water usedtal Kjeldahl nitrogenTKN), nitrate

+ nitrite nitrogen, total phosphorusonvolatile dissolved solids, and chlorided a grab sample
is taken weekly for MLDXY-02 and monthly for MLDXY -03 for btal coliform. A similar table
is includedin each permit issued by DEQ@his table is an exampleach permit will be unique.

Table 3-1. Constituent monitoring.

Monitoring Point

Constituents

Serial Number and Sam_pl_e Sample Type and (Units in milligrams per liter
. Description Frequency : .
Location unless otherwise specified)
WW-0XY-01 Recycled water | Grab/monthly (during - Total Kjeldahl nitrogen, as N

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

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

periods of use)

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

- Chloride

- Total coliform (total coliform
organisms/100 milliliters)

Recycled water
to MU-0XY-02

Grab/weekly (during
periods of use)

Recycled water
to MU-0XY-03

Grab/monthly (during
periods of use)

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

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)

SW-0XY-01 Supplemental Grab sample (May and - Nitrite + nitrate-nitrogen, as N
ABC Canal irrigation water | September of the first and | - Total phosphorus, as P

third permit year) - Nonvolatile dissolved solids
3.4.2 Management Unit and Other Flow Monitoring

To meet the permit requirementseWWWLA operatowill need to accurately monitor recycled
water flows to the reuse site. TWANLA operatormayalso beresponsible fomonitoring
wastewater flows to various components in the treatment jpllant. monitoring datareneeded
to properly manage the reuse site and determine site constaadirtg rates to each MU and
are typically required as part of the annual regeidw calibration requirements should be
addressed as outlined in thian of operation review or QAPPhe site PO (section 4) should
outlinetypical maintenance requirements and frequencies for each flow monitoring device.

3.4.3 Ground Water Monitoring

Thereuse permitay specify ground water monitoringnd theVWLA operatormay be

responsible foground water monitoring it is required inthe permit.Ground water monitoring
provides data that <can be guosne dater as wall aseelaluae e a
ground water quality changes with respecthianges in hydraulic loading and site management.
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The siteQAPPshould outline the ground water sampling procedures for each monitoring well.
The WWLA operatorshouldalso be familiar with well constructi@noughto understand or
recognize any constructiateficiencies or well component degradation that nesylt inground
water contaminatioor impact ground water qualitAppendix B) For example, improper seal,
damaged casing, or improper bermifige WWLA operatorshould clearly communicate to the
permitteeand responsible agencies the well nan@sationsand conditions along with
monitoring needs as specified in the reuse permit \WAA_A operatorshould also understand
which wells are upgradient and downgradient from the application site.

3.4.4 Soil Monitoring

The WWLA operatormay be responsible for soil sampliageach MU as designated by sugl
monitoringunit (SU)in the permit. The site QAPP should outline the soil samgtingach SU.
Section6 of this manual further discusses sdihe WWLA operatorshouldknow the boundaries
of each SUtypically the same boundaries as the Midyl understandnyvariatiors between
each SUn the permit.

3.4.5 Plant Tissue Monitoring

Plant tissues reflect the health and nutrienékegof the crop. ieWWLA operatormay be
responsible fotaking samples and ensuring that crop yields and tissue samples are recorded.
Section6.7 of this manuafurtherdiscusgsagronomyand nutrient uptake.

3.4.6 Lagoon Information

Lagoonsareoftena unit processn wastewater treatment or provide storageréarycled water
Seepageesting of each lagoon aftena permit requiremerdr required by ruleSeepage testing
requirements are specified in new permits. Older permits may not include the requirements and
DEQ should be consulted if there are questions regarding teSgicigon 9 of this manual

further discusselmgoons, lagoon construction, and seepage teStms\WWLA operatorshould

also be familiar witHagoonconstruction requirements to recognize any constmaeficiencies

or lagooncomponent degradation that may resulhicreased lagoon seepageaaylife and

safety issues regarding thmgegrity of thelagoon embankments

3.5 Reporting Requirements

The reuse permit will define the reportirgguiremerg. All data collected need to be submitted
to DEQin the annuateport;however, the minimum reporting $pecifiedin the reuse permift
minimum, records must be retained for the length of permitpyears

3.5.1 Annual Reports Requirements

The annual reporis anarrativesummarythatdiscusseslata collected during the yeand

documents h e f germitlcontpliarics to DEQ'heannual reporshall be prepared by a
competent environmental professional who is familiar with the permitted faaildycan se the
monitoring data to describe the site conditions as they apply to the land application treatment of
therecycledwater.

17



Wastewater Land Application Operators Study and Reference Manual

The WWLA operatorshould know whatlataarebeing monitored and collected foretannual
report based upon the permihe WWLA operatorshould also know and understand why the
data are being monitored and collected to help understaatliateand operate the system to
maintain compliancel'he annual report is a permit requirement with due datdsequired
content that isubmittedto DEQin written form.The permit outlineshe informatiorthatshould
be submitted in thesite-specific annual reparAppendixC providesrecommendations of details
to include in theannual report.

Yearly, thefacility must submit amnnual r@ort, prepared by a competent environmental
professionalno later than January 31 of each year (unless otherwise specified in the reuse
permit), covering the previousportingyear, typically November 1 through October.3he
annualreport includes rests of required monitoring, the status of any compliance activities
specified in the permit, and an interpretive discussion of monitoringaddtaublic complaints
with particular respect to environmental impacts by the facility. All laboratory repmrtaining
the sample results for required monitorangd other sitespecific datare also submitted with the
annualreport.

Annual reporsubmittalsshall includea certification statementvhich issigned, datecand
certified b yespondike officia ormn authoezedperson representing the
responsible officialRefer to your reuse permit for the certification statement language and the
responsibilities it requires.

3.5.2 Emergency and Noncompliance Reporting

The WWLA operatomeeds to know the reporting requirements of the permit and communicate
them to the permittee. The permitiseequired to report all noncompliance incidents to the
applicable DEQ regional office according to the standard permit condiibinsh statetha all
noncompliance events must be reported orally to DEQ within 24 hours and in writing within

5 dayswith anaction plan for correcting the violatioRor emergenciegshe WWLA operatoiis
required to call the 2lhour emergencyiumber ad the appropriat®EQ regional office.

All instances of unpermittedastewatedischarges to surface waters of the United States shall
also be reported tBPA by telephone within 2dours from thdime the permittee becomes
aware of the discharge and in writing withi&s to the following address:

National Pollutant Discharge Elimination Sysfem

Stormwater CoordinatoEPA Idaho Operations Office

950 W. Bannock, Suite 900

Boise, ID 83702

(208) 3785746 or (208) 378 744and EPA Hdine: (206) 5531846

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 pefinépermittees responsible for
complying with the permjtand theWWLA operatoris expected to know arfdllow these
conditions An important condition is how and when emergencies and noncomplianceassues
dealt with andeported by the facility to DR.

3.8 General Permit Conditions

Generalpermit conditionscover those DEQ ruldgbat applyto the permit at the time the permit
wasissued. These conditions cover operations and administrative rules tWatha operator
needs t&know.

3.8.1 Operations

Theseconditions cover the rules associated Vaitility operationsincludingbackflow
preventionpreventing runoff of recycled watdrealthhazardsnuisancesand odor prohibitions,
solids managementemporary cessation of operations and clof@ seepge testing
requirementgwill be marked as reserved for industrial permiés)d ground water qualityhe
WWLA operatoris expected to know arfdllow these conditions.

3.8.2 Administrative

These conditions cover the rules associated with the administrati@npaf the facility,
including permit modifications, permit transfer, permit revocatinlations, and severability
The WWLA operatorshould know andollow these conditions.

3.9 Other Applicable Laws

Other applicable laws or rules that are not enforced by Bia@) 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 includk wg® maintenancgerepair, and abandonment

3.10 Site Maps

Site maps are a part of each peramthelp theWWLA operatorand othes unfamiliar with the

site orient themselves with critical elements of the site. Site maps also h@&fWtha operator

in locatingpotential problemsand explaining to DEQ and otfsaxvhere possible noncompliance
problems exist on sit@and allow oftsite personnel the needed information to solve problems in
a timelymanner These maps include regional and facility maps

19



Wastewater Land Application Operators Study and Reference Manual

This page intetonally left blank for correct doublsided printing.

20



Wastewater Land Application Operators Study and Reference Manual

4 Permit Required Documentsd Plans

Need-to-Know Criteria

Plan of operations

Quality assurance project plan

4.1 Plan of Operations

A PO, whichincludes the O&Mmanual and various permiéquiredfacility plans functions as a
site-specific guide for dayo-day operations of a land applicationsAde f aci | i t yds PO
contain all system components relating to the reuse facility in order to comply with IDAPA
58.01.16.The reuse permit and PO sholle used together in the dimyday operations of the

reuse facility to direct the operation, maintenance, and reporting activities at the land application
site. The O&M manuaportion of the PO contains the physicamponents andperationsat the

facility andmust meet the requiremerdf IDAPA 58.01.17.300.05, and the specific contents of

the Reuse PermiThepermit requiredacility plansportion of the PQontairs the

administrative and sampling requirements for the nonphysical opeyabomalucted at the

facility. The associated sampling requirements are further controlled by a facility. JA&P

WWLA operator should be familiar with the QARB that permit required sampling is reliable

and reproduble. Thereuse permit will require aAPP and associatddcility plans.

Figure4-1 shows the relationship between the PO, O&ilshual, various facility plans, and
QAPP.
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Quality Assurance

Plan of Operations (PO)

Project Plan (QAPP)

Recycled Water
Management Plan

T
;l_/

Irrigation Water
Management Plan

T

Crop Management
Plan

Solids Management
Plan
(Bio/Waste Solids)

Lagoon Management
Plan

Runoff Management
Plan

Odor Management
Plan

Buffer Zone
Plan

Grazing Management
Plan

Emergency Action
Plan

Figure 4-1. Relationship between the PO, O&M manual, various facility plans, and QAPP.
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A PO checklistin DEQ guidancdists the minimum information that shall be incorporated into
the document. A partial list of items in the Ei@ecklist is given below.

1 Organizational chart and operator and manager responsibilities.

1 Copy of the reuse permit and a list applicable rules, statutes, and standards.

1 Facility maps.

1 Generablantdescriptio® Treatment design criteria, wastewater characterizadiod
list of unit operations.

1 O&M manuab Each facility shall maintain an O&Ivhanual contained within the PO
specific to that facility. The OB manual shall be developed and used as an operator
guide for actualdayo-d ay operations to meet requiremen

1 Descriptionoperation, anaontrol of unit operation® Description of process, major
components and mechaniemuipment, discussion of common operating problems and
startup proceduresgndequipment operating instructions with reference to equipment
O&M manual.

1 Wastewater antecycled water storage lago@n®escription and purpose, capacity,
operating instructionsand seepage rate testing requirements.

1 Reuse site features, buffer zone delineatitersging and postings, backflow prevention,

climatic characteristics, soils, topography, surface water, ground \@easerjption of

irrigation systems and operatingtingtions, and determination of hydraudlend
constitueroading rates.

Vegetatio® Describe crops or vegetation tlwétl be usedon each reuse site.

Management plans fdauffer zonesgrazing, controlling nuisance conditions, waste

solids, runoff/ruron, and others as required by the reuse permit

Monitoring activities and requirements.

Maintenancd Preventative maintenance schedule, troubleshooting gudds,

manufacturer6s manual s.

1 Records andeport® Daily operating log, maintenance records, labasatecordsand
reports,andreporting permit violations and accidents.

1 Personnd Staffing requirements and qualifications.

1 Emergencyperatingpland Emergency numbers and emergency procedures.

= =

= =4

All system components should have specification sheets, shdeiats ofthe 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 presenty¥ieA operator should contact
the manufacturers directly.

Typically, equipment will have a specification platéh the company name, location, and
componentnodel or serial numbeManufacturer information on servicing tequipment should
be found in the O&Mmanual If the manufacturer is no longer in business, a logadireservice
may be able to provide service or information. If no informasaavailable, 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 requid per the facility reuse permit. Some example plans and important aspects of each
are presented below.
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1 Grazingmanagemenpland DEQ guidancespecifies under what circumstances livestock
grazingon land application sites is allowed. Prior to any grazinigiies, agrazing
managemenplan must be submitted to DEQ for review and approval. Items typically
addressed in grazingmanagemenplan 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 minimumaiting periods prior to grazing animals on sites
irrigated with recycled water.

1 Odormanagemenpland An odor managemenplan 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 occursnaclud
notification procedures.

1 Wastesolids managemenpland This 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 folldve reuse permit will
discuss the differences between the waste solids and rules that may apply. The waste
solids management plamevens wasteentry, or the entry of contaminated drainage or
leachate into the waters of the statethait health hazarded nuisance conditions are
not createdand impacts$o designated beneficial uses of the ground water and surface
waterare prevented

1 Emergencyaction plansd Emergency action plans cover various situations that may
occur such as transportation spilise sunoff, power outages, major equipment failure,
andbomb threatg(A detailed discussion @mnergencyaction plans is presenteid
sectionl13.6.]).

4.2 Quality Assurance Project Plan

A QAPP is a written document outlining the procedtin@sthe reuse siteuse toensure the data
it collects and analyzes mgmrmitrequirements.

Quality data and information constitute the foundation of infordeszision makingand a
QAPPensursthat the data collected by monitoring projects are of known and suitable quality
and quantityThe QAPP summarizes the data quality objectives of the project and integrates all
technical and quality aspedtsncluding planning, implemeation, and assessméninto a

single document-or example procedures used for collecting and evaluaifitegesht monitoring
parameters shuld be included in the QAPFPhe WWLA operator should consult the QAPP

every time they are sampling.

In support of te agency missio)EQ 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 subjgatrigorous scrutiny. It is, thereforB,E Q §aal to esure that all
decisions are based data of known and acceptable qualdyQAPP must be submitted to

DEQ as a standlone document for review and acceptance to assist in planning for the
collection, analysis, and reporting of all monitoring data in stipgf the reuse permit and in
explaining data anomalies when they occur. DEQ doeapprove QAPPSs 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 reas@(doesot approve QAPPSs is that the responsibility

for validation of the facility sampling data
is not to validate this information as ansite quality assurance officer.

Theformat of theQAPP shouldadhere to the recommendations and references in the Quality
Assurancend Data Processing sections of the Ojtiglance. QAPPs developed using the DEQ
guidance should also agree in substamite EPA6 s  Q ACBres oftheassociatedEPA

guidane documentand example QAPR=an be downloaded or printed fronefiollowing

website http://www.epa.gov/quality/gapps.htmi
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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 operatormustknow what wastewatenonitoringis required and the wastewater
characteristics and loading to appropriately manage the reuse siteushgermit will provide
information on the parameters that are managétednd application site. To properly operate
and maintain &YWLA system, i is necessary to understand the basic characteristics of
wastewater. Although domestic wastewateresdominatel}composed oWvater, certain
constituents contained in wastewadeg important factors in the design, operatanmd
management of reuse laadplication systems.

5.1 Wastewater

Wastewater contains two primary types of wastganicandinorganic

1 Organic wastesriginate from plant or animal sources and can generally be consumed by
bacteria and other organismsdl organic wastes contain carbon

1 Inorganic wastecome from mineral materiglsuch as sand, salt, irazalcium and these
wastesareonly slightly affected by biological activity

The source of wastewater influences the amount of organic and inorganic waste in a particular
wastestreamnf-or example, wastewater from a meat processing plant will contain high levels of
organic wastgwhile wastewater from a gravel washing operation will contain high levels of
inorganic waste.

5.2 Wastewater Physical Characteristics

Physical characteristics ofastewater include color, odor, temperature, taedevelsof solids
presentChanges in these physical characteristics can indicate unmnbuanht (wastewater
entering a treatment systgor operating conditionthatmay influence other factors such as
biological activity
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5.2.1 Color

Rawmunicipalwastevater (prior to any treatmeng usually gray in coloPretreated
wastewater will have a color that indieathe pretreatment systemvastewater treated in a
septic tankwill have a grayblackcalor, but wastewater that has been treated in an aerobic
process will have little coloiThe color of wastewater can also be affected by industrial
contributions to the treatment systesolor contributed by industriypically isnot removed by
the pretreatmensystem Operators should be aware of swctorsdepending upon the type of
facility being managed. Changestbh@ water coloratiotypical of the facility may need
investigation.

5.2.2 Odor

Rawmunicipalwastewater usuallgroduces a musty odagenerally caused kthe anaerobic
decomposition of organic materidlydrogen sulfide is frequently the source of a rottgg

odor in wastewateasind can be a public health concern at relatively low concentra@simsr
volatile sufur-containing compounds, suchragrcaptanscan also cause noxious odorkese
odors are released into the air wiveasstewaters aerate&nd sometimes when the wastewater is
discharged to Endapplication siteAs a point of referen¢genercaptans aradded to natural gas
to impart a detectable odfor leak detection and safety purpases

Other or unexpecteadors, such as petroleum or solvent odors, may indicate abnormal industrial
dischargesOperators should be aware of such odors depending upayypih 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 wWédéiceableincreass or decreasen
wastewater temperature may indicattuence fom other sources such iaslustrial discharge
stormwatey or ground water infiltration

Temperature is an important factommcrobial activity. Up to a point, an increase in wastewater
temperature will increase microbial activitjowever, when wasteater reaches high
temperatures, microbial activity will be inhibited

During land application afecycledwater,high watertemperaturecan also adversely impact
crops. Operators should be awaretemperature variatiordepending upon the type of facility
being managed. Changes to thmperaturegypical of the facility may need investigation.

5.2.4 Solids

One of the primary functions of a wastewatestment system is the removal of soli@®lids
can educe the effectiveess ofvastewatedisinfection systems and clog land application
equipment

Determinng the forms and concentrations of solids present in wastewater sogieieil
informationfor the control of treatment process8slids are divided into several difét
fractions asshown inFigure5-1. The individual fractions are determined through specific
laboratory analysis.
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A
* Water
99.9%
7 N A A
Dissolved
100% solids
Dissolved
solids
Total
solids
A4
Nonsettleable
solids
(colloidal) Suspended
solids
Settleable Milliliters per Liter* in
solids Imhoff cone or milligrams
& per Liter by weight v
*mL/L will not be the same as mg/L ?

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 103C to 105°C (Figure5-2). Figure5-1 representanexample of d-liter

sample otypical municipalWwastewater containingd00 mg of total solids. Thagroportionof
different solids is a function of the wastewater souitds not representative of all wastater
streams. It is expected that industrial wastewater proportions will be differemhtimacipal
wastewatersOperators should be awatet wastewater compositions will vaslgpending upon
the type of facility being meaged.
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Analysis for Total Solids

o || e

Pan of a known Oven at 103°C Pan Dfs_. known
masz (M. filled mazs with the maszs
witha known of solids from the
volume of sample aqueous sample
[.-H"i?u_}"im‘:ids}

Mgt = Mo+ Macgs) - (Mya)

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

5.2.4.2 Dissolved Solids

Dissolved solidor total dissolved solids (TDSalso calledilterable residueare those solids
that will pass through fter with a nominal pore size of 2r@icrometes (mm). TDS include
both organic and inorganic fractions.

1 Total dissolved inorganic soli@gsethe inorganic fraction of the TDS

1 Volatile dissolved solids (VDSjre the solids that can belatilizedand buined off when
TDS are ignited (500 + 5TC).

1 Nonvolatile dissolved solgl(NVDS) arehe difference between TDS and VO$MDS
=TDSi VDS).

Removal of dissolved inorganic solids from wastewater is difficult to achieve in standard
municipal wastewater treaent systemsso @ncerns with langpplying wastewaters that have
high concentrations of dissolved solids inclitlethe potential for increased levels of dissolved
solids inground wateand(2) the potential for adversely affecting soil properties dnat
important to land application operatiomsdustrial effluentypically contains more dissolved
solids than municipal wastewatém.reuse permits,issolved solidarefurther defined into the
categorieglescribed in the following sections.

5.2.4.3 Suspended Solids

Suspended solider totalsuspended solids (TS&]so callechonfilterable residugare the
portion of total solids retained by filtratigiigure5-3).

Volatile suspended solids (VSS) are the solids that cawlaglizedand burned off when TSS
are ignitedat 500 £ 50°C (Figure5-4).
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Nonvolatilesuspended sals (NVSS) arethe difference between TSS and V3&/ES= TSSi
VSS).

Suspended solids can be removed fromaatewatestream by physical, biologigand/or
chemical processeghese solids are classified as eitbetteableor nonsettleablécolloidal),
depending upon their size, shape, and density (weight per unit volde@)ier, more dense
particles tend to settle more rapidly tHeyhter, less densgarticles

Raw wastewatesettleable solids concentrati@nan important factor for the desighsettling
basins, sludge pumps, and sludgadling facilitiesMeasuring the amount of settleable solids
enteringthe treatment unitllows calculation of the solids removefficiency of the treatment
unit. Setteable solids argypically measured usingnIimhoff cone An Imhoff cone is a clear
coneshaped container marked with graduations. The cone is ussghiure the volume of
settleable solids in a specific volume (usudlliter) of water or wastewater

Separation of Dissolved and
Suspended Solids

Sample + DI rinse water

— v

—_ =

Sample of a known
volume containing

all solids (Vyemgi)

—>

Filter of 2 known
mess (M)

L]

H; 0O from sample

Enown volume(s)
of DI rninse water

(Voo

DI rinse water
Filtration Apparatus

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

Equation5-1 can be usetb calculatehe weight of nonsettleable solids

Weight of Weight of Weight of Weight of
nonsettleabl = Total - Dissolved - Settleable
Solids Solids Solids Solids

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

In Figure5-1, the nonsettleable solids concentration is shown as 70.mg/L
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Concerns with the land applicationretycledwaters with high concentrations of suspended
solidsinclude(1) the potential for reducing the infiltration capacity of the soil (clogging the soil)
(2) the potential for damaging tkkeopand (3)the potential for premature or frequent clogging

of irrigation filters and irrigation equipment (especiallpglon filters and sprinkler nozzles)

Analysis for Suspended
Volatile and Non-Volatile Solids

—>

Filter of a known mass
(Mg, ) with mazs of
suspendad solids (Mlz:)
and water (W)

> ===

Filter of a known mazs
with mass of suspendesd
solids (Mg, + Maz)

(Mez) = (M + Mz - (M)

=0

Filter of 3 known mass
with mass of suspended

solids (Mg, + Mez)

Furnace at 550 °C

TR

—=>

Filter of a known mass
with maszs of non-
volatile suspended
zolids &im_li:\'\'gg}

(Mynze) = (lge, + Myrees) - (Molge.)
(Mrzg) = (Migpe + Miaz) - (Mg + Mipyas)

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

5.3 Other Important Wastewater Characteristics

Other wastewater characteristiogportantto land application site managemertliude
pathogenic organismbjochemical oxygen dema@@OD), chemical oxygen demaii@OD),
dissolved oxyge(DO), nutrients, metals, persistent organic chemicals, pH, and salts.

5.3.1 Pathogenic Organisms

The WWLA operatorshould know what pathogens amedhow they are regulated in the permit.
DEQ uses an indicator (the numinétotal coliform bacteria) for determining the potential for a
sample to have pathogenic organisms prespdratos need to understand thatal coliform
bacteria levels are an indication tpathoges 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.@atishof theg
are not harmful to humanand some of them are helpful in wastewater treatment processes

Diseasecausing microorganisms are callgathogensandtheyinclude bacteria, viruseiingi,
helminths andprotozoaPathogens cause disease in other organisowever, nball pathogens
are disease causing in humaBsamples of diseases that may be spread through wastewater
dischargeso humansre typhoid, cholera, shigellosis, dysentery, paia hepatitisPathogens
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can lead to diseaskowever for apathogen to cause disease, it must have a susceptible host, a
pathway of exposurend there must be an infective dose. Without these three elements, disease
cannot occur. Wastkatertreatment, reuse metho@sd management practices asedto

address om or more of these elements.

Many pathogenic organisms &ided during the normal treatment procesdesvever,

sufficient numbers can remain in tefluent(treatedwastewater leaving the treatment system)
to cause a threat to any downstream use imgliiuman 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 pathogénstead, indicator bacteria are commonly
used tadentify the possible presencémathogens

Somebacteriacommonly usedsindicators aretotal coliform bacteriafecal coliform or

Escherichia coliTotal coliform bacteria are always present in the digestive systems of humans
and warmblooded animaldf there is a largeoncentration of coliform bacteria present in
wastewater, the potential for the presence of pathogens isTioigth coliform bacteriare

typically reduced in number during normal wastewater treatment proc&€esascoliform
bacteriaareusedas theprimaryindicator of potential pathogensmmunicipalrecycledwaterin

Idaha The reuse permit magpecifytotal coliform or another organisas the pathogen potential
indicator.

5.3.1.2 Removal of Pathogens

Wastewater treatment processes remove pathogenic orgamisev&ral ways: physical removal
through filtration and sedimentation, natural-dféof organisms because of unfavorable
environments, and destruction of organisms by disinfedi@infection processdsirther

reduce pathogen levels of the recyalesterand the requirement for municipal recycled water is
based upon the recycled water clgBssinfectionis discussed in more detail section8).

5.3.2 Biochemical Oxygen Demand and Chemical Oxygen Demand

The WWLA operatorshould know what biochemical and chemical oxygen demand are and
understand the loading limit of the parameter on the reuse site.

BOD measureshe ratethatmicroorganisms use oxygen to stabilmebreak dowr{oxidize)the
organic matter in wastewatbiologically.

1 High levels of BOD indicate high levels of organic matter in wastewaher typical
range of BOD imunicipalwastewater ranges from 100 to 300 mg/L of BOD

1 BOD is measured usingtaochemical oxygen demand teatprocedure that measures the
amount of oxygen used by a wastewater sample incubated@tfa05 days The
amount of organic material measured is referred 8Qi3s, referring to thé-day length
of the test

COD meastes theamount of organic matter that can be broken down (oxidized) chemically
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1 COD canestimate the amounf organic matter in wastewateronly 3 to 4 hours, rather
than theb days required for the BORestandcan be used as an alternative

1 The COD test measures theygen equivaler(tn milligrams peiliter) 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 brokés down
bacteriaCOD results are not directly related to B@Blowever, COD can be used as a
means of rapidly estimating the B@0f a sample if BOBto-COD ratios are developed
for a particular systen€OD results are typically higher thétme BODs valuewhen
enough oxygen is presdmcausehemicalCOD) arestrongerand can break down
(oxidize) organic mattemorequickly than biological organisms (BODJhe ratio
between the two will vary from system to systdine BOD-to-COD ratio is typically
0.6:1 for raw domestic wastewater and may drop to as low as 0.lalvieitstabilized
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 survivairaerobicconditions (without oxygen), many of

the beneficial microorganisms that stabilize wastewater reganabicconditions (with

oxygen).

The amount of oxygen that can be dissolved in water dspennperaturé as water

temperature increasd3O content decreases and vice vérsand he distribution of oxygen

within a lagoon(or pond)will determine whether the treatment processes involved are aerobic or
anaerobicMaintaining adequate oxygen levels alkothe biological process to take place and
prevents objectionable odotow DO concentrations (less than M@/L) can indicate

inadequate aeration or an excessive amount of organic material entering the system

DO is measured using an oxygen metquiged witha membraneovered probeProbes
require careful cleanin@nd meters must be calibrated routinely to ensure accuracy

5.3.4 Nutrients

A nutrientis any substance that promotes growth and can be taken up by platmtsror
organisms. Wastewater gendralontains nutrientssuch as nitrogen, phosphorus, potassium,
calcium, magnesium, iron, and sulfur a land application systemecycled watecan provide
essential nutrients to cragépresent at excessive levels, however, some nutrientsezame
pollutants.

The WWLA operatorshould know what nutrients need to be managed on the reuse site and
understand the loadingte limitations

5.3.4.1 Nitrogen

All life -formsrequire nitogen compoundsuch as proteins and nucleic agidssurvive. The
largest source afitrogenis the air we breatdd approximately 78% of air is nitrogen gasjN
but most organisms cannot use nitrogen in this fdost dantsreceivetheir nitrogen in dixed
form (i.e., nitrate iongNOs], ammonigNH3], and ured2(NH,)CQ]), and animals receive their
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nitrogen from plantsThere is a class of plantalled legumeshat use nitrogen from the ao
meet nutritional requirements. Alfalfa, one of the most common crops at reuse sites, is a legume.

The nitogen cyclgFigure5-5) describes the reactions that nitrogen may und@&emgen

starts as a gas gNin the atmosphere and is transformed into other forms of nitrogen through
nitrogen fixation. Nitrogen is fixed naturaltiiroughatmospheric fixation (by lightning) or
throughbiological fixation(by certain microbes living alone in the soil or in a siotib
relationship with plants in thegume family, such as soybeans and alfalfa, oregumhe plants
such as alders). Nitrogen is also fixed industrially in the production of fertjlimarsh consist

of ammonia, urea, and ammonium nitrate NBs). As plants and animals dierganic forms of
nitrogen are returned to the environmevtiere microorgaisms converthe organic nitrogen to
ammonium Much of the ammoniand ammoniunproduced by decay and masesiare further
broken downby nitrifying bacterianto nitrite ions NO,-) and then into nitrate ior{hOs-),

which are available to plants. The nitrogen cycle is completed when denitrifying bacteria convert
nitrate ions back into atmospheric nitrogen.

Nitrogen in wastewaterogurs in four different formsorganic nitrogen, ammonia (NHor

ammonium KHz"), nitrite NO,), and nitratelOz). In raw wastewater, organic nitrogen and
ammonia levels are generally higher than nitrite and nitrate |eu@leins, polypeptides,

nucleic acids and urea, and numerous synthetic organic materials in wastewater contribute to the
organic nitrogenThenitrogen cycleeactions are important becaus&ogenis a potentially

serious pollutant in wastewat@nd its behavior iand benefits ta wastewater land application
systemarehighly dependent owhich formthe nitrogens in when applied to the site.

In the nitrate form, nitrogen becoma$ighly mobile anionin this highly mobile formwhen

the soil nitrogen concentration excegasnit limits, nitrates can bbeneficial or cause adverse
impactsdepending on how the land application site is loaddtiel&oil nitrogen concentration
exceedshepermit limitsfor crop uptake, thexcessitrateswill be carried below the ro@one
whereit may adversely affeground watequality. Therefore, the site must be operated to avoid
exceeding the permit nitrogen limits.

Total nitrogen is the sum of organic nitrogen, ammonia, nitaitd nitrate TKN is the sum of
organic nitrogen and ammoniBypical 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 ammoniaPlantavailable nitrogen (PAN) is nitrogen that exists in fo(idbl;" and
NOz3) 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 growthand reproductioiiFigure5-6). Phosphorus can be present as orthophosphate,
polyphosphate, and organic phosph@teese forms are often measured in combinatiotgtak
phosphatdtotal phosphorus)n 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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The Phosphorus Cycle
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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 caraccumulate in soils and become toxic to plants, hupaarasother animals

Metals of concern include cadmium, copper, lead, nickel, zinc, selenium, arsenic, mercury, and
molybdenumCadmium, arsenic, chromium, and mercury are extremely toxic; nickel,
molybdenumand 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 waséew@ay be very high in metal
concentration.

The primary concern with using soil to assimilate heavy metals is thatietgk are stable and
often resist weathering and decompositidlthough pants generally resist the uptake of metals
from the soil their accumulation on plant leaves through irrigation may permit them to enter
various food chainsvherethey become part of the life cycle of soil, plants, animals, and
humans, accumuliaig in animal and human body tissue to toxic levélss situations

especially critical for humansvho residat 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 envircFimeent
permit will specify monitoring for metals and the site is to be managed sihéhatis 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 manyTyes®persistent

organic chemicalgan reach the soil in many way$ey aresometimes a component of

pesticides (insecticides and herbicidestheymay be found in the wastestream that is being
treated at the land application siersistent organic chemicalse also found where old

underground storage tanks have leakedfeim products into the soil

With a municipal or domestic waste source, persistent organic chemical concentrations are likely
to be extremely low, or nonexisteithese chemicals may be present in higher concentrations,
however, in an industrial wastewsoe Like metals, persistent organic chemicals can be toxic to
animals and humans.

53.7 pH

pH is the measure of the concentration of the hydrogen ionsr(ld solution A pH of 7 is
neutral, while a pH reading below 7 indicasesdic conditions and a pH reading above 7
indicatesalkaline (basic) conditions The pH of domestic wastewater typically ranges from 6.5
to 7.5, depending on the pH pdtablewater in the service systeiignificant departures from
these values may indicatedunstrial or other nondomestic discharges

In land application systemBacteria may perform wastewater treatment in pretreatment units
and in the soilThese bacteria prefemeutralpH (or 7) for besperformanceAny rapid increase
or decrease in pH nacause 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, sodiand manganese altee most commosoluble
salts(ionic compounds) that apFesenin wastewaterSomeof thesaltsmay be removed during
wastewater treatmer®ther salts, such as ferric chloride and glare sometimes added to aid
in wastewater treatment.

Soluble salts, especially sodium (Naare important constituents of wastewat#henwater
containing high levels of sodium or other salts is lapplied, there may be some swelling of
clay minerals, which can reduce water movement through thé eaikemphasize this pojnt
saltsreduce both infiltration (at the surface) and water movemeodigih the soil (under the
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surface).This tendeny occurs when the ratio of sodium to otlkations(positively charged
particles) is highThis relationship is called thedium adsorption rati(SAR) of a wastewater
sample or soil extracFor recycled wer with high levels of sodium or SAR, the soil conditions
should be routinely checked for infiltration probletaspecially with heavy clay soils)

5.4 Hydraulic- and Constituent-Loading Rates

Three factors must be considered for loading rates: hydiaatiing rate, constituerdoading
rate, and landimiting constituent; these factors are discudseldw. Othersources of water
(e.g, supplemental water) may addthe overalhydraulic and nutrieMoading rates

5.4.1 Hydraulic-Loading Rate

Forland application systemihe hydraulicloading rateis the combination cdll water
(precipitation recycledwater, andany additionalrrigation wate} applied to a land application
site. Example units of measurementludegallons per acreandacre-inches (An acreinch is
the volume of watecoveringl aae of land to a depth of 1 inch and isiabto 27,154 gallons

Reusepermits specify hydraulipading rate limits for thgrowing seasoandnongrowing
seasonNGS) A si t eds g r idewtified gy climate soaditions, shich vary
throughout the stat@ypical growing season dates are April 1 through Octobeargd typical
nongrowing season dates are November 1 through March 31

The growing season hydrauligading rate is typically szified to besubstantially athe
irrigation water requiremen{IWR) of the crop (thevaterrequirement of the cropThe
calculation methodology for the IWR is coveredsattion14.

For those permitallowing NGSland applicationthe NGShydraulicloading rate is generally
limited tothat given byEquation5-2.

Maximum (NGS Available Water Evapotranspirati Average
Hydraulic Loadir = Holding Capacity + in thF()a NGS P i Precipitatiol
Rate of the Soil in the NGS

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

An important objective o& land application system is to assimilate and treat all apetgdlied
water, supplemental irrigation water, and expected precipitattmnprinary concerns with
hydraulic overloading atland application sitareleaching ofcontaminantsnto theground
waterand surface runofilong with a reduction in biological activity in the soil due to saturated
soil. Surface runoff causes soil erosion dad the potential to impact nearby surface waters.
prevent runoff from a land application sitgdinaulic-loading rates should not exceed the soil
infiltration rate.

For sites that landpply during theNGS it is particularly critical in winter months twot exceed
the soil infiltration ratgo prevent leaching afontaminant®elow the root zone and to prevent
runoff from the site that may be acceleratie@ to freezing conditions and ice build@uring
thegrowing season, the health of the cropyrbe adversely affectedth either excessively high
or low hydraulieloading ratesHydraulicloading rates above permit rates must be avoided to
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prevent leaching afontaminants$o the ground water and runoff. @tactthe 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 operédictgrsat a land application site
Constituents that artypically evaluated includdtrogen, phosphorutVDS (salts) and COD

The loading rates for nitrogen, phospho¥DS, and COD are defined as the rate at which
these constituents are applied to the sibading rates for nitrogephosphorusand NVDSare
generally given in pounds per acfdie COD loading rate is generally evaluassdan average
daily loading rateffounds per acre per dgyduring the growing season and nongrowing season.

5.4.2.1 Nitrogen

The assimilative capacity foiitrogen(N) is an important part of a land application treatment
systembecause it may be a health concern if it leaches to ground water and violates permit
requirementsNitrogen removal can be very efficient in a soibp systemEfforts must be

made however, to control the leaching and runoff losses of nitrogen compdbonditions of

rapid water movement beyond the root zone, which can occur with excess water application to
soils, can lead to leaching and increased nitrate level®und wateragproaches to mitigating
such effects include the following:

1 The basic approach to reduce leaching is to haves thhapuse nitrogeat the rate
applied Thisapproachwill help prevent excess nitrate accumulation and potential
leaching problems and subseqtground watepollution.

1 The basic approach in controlling runoff is to apply runoff control technologies including
hydraulicloading rates not exceeding the soil infiltration rat@form sprinkler
application and using runoff control structuresich as berms and ponds.

1 If nongrowing season applicationaowed,the goalis toretain the nitrogen applied
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 nutriéins also a major contributor of pollution to streams,
causing algae blooms, |oO, undesirable plant growth, and fish kilRhosphorus can reach
streams by runoff from land application sites or by inflow from aquifer recharge of the stream
(ground waté'surface water interconnectigmpitigation strategies include the following:

1 To protect surface waters from the effects of excess phosphorus, surface runoff and deep
percolation of phosphorus must be contralled

1 Surface runoff concerns may be preverdeditigated by applying runoff control
technologies

1 Phosphorus impacts to surface water from deep percolatiogranad water
interconnections may be prevented or mitigdtgdanagng the phosphorutoading rate
and phosphorus accumulation in thd.soi
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5.4.2.3 Chemical Oxygen Demand

COD is a common measure of organic matengland appliedMostreusepermits in Idaho

have a maximum COD loading rate of Blelcreday, averaged over the growing season. If
nongrowing season application is allowed, the A@4daling rate is normally limited to

50Ib/acreday or lessSoilsare a good medium for the assimilation of the organic matter in
wastewaterExcessive COD loadings, however, damt infiltration as a result a$oil clogging,

create anaerobic condins,and r educ e t hreatrexyicledeatesClogding | i ty t o
generally occurs in the top few inches of smitl reduces water infiltration rates and can lead to
higher runoff ratesAnaerobic conditions tkice aerobic treatment procesardmay caus@dor
problems

5.4.3 Land-Limiting Constituent

Wastewater froomostdomestic and commercial sources contains low concentrations of
nitrogen, phosphorus, COD, and other caunstits such asIDS. For these wastewater streams,
the amount ofecycledwater thattan be applied to a treatment site is typically limited by the
hydraulicloading rate lfydraulically limited) based on crop water requirements

With higher strength wastewaters, however, the amount of applied water may be limited by the
amount of nitroge, phosphorud\VDS, or COD, for example, in theecycledwaterstreamThis
land-limiting constituenthen dictates the amounti@tycled water that may be land applidd

these cases, sites typically use supplemental irrigation wasastioe the crofs 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 operatormustknow what soil and crop monitoring is required to appropriately
manage the reuse site. The final treatment component of apgafidationsystem 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, wethanaged land application systems can benefit thesaplsystem.

6.1 Soil Components and Profiles

Soil characteristicemportantto landapplication include composition and profile.

6.1.1 Soil Composition

Soil is a porous mixture dhe followingcomponents

Organic material (highly decomposed plant and animal maféuahug)
Mineral material (weathered rock, sand, sitid clay)

Water

Air

= =4 =4 -4

A mediumtextured mineral soil contairspproximatelyone-half soil solids (mineral and organic
material)and onehalf pore space (air and wateFhe volume occupied by each component in a
mediumtextured soil is approximately6%i 49% mineral matter, @i 30% air, 20%i 30%

water, andl%i 4% organic matterKigure6-1). The relative proportions of these components
vary within any given soil and from sod soil, andtheyare important factors to consider when
evaluating a soil folandapplicationpurposes.

The amount of pore space in a soil determines the volume of air or water that can occupy a given
soil. As rainfall orwater 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 sailThis filtering capacity makes soil an excellentdien forrecycled
watertreatment

AIR MINEI
20% - 30% 46% - £

Pore
Space

Soil
Solids

ORGANIC
1% - 4%,

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

6.1.2 Soil Profiles

Soil is a threedimensional bodyresulting from the physical, cheraicand biological
weathering of bedrock, or from the accumulation of materials weathered elsewhere and
transported to a sités soil develops on the landscape, distinct layarbands are formed
parallel to the earth's surfadéhese layers or bands are caked horizons

Soil horizons are soil layers that differ from the overlying and underlying layers in some
property, such as color, clay contaartdabundance of cracka soil profileis a vertical slice of
the soil showng the different horizons and their thicknelSgy(re6-2).
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Figure 6-2. A typical soil profile and horizons (modified from Brady 1990).

Horizon designations differ from country to countirythe United Statesoil horizons are
designated by a code of letters and numbers developed by soil scientists of the National
Cooperative Soil Surveylaster horizonsre major layers designated by capital lefteush as
O, A, E, B, C, and RThese master horizons asfollows:

1 O horizond Dominated by organic material from plants and anin@lsorizons are
usually present on the soil surfaegcept in the case of peats and myueksere the O
horizon extends almost to the bottom of the soil.

1 A horizond Present at the sadurface or just below the O horizérhese horizons may
contain some organic material mixed with mineral mateiadperties of an A horizon
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may reflect plowing, pasturingr similar activitiesThe Ahorizon is generally the zone
of maximum biologicahctivity in a soil.

1 Ehorizond Characterzed byloss of clay, iron, and aluminum oxidgem leaching sand
and siltsized particles of resistant minerals, such as quartz, ref@re horizon is
generally lighter in color than the overlying A horizon

1 B horizond Exhibitslayers of accumulation of clay, iron, and aluminum oxides that have
migrated from overlying E horizon$he B horizon reflects the subsurface layer of
greatest development for that particular profile.

1 Chorizond Consist of unconsolidategartially weathered material that is neither rock
nor soil Little to no biological activity takes place in this horizdime upper portion may
become part of the B horizon as weathering continues.

1 Rhorizond Consists of underlying bedrock may not occuin coastal plain soils or
other soils formed in transported material, such as floodplains.

Soil profiles with similar characteristics or properties are classifiedsas series A soil series
includes soil that has developed from similar materialspaodessegesulting 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 seri@se foundn the United States alon&he
characteristics of the B@eries present at a proposed treatment site will determine if the site is
suitable for the application oécycledwater.

6.2 Soil Physical Characteristics

A number of physical soil characteristics affeettertreatment at a land application sitghile
same of these characteristics can be altered, others c&iysical characteristics incluttee
following:

Soil texture

Soil structure

Organic matter content

Soil depth

Soil color

Soil drainage/wetness

Topography and landscape position

= =4 =4 -8 -4 _-9_-°

6.2.1 Soil Texture

Themineral particles in a soil are divided by size into three groups: sandnsiitlay Figure
6-3). Soil texture refers to the relative proportiorsahd, silt, and clay in a given sdihe
diameters and characteristics of these soil particles are describaiolé®-1.
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e : )
Clay Silt

! 2mm |

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 Size

- General Characteristics
(millimeters)

Particle Type

Sand 2.010.05 Individual grains visible to the eye, gritty when
soil is rubbed between the thumb and fingers.
Silt 0.051 0.002 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 DepartmeftAgriculture (USDA) currently recognizd® distinct textures

or textural classes, as shown in the USDA $eitural Triangle Figure6-4). The three sides of
thetriangle are broken into percentage uniisl@%) of sand, siland clay To use the triangle,
locate the percentage of clay and project inward as shown by the Bilwdikewise for the

percent silt (or sandYhe 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 gsanssilt, clay, andloam

Note that all of the textural classes contain some sandyrsiliay. For example, a soil
containing over 5% clay-sized particles is considered a clay soil regardless of the fact that it
also contains significant proportions of sdhd sanesized particlesThe remaining eight
textural classes are combinations of two or three of the major groups.

A texturalclass can consist of one, two, or three naf@&sses with two or three names, such as
sandy loam or sandy clay loam, fall in between the major grdineslast word in the name
always represents one of the four major grolipe first or the first and send words are
modifiers that tell where the soil texture lies on the triangle relative to the other major.groups

For example, aandy loams a loam that is sandit lies on the side of the loam nearest the sand
group Focusing orthe 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 ghogveers to
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guestions such as "What contains more sarsandy loam or a loamy sand?" skidhkenbe
obvious.

Texture can be determined in a laboratory using either sieve or hydrometer aSadysis

analysis is based on physical passage of soil particles through a series of standard mesh screens,
while hydrometer analysis is based on variaim settling time for the different soil particle

sizes Texture can also be determined in the field by usingablemethodFigure6-5).

Texture s an important soil characteristic because it strongly influences the retention of water,
nutrients and pollutantsCoarselytextured soils, such as sands and loamy sands, have large
spacesrfiacropore¥ between their soil particleg/ater and air pass thmgh these macropores
rapidly. Therefore, coarseliextured soils are usually wedkrated and wellrained However,

water often passes through these soils too quickly for significant treatment tolo@mldition,
these soils may not hold sufficient t@aand nutrients to support a healthy vegetative céver
poor vegetative cover can result in an increased potential for erosion and reduced uptake of
water, nutrientsand pollutants
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START

\4

Place approximately 25g soil in palm. Add water dropwise and
knead the soil to break down all aggregates. Soil is at the
proper consistency when plastic and moldable, like moist putty.

Y

T

yes

Does soil remain in a ball when squeezed?

—no—»

Is soil too dry?

yes

—no—>»

Add to dry soil to
soak up water.

A

yes

Is soil too wet?

Place ball of soil between thumb and forefinger gently pushing the soil with the thumb,
squeezing it upward into a ribbon. Form a ribbon of uniform thickness and width. Allow
the ribbon to emerge and extend over the forefinger, breaking from its own weight.

Y

_no+‘

Lé) :m)y no—| Does soil form a ribbon?
|
yes
Does soil make a weak Does soil make a medium Does soil make a
ribbon less than 2.5 cm | ——no—»| ribbon 2.2-5 cm long —no—> strong ribbon 5 cm or
long before breaking? before breaking? longer before breaking?
| I [
yes yes yes
Excessively wet a small pinch of soil in palm and rub with forefinger.
Y Y Y
SANDY _| Does soil feel SQ&RY yes— Does soil feel yes] Does soil feel
LOAM YT very gritty? LOAM very gritty? very gritty?
1 I I
i v
_| Does soil feel Does soil feel Does soil feel
Y€ very smooth? Y&$=1\ery smooth? yes— very smooth?
I |
Neither Neither Neither
ol grittiness nor grittiness nor rittiness nor
€-yes smoothness Y& smoothness yes— gsmoothness
predominates. predominates. predominates.

Figure 6-5. Diagram for determining soil textural class by feel (modified from Thien 1979).
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Finely textured soilssuch as clays, sandy clays, and silty clays have smaller spacespore$
between soil particle®ue to cohesive and adhesive forces, microporesviater, nutrients and
pollutants more tightly than macroporéfierefore, water tends to move into and through finely
textured soils more slowlyWastewater may pond on the soil surface, causing ruhafsandy
soil horizon is underlain by a clayey hayn, wastewater may move into the sandy surface
horizon but not through the clayey subs@ilater mayperchon top of the clayey horizon and
move laterally, emerging downslope and causing runoff

Therefore, when evaluating a soil fandapplication, theexture of all the horizons needs to be
considered. Water movement, treatmant plant rooting patterns are often influenced by
several horizongVany problems associated wiindapplication can bpredictedby

determining soil textures throughout thefile.

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 sepattatesddition of organic matter
will not change the solil texturbutit may changehe way the soil feel$However, modification
of soil texture is not practical on a large scale.

6.2.2 Soil Structure

Along with solil texturesoll structureis one of principle factors that influences the rate of water
movementSoil structure refers to the arrangement of individual soil particles (sand, silt, and
clay) into more complex aggregatespeds These peds can be separated from each other along
natural planes, zongar surfaces of weakness into distinct units

Pedunits may be granular, blocky, subangular blocky, columnar, prismatic, or pigtyr€6-6).
Soils that do not form structural units, such as very saoily, are considered structureless

Soils that danot naturally separate into structural units, such as very sticky clayey soils, are
considered to have massive struct@eanular structure is often present in the A and E horjzons
while other types o$tructure 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 movemgnoth into and through the soBecause water moves
primarily between peds, soil structure can modify the influence of soil texture on water
movemennt

1 As previouslydiscussedwater movement in fineltextured soils can be very slpiaut

clayey soils withwell-developed blocky and subangular blocky structure can transmit

reasonably large volumes of water between pattgyugh these soils are finaigxtured
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1 Infinely textured soils with massiwaructure (the clay is so sticky that individual peds
do ot form); water movement can be expected to be slow and restvuteer
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 pattlofestunately,
changes in soil structure are usually negativitnely textured soils are traveled with heavy
equipment, tilled, or otherwise worked when wet, soil aggesgate destroyed and macropores
disappear, resulting soil compactionin this condition, water and air cannot move through the
soil. Even after the soil dries, structure remains destrdyexvery important to keep heavy
equipment off of land applit@an fields when wet to avoid compacting the soil.

6.2.3 Organic Material Contents

Soil organic matte(humus) is composed of decomposing plant and animals and waste materials
produced by soil microorganismBhe organic matter content of most mineral soilgeiserally

less tham%. However, organic matter serves several important functions keregtreatment
systems:

1 Organic matter promotes soil structure formation in fiestured soilsGood soil
structure aids water movement in soil by increasingtte space.

T I'n sandy soils, organic matter helps fill
water, nutrientsand pollutants, thus increasing its treatment potential.

1 Organic matter is a food source for soil microorganigvtisrobial activty, in turn,
produces waste products that promote soil structure formation.

1 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.

T Organic matter has a high negative charge,
nutrients and pollutants

6.2.4  Soil Depth

Soil depth refers to thiaickness of the soil horizons, from the soil surface to a depth that
restricts plant root growth or otherwise limits biological activitige plant rooting depth or root
limiting depth (whichever is less) is generally used to determine the hydraulioddauits in a
reuse permit and is also used by the operator to design and manage irrigation schiadules.
limiting depth is often caused by a restrictive horizon in the Aaistrictive horizon could be a
seasonal or permanent water table, layera¥veg, weathered or unweathered bedrock, chemical
change, or soil structural change that limits the depth of biological activity.

Soil depth is importarfor the following reasons

1 It determines the volume of soil that is available for the treatmestytledwater.
1 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 predicivsdér relationships in a soil
profile. Soil color is an extremely useful tool when evaluatingefsit suitability as é&nd
treatment system.

Soils that are well drained typically have rather bright colors due to oxidized or ferric ifdn (Fe
Ferric iron imparts a reddish/orange color to the ¥gkien soil drainage is impedezhd the soill

is saturated, the ferric iron contained in the soil is chemically reduced to ferrous ifon (Fe
Ferrous iron is soluble in wateand 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 catétingusually develops
Mottled soils generally contain bright orange and red areas mixed with light grayTdrese
mottle patterns are impressed upon the original backgreumdatrixcolor, 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

1 Bright, uniform colors indicate that a soil is well drained and that a seasonal high water
table is not preseifior a significant time during the year

1 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 seasongt kvater table.

1 Soils with gray mottling near the soil surface are not generally suitable for land
application becaussaturated soitonditions are not conducive to land treatmeray
move constituents to ground watand may limit the type of planteé adversely impact
plant health.

Soil color is determined by using an international color standard/ansellsystem This

standard was developed to describe colors and to avoid confusion that can arise by describing a
color as simply red or yellovlrhe Munsell system uses three components of color to describe
coloration within a sod hue, valugandchroma

1 Hueis the dominant spectral color (reddyellow).
1 Valuedescribes the degree or darkness or lightness
1 Chromarefers to the purity or strengtt the color

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

6.2.6  Soil Drainage/Wetness

Soil drainageor wetnessefers to the depth of the water table and to the period of time a
particularpart of the soil profile is saturatedl soil may be classified asgell drained
moderately well drainedgomewhat poorly drainegoorly drained orvery poorly drained

Poorly drained soils have a water table at or within 12 inches of the soil sunfamedt 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 the landscape.

Poorly drained and very poorly drained soils are not generally considered suitable for land
application for several reasons:

1 Wet soils do not provide adequate treatment capamsity waste constituents may move
directly to ground water

1 Seasonally wet soils may limit the type of plants that can be grown on the site and can
impact theguality of the vegetative cover

1 Wet soils are subject to compaction by equipment traffic that destroys soil structure and
reduces the infiltrative capaciof a site

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

Consequentlyalthoudh a soil might beoarselytextured ad relatively easily drained, a high

water table due to landscape position can render the soil poorly didiaedutlet or a drainage

system is provided for soil water, then this poorly drained sandy soil may be maddisdver,

installing any type oflrainageway or drainage system at a land application site is not
recommendetiecausé¢ t coul d be a violation of the syste

6.2.7 Topography and Landscape Position

Topographyrefers to the configuration of the land surface and is usueliget by the slope of
the land ¢teepness)andscape positiorefers to a specifisettingon the landscap&xamples
of landscape positi@include the following

1 Uplandor ridgetop
Sideslope
Shoulder slope
Footslope
Depression

1 FHoodplain

T
)l
1
1

Thetopography 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 bbagea and whether land

application is even possibleand application is generally natceptable on steep slopes. Fields

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

Topographyinfluences surface water remoyalhereas landscape position influengesund

water flow.Topography is an important consideration when managing a site. Your specific site
dynamics as they relate to water flow should be understoodxample, &eep slopesay
encourage runoff and eiiog, while nearly level sites may encourggading orseasonal high
water tables

Figure6-7 shows crossectional and plan views of different landsegositions. In foot slope
and head slope positions, surface water converges with a corresponding incgeasedrwater
flow. At these positionsprings or seeps of water coming out of the grazardbe expected
Since these sites accumulate watezythre often saturated. Additional flow from wastewater

55



Wastewater Land Application Operators Study and Reference Manual

irrigation will compound the problems on these areas. Such areas may need reduced loading
rates or may be excluded from land application.

Ridgetop

Side slope

Foot slope

Cross sectional view

Ridgetop and Linear slope

shoulder

Nose
slope

Linear

slope

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

Plan view

The landscape positions calledge, shoulder andnose slopare typically the best suited for
treatment. These positions shed water in a divergent manner, so thiat fileiwconcentrated.
This results in better infiltration and less runoff and saturation potential.

On a small scalenicrotopographyefers to minor variations across a landscépecalized
circumstancesuch as a rock outcropping or wet depressional iex@y require additional buffer
zones, but oftesuch circumstancesay 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 functiaf topography.

6.3 Soil Chemical Characteristics

Soil chemical characteristics that affeetycledwater treatment & land application site
includethe following

1 Texture and organic matter content

1 Cation exchange capact¢EC)

1 SAR

T pH
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6.3.1 Texture and Organic Matter Content

Two of thephysical soil characteristics discussed earlier, texture and organic matter content, also
have importanthemical propertielay-sized mineral particles and organic matter particles are
both extremely smalBecause of their safl size, these particles expose a large external surface
per unit massPut another way, their surface area to volume ratio is very. [@hgeexternal

surface area df gram of clay is at leastd00 times that ot gramof coarse sand herefore,
thesemineral and organic particles, calledlloids account for essentially all of the chemical
reactivity of soils

Mineral colloids (claysized particles) are crystalline in nature and consist primarily of
aluminosilicateclays and oxides and hydroxides of aluminum and @ganic colloids

(humus), composed of highly decomposed residues of plant and animal remains, contain carbon,
hydrogen, and oxygen, along with minor amounts of nitrogen, phosphorus, antfuother

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 col@idanic colloids often
contribute 306 to 90% of the total charge presentsarface soils, even when present in

relatively low amountsThe 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 claysl@y mineralogy may also be a factor in the soil's ability to treat
wastewaterDifferent types of clays have different structures that determine how the clay
particles will absorb water and mineréixpansive clay&also calledshrink/swell claysr 2:1
clays), have #arge internal surface area, resulting in a higher net negative charge than other
types of clay particleS herefore, these clays may hold a higher volume of constituents
However, they are subject to more wetness and site workability problems and gemerkdss
suitable for treatment.

6.3.2 Cation Exchange Capacity

lonsare atom®r groups of atoms that are electrically charged as a result of the loss or gain of
electronsCationsare ions that have lost electrons and are therefore positively chargeds
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 catiorasan to soil
colloid surfaces is callealdsorption(not to be confused with absorptiithe process by which

ions are taken into plant roots)

For example, soil colloids that have a net negative charge, generally attract significantly more
cations thanm@ions fFigure6-8). As a result, these soil colloids are generally surrounded by a
swarm of adsorbed catiariEhe capacity of a soil to retain caticsisch as ammonium (NS,
potassium (K), calcium (C4"), magnesium (M%), zinc (Zrf"), and copper (G increases

with increasing negative charge of the soil colloids.
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Ca*
HSO,
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Mg?* H*
HPO,> K*
Ca* Mg#
H H*
NO; NH4*
AI(OH), ) z
Ca* 4
H.PO - Organic colloid

Z (organic matter particle) Absorbed ions
H+

Absorbed ions

Mineral colloid
(clay particle)

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 tHeosoil)
example, a calcium ion (€3 adsorbed to a soil colloid can be replaced by two hydrogen ions
(H") that are present in the soil solutidine cations forced into the soil solution by this
exchange can then be used as nutrients by plants and micrieargdf not assimilated by

plants or microorganisms, these cations can leach or percolate downwgewdrid water

The sum total of the exchangeable cations that a soil can adsorb is the CEC of. tG&Gsil
expressed in units of milliequivalenter@l00 grams of soil (meqg/1@) or in Sl units, centimols

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

texture, clay mineralogy, organic matter contand pH Sandy soils have lower CECs than clay
soilsbecause sandy soils contain fewer colloidal particles than clayAsifleentioned earlier,
different types of clays have different structures and are able to adsorb different amounts of ions,
thus affecting their CEC valueSoils with higher organic mi&r contents generally have higher
CECs The effect of pH on CEC valuésdiscussed in sectich 3.4

Soils with highCECsare able to adsorb more catiombey ae 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 catioRserefore, CEC values greatly influence the inherent
fertility and longterm poductivity 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.Figure6-9 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).
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6.3.3 Sodium Adsorption Ratio

SAR serves as an index of the potential sodium influence in theS#dR values above 13
classify soils asodicor alkali, have sodium as the dominant cation, and may possibly
experience infiltration problems duedeflocculation(breakdown of ped)f soil colloidsand
decreases soil infiltratioiCertain textures of soils can become a#dcat values lower than 13

6.3.4 pH

As discussed isection5.3.7, pH is the measure of the concentration of the hydrogen ions in a
solution andit indicates whether a soil is acidjeH less than 7)alkaline(pH greater than,r
neutral(pH equal to 7)pH isa critical soil property because it influences many of the chemical
and biological reactions that take place in the sagure6-10 shows the range of various soil

types compared to familiar substances. Idaho soils cover a wide range of soils. Northern ldaho
soils and some central and northeasternddatils can be represented with forest soils or humid
regions arable soilshownin Figure6-10. Southern Idaho, on the other haoan be represented
mainly by calcagous soilsSoil pH is not a constajdnd Dr proper crop healtlit 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 (icagcium carbonatepr raising pH and elmental

sulfur for lowering pHAdditional discussion on pH is given in the agronomy section of this
manual (sectio®.7), which better discusses soil amendmentsgmto apply theprand typical
application rates.

©
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Active acid Forest r:uin;;\ds soils SO(_1IC 8_%
sulfate soils argable Neutral soils @ g
soils ) 2
) soils .
< Acid Alkaline >

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 pMineral soils with a pH near 6 are generally
the most efficient providers of plant nutrigrdsd crop health and yield are affected by pH.
When the pH is below 6.0, the charge on a mineral colloid is relatbonstantHowever, a
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portion of the charge is pH dependent and increases when the pH is 6.0 arTrhgherarge on
organic colloids is almost completely pH dependé&herefore, the CEC of most soils increases
with an increase in pH.

Soil pH also infuences the solubility of heavy metals and other nutrient cations and affects the
ability of plants to uptake these metals and nutri€@ags that are very acid (pH of less than 5.5)
are more likely to release metgbtant uptake of these metals is peated and the potential for
metals to move into thground waters increasedSoil pH isalsoimportant for maximizing crop
use of other available nutrients

The bacteria that perform treatment in the soil are also strongly affected by soligdé
bacteria prefer a pH of neutral (or 7) for best performaAcs rapid increase or decrease in pH
can cause mortality in the bacteria population, resulting inwatertreatment.

Soil pH must be determined by laboratory analysis, although tools usedrtategiH 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 conditionsTahange
properly operate and maintain a land application system, an understandingnaitsoll
relationships is essentidecome familiar with the followingoil moisture terms

1 Pantavailable wate(PAW)
91 Infiltration
1 Permeability

6.4.1 Plant-Available Water Content

Remember that a soil consists of soil particles and pore .dpaespace idlied with water, air
(actually gases such as oxygen, carbon dioxide, and nitrogen), or both

When all of the pore space is filled with gagbs soil is said to beven dry An oven dry soil is
defined as a soil that has been dried at°ID&intil it reaches constant weighftn oven dry soll
contains no water

At the other extremis saturationa saturatedsoil has all of its pore space filled with watat
this point, the soil has reached its maximum retentive cap&igyre6-11).

Following rain or irrigation, a portion of the water held in the pores will drain from the soil due
to gravity @Qravitational wate}. After 1 to 2 days the gavitational drainage will become
negligible At this time the soil is said to be &eld capacity All of the water has been drained
from the macropores and has been replaced by.gdsesemaining water is found in the
microporesThe micropores are st enough that the adhesive and cohesive forces holding the
water to the pore wall are stronger than the gravitational force trying to drain th&'st@t held

in the micropores at this point is available for use by plants.
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Saturated soil
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coefficient
y = 1,500 kPa

Air

Hygroscopic
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Al ] soid
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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 plantsabsorb water from the soil, theyde most of it through evaporation at leaf surfaces
Simultaneously water is evaporated from the. @lthe soil dries, the amount of water available
to plants decreaseghe initial response of plants is wiltingt the first onset of wiltingmost

plants recover during times of reduced evaporation (i.e., at ni§bthe soil continues to dry,

the plants reach a point at which they cannot recover during periods of reduced evafdration
plants are now in a permanently wilted condition and will dweaifer is not provided. This point
is termed th@ermanent wilting poinfThe 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 contenis the maximum amourof water a soil can make available to plafites defined

as the difference between the water content at field capacity and the water content at the
permanent wilting poinfPAW is equal to thavailable wateholding capacitf{AWC) of the

soil, at a gven root zone deptlexpressed in inches of water per inch of soil, multiplied by the
actual root zone depth, expressed in incksimated AWC values can be found in Negural
Resource Conservation ServicNRCS)soils interpretation sheets or coustyl surveysPAW

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 waténto the soil Infiltration rate is the maximum rate at which
water enters the soil and is expressed in inches perlhéliration rate is a function ahe
following:

1 Soil texture
9 Soil structure

1 Soil moisture

1 Vegetative cover

1 Topography and landscapesition

The effects of texture and structure on water movement have already been diStwsseore
moisture a soil contains, the lower its infiltration rdidiltration rates decrease with the duration
of rain or irrigation and increasing soil moisttMVhen the soil is completely saturated, the
infiltration rate will be quite low

A vegetative cover protects soil structure and increases infiltration Véitb®ut a cover, water
falling on or fl owing over Iltng& amssimperviousiseriader oy s
crust Level or gently sloping soils will have a higher infiltration rate than steeply sloping soils,
which promote runoft.

Therefore, a dry sandy soil on a level slope with a good vegetative cover would be expected to
have ahigh infiltration capacity, whereas a wet finédktured 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

Permeabilityrefers to the movement of watdroughsoil. Permeability is expressed in inches
per hour Soil texture and structure are the factors that most strongly influence permeability
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Generally, finelytextured soils have slower permeabilities than coatsgtyred soils
Permeability may also be callégdraulic conductivity

Devicesto measure permeabiligre available for field or laboratory ud&lues for various soil
permeabilities can also be foundNIRCSinterpretation sheets or county soil surveys.

6.5 Soil Treatment of Recycled Water

With a bast understanding of soil physical and chemical properties andvater relations, the
mechanisms by which the soil and its associated vegetation function as a treatment system can be
understoodThe soitcropsystem treats or renovatak sources oWate and their constituenia
the following waygqFigure6-12):

1 Physically

1 Chemically

1 Biologically

Natura
depressions

Figure 6-12. Soil treatment of recycled water.

6.5.1 Physical Treatment

The soitcropsystem acts as a phyaildilter trapping particles in the soil pore spadesrger
particles contained iwater are screened or filtered out while smaller particles are allowed to
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pass throughAs the soil collects more particles, the ability to screen smaller paimgbesves
because the space between soil particles decréasesolid materials remaining after
pretreatment are filtered from thecycledwater during this proces§hese materials remain
close to the soil surface where other treatment processes c¢an occ

Appropriate soil texture and structure are essential for optimum physical treaDheiatusly, a
coarselytextured soil does not provide as good a filter as a fiestyired soibecausehe pores

are too large to trap constituen®n the other hanafinely textured soil needs sufficient

structural development to allow water to move downward through the profile at a moderate rate
andto allow clayey subsoil layers the opportunity to trap or bind the constituentswatbe

6.5.2 Chemical Treatment

The soitcropsystem also acts as a chemical filidne following chemical processes can alter
nutrients and constituentsuch as inorganic chemicals, persistent organic comppands
pathogens:

1 lon exchang® The transfer of ions between the soil solutamd soil colloidsThis
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.

1 Adsorptio® Thebonding of ions to the surface of soil colloids by weak chemical
reactionslons are held by the soil until taken up by plants or microorganiémses
can also be adsorbed onto soil particles.

1 Precipitatiord A reaction in which an insoluble solid is foed from two or more soluble
ions or compoundg$-or example, alum is often added to wastewater to remove phosphate
by precipitation.

1 Chelatior® A process by which metallic ions are firmly bound by organic molecules;
also calleccomplexationOrganic molecuds retain heavy metals as if held by a claw (the
word chelate comes from the Greek worddiamw). Although plants normally do take up
the organic chelating agents, these agents apparently hold the metallic ions near plant
roots until absorption of the igrcan take plac&Vhile they are bound @omplexedvith
the organic chelating agents, metallic ions are prevented from interacting with other
compounds in the soil that could make them unavailable to plants.

1 Volatilizationd The chemical transformation ofsabstance into a gas that can evaporate
or escape to the atmosphefer example, under certain conditiptiee ammonium form
of nitrogen (NH") volatilizes to ammonia gas (N}{which can be released to the
atmosphere.

A soil's ability to treat chemicalldepends on soil texture and structure, g, temperature,
organic matter conterdnd presence of clay or hydrous oxidésely textured soils with a pH
greater than 6.5 provide the most effective chemical treatment.

6.5.3 Biological Treatment

The soitplant system contains numerous living organisush as fungi andacteriathat
decompose or alter material placed on or in the bad estimated that there may be as many as
8,000 pounds of microorganisms per acre in the @iiathes of soilMicroorganisms alter or
destroy water constituents through the following biological processes:
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Mineralizatio® The conversion of an element from an organic form to an inorganic
form by microbial decompositiofror example, microorganisms attack organic nitrogen
in the soil (present as proteins or amino aciflsise microorganisms break down the
complex organic compounds, releasing nitrogen in its inorganic formg @id NQ),

also known as nitrificatiart is the inorganic forms of most nutrients that arailable

for uptake by plants and microorganisms.

Immobilizatior® The reverse of mineralizatiormmobilization is the incorporation of an
inorganic element into an organic form (plant or microbial tissughg nitrogen as an
example again, inorganforms of nitrogen (NI or NOs) are consumed by
microorganisms and converted into organic tis3ie nitrogen is now bound up in the
bodies of the microorganisms and is no longer readily available to other microorganisms
or plants.

Consumptiod® Theuse of organic matter present in waste as an energy source by
microorganismsMicroorganisms feed and grow onnstituents, resulting in the
decomposition of thessonstituentsAs the organisms grow and reproduc®re and
moreconstituents areemoved.

Eliminationd The process by which microorganisms destroy or alter pathogens or
chemical compounds.

Denitrificationd The biological transformation of the nitrate and nitrite forms of nitrogen
to gaseous nitrogen, which can escape to the atmosphere.

The soilsability to biologically treat depends on soil temperature, microorganism populations,
chemical ratios (such @ise C:N ratio), andtheamount of organic matter present in the soil.

6.6

Fate of Water Constituents

Differentwaterconstituents are subject to @fént fates once they enter the wodp system.
Nitrogen can be
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Mineralized

Taken up by crops

Immobilized

Adsorbed onto soil colloids

Lost as a gas to the atmosphere through Viakgtton or denitrification
Leached tground waterif not properlymanaged

Phosphorus can be
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Leached to ground water, if not properly managed
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Consumed or elimirtad by soil microorganisms
Absorbed by plants

Chemically decomposed

Adsorbed onto soil colloids

Volatilized

Broken down by ultraviolet light

Leached toground water

Agronomy

Plants are an integral part of the natural treatment sy#teximportant, therefore, thaVWLA
operatos have a basic understanding of agronof\ggyonomy is the study of the various
physical and biological factorglated to crop productiolVhile cropproduction is not the
primary concern of a land application systenmealthy vegetative cover is essential for the
natural treatment system to function propelyportant functions that plants perform include
the fdlowing:

E JE I

6.7.1

Nutrient uptake

Water consumption

Enhance evapotranspiration

Stabilize soil and prevent erosion

Provide food and habitat for soil organisms that break demehusevater constituents

Essential Nutrients

Although many factors affect the growth of platke WWLA operatorhas a great deal of
control over the supply of essential nutrieftants require at least 16 elements for normal
growth and for completion of their life cycl€arbon, hydrogerand oxygen are delemens
used in the largest amountisese nonmineral elements are supplied by air and virdéarts
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must obtain the other 13 elements from the soil or from amendments added to the soil (fertilizers

or recycledwater).

6.7.1.1 Macronutrients

Plants need relatively large amounts of nitrogen, phosphorus, and potablseasa nutrients are
the ones most frequently supplied to plants by fertilizéadcium, magnesium, and sulfur are
required in somewhat smaller amountsese six elements, alongtivcarbon, hydrogerand
oxygen, are considered macronutrients.

6.7.1.2 Micronutrients

In contrast to these macronutrientg micronutrientsconsist ofeightessential elements: boron,
copper, chlorine, iron, manganese, molybdemiokel,and zinc These elenms occur in very

small amounts in both soils and plants, but their role is equally as important as the
macronutrientsA deficiency of one or more of the micronutrients can result in severe reductions
in growth, yield, and crop quality

Some soils do natontain sufficient amounts of these nutrients to meet the plant's requirements
for rapid growth and good productidn such cases, supplemental micronutrient applications in
the form of commercial fertilizers or foliar sprays must be maeble6-2 lists the 16 essential
macrautrientsand micronutrients required for plant growth.

6.7.1.3 Heavy Metals

While the use of the termicronutrienthas been common in agricultural circles for some time,
the use of the terineavy metais becoming more common because of environmental concerns
Heavy metals are a group of elements that are associated with industrial and municipal
wastewater residualét certain levels or concentrations, these elements pose toxicity problems
to plants and animalincluded in this group are eight metals: cadmium, chromium, copper, lead,
mercury, molybdenum, nickel, and zinc

In addition to these metals, two nonmetals, seni ¢ and sel enium, are
pollutant concentration lisThese two elements are often inaccurately included or referred to as
heavy metals.

Heavy metals contain three micronutriemtspper, molybdenupand zinc, all of which are
required for plant growthit may seem like a contradiction for an element to be an essential
nutrient on the one hanandatoxic or a pollutant on the othdsut althoughHow concentrations
of these elements are required for growth, at higher levels #relpecome toxidt is important
for WWLA operatos to understand this differenteeprevent too much of a good thing from
becoming a problem.
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Table 6-2. Essential macronutrients and micronutrients.

Nutrients CshyenTt')g?l Type Source
Carbon C Macronutrient Air and water
Hydrogen H Macronutrient Air and water
Oxygen 0] Macronutrient Air and water
Nitrogen N Macronutrient Soil and amendments
Phosphorus P Macronutrient Soil and amendments
Potassium K Macronutrient Soil and amendments
Calcium Ca Macronutrient Soil and amendments
Magnesium Mg Macronutrient Soil and amendments
Sulfur S Macronutrient Soil and amendments
Iron Fe Micronutrient Soil and amendments
Manganese Mn Micronutrient Soil and amendments
Boron B Micronutrient Soil and amendments
Molybdenum Mo Micronutrient Soil and amendments
Copper Cu Micronutrient Soil and amendments
Zinc Zn Micronutrient Soil and amendments
Chlorine Cl Micronutrient Soil and amendments
6.7.2 Nutrient Availability and Nutrient Management

All essential nutrients must be available continuouestyl in balanced proportions, to support
photosynthesis and other metabolic processes of plaatsy one of these essential elements is
missing, plant productivity will be limited, or thant may cease to grow entirelyhe 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
naturalecosystems.

Although the soil contains large amounts of nutrients, only a very small percentage of these
amounts exist in chemical forms that are available to pl&isients can exist in several forms
in the soil When they occur in organic form or aarpof an insoluble compound, nutrients are
not available to plants-{gure6-13).
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Primary minerals such as
feldspars and micas with

considerable nutrient cations

Course fraction
(cations very slowly available)

(d)

Large organic particles
(mostly C, H, and O with some
nutrient cations)

# H+ +
K Na*
| Ca?
mgr M )
Silicate clays with some H s Ca*
nutrient cations Cat a
. —_—
H* Mg* H*
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. + H*
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Figure 6-13. lllustration 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 @edbion6.3.2for
thedefinition ofion). For example, soil nitrogen occurs in organic and inorganic forms, in
solution and as a gas, and as the cation ammoniung’(ldkid the anion nitrate (NQ. Plant
roots absorb only ammonium and nitrate forms of nitrogen.

Plantavailableforms of potassium, calcium, magnesium, manganese, zincamdrcopper

occur as cationgotassium and ammonium both have a single positive charge, while the
remaining cations havtwo or more positive chargda 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 negateesites 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 ofplantavailablenitrogen is nitrate (N©). Theplantavailableform of chlorine is the
anion chloride (C). Both of these anions are repelled by the negative charges of soil colloids
Therefore, they are readily leached when water passes through tAdepibntavailable

forms of sulfur (sulfat¢SQ,*]) and molybdenum (molybdaf#00,*]) have two negative

charges and are also repelled by negatively charged soil cofmdever, these anions may

react weakly with positively charged sites, such as occur on iron oRldeeugh these elements
are not songly 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.

Plantavailablephosphorus occurs as an aniathveither one or two negative charges,
depending on soil pHFAlthough 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, ironchaluminum hydroxides, and with limehe strength of these
reactions limits the movement of phosphorus

Boron occurs as a leachable, uncharged molecule (boric a@i@,} which reacts very weakly
with soil clays.

The availability of nutrients is inflenced by the following factors:
T pH
1 Soil texture
1 The form of nutrient present thewater
1 The amount of nutrient present in the soil and-s@iter solution
2.

6.7.2.1 pH

Crop rutrient availability is strongly tied to the pH of the soil solutiDecreasing soil pH

directly increases the solubility of manganese, zinc, copper, and iron, thereby increasing the
availability of these nutrienté\t pH values less than 5.5, toxic levels of manganese, zinc, or
aluminum (a nomutrient element common in soils) may be relea®edthe 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 to 7.0 Outside of this pH range, phosphorus and boron tend to
form insoluble compounds with other elemestsch as aluminum, iron, manganese, and

calcium These reactions bind phosphorus much more strongly than boron, with the result that
available boon can be readily leached from soils

Soil pH cansometimede altered with amendmentss Anentioned previouslywo widely used
soil amendmeistare limeused to raise the pahd elemental sulfur used to lower the pH.

Increasing soil pH, however, sometimesiot the primary reason fiiming. As discussed
aluminum and manganese are toxic to plants at relatively low concentrations in the soil.solution
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Low pH may bean indicator that aluminum and manganese toxicitgksg placeLiming
decreasedt solubility of aluminum, manganese, and iron (as well as zinc and copper), causing
them to precipitate as relatively insoluble silicate clays, oxales$ hydroxidesGypsum is

another soil amendment that can be used to reduce aluminum toxicity wélsing the pH.

Figure6-14 shows the relationship between pH and nutrient availabiligically if adequate
phosphorus is provided to the crop sys{pi betweerb.5 and7) all other essential nutrients
will adequately be provided as seerigure6-14.

If soil pH needs to be raised or lowered, the timing and application ratél @aimendments are
critical for healthy crops and a bountiful harv@3ie soil classsoil starting pHsoil buffering

ability, soil temperatureand soil moisture content have an effect on how much soil amendment
is needed and how fast or to what degitee pH will changeElemental sulfur is especially
dependent on temperature and moisture content. Typically sulfur should be applied in spring
with soil temperatures above5and 4 6 weeks should be allowed before the desired pH
change is realize&ulfur should also be well mixed with the soil so that the soil microorganisms
can oxidize the sulfur and produce sulfuric acid to acidify the Asian example, it is
recommended that for each unit drop in pH desired, a well buffered soil (e.g.,cagillyam

with 4% organic matter) will require about 0.5 tons/acre of elemental ¢Bifady 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 foundarthern Idaho. The University of

Idaho fertilizer guide for alfalfa grown in northern Idaho makes the following recommendation
for liming in acidic soilsii Isdil pH is between 5.5 and 5.8 apply 1 ton of lime per acre and
thoroughly incorporate into thsoil prior to seeding alfalfa. If the soil pH is less than 5.4, apply

2 tons of limeper acreand incorporate it into the soil prior to seeding alfalfor additional
information on lime and liming materials, see University of Idaho CIS L4&Yng Materals

(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 awhole, 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, rdelytam and boron,

the creation of more favorable conditions for microbiological processes such as nitrogen fixation
and nitrification, angdin some cases, improved soil structug increasing soil pH, liming also
improves the effectiveness of severaldi@des.

Since lime applications decrease availability of zinc, iron, manganese, and copper, excessive
lime applications can cause deficiencies of these elentésdsyy applications of lime have also
caused decreased uptake of boron in some cases.

6.7.2.2 Soil Texture

Not dl soils are susceptible to the same nutrient deficienDigferences in soil textureill
affect a soil's capacity to retain nutrietlaitrients are more apt to leach through a coarsely
textured sandy soil than through a fintdxturedclayey soil For example, coarsetgxtured
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 m3tdae 6-3 shows some soill
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 . . . .
Excessive leaching on coarse-textured, low organic matter soils

potassium

Acid, low organic matter soils
Potassium Cold, wet soils such as occur during early spring

Newly cleared soils

Excessive leaching on coarse-textured, low organic matter soils in areas where air
Sulfur S 2.

pollution is low (minimal levels of SO,)
Calcium and Excessive leaching on coarse-textured, low organic matter soils
magnesium Soils where large amounts of potassium have been applied
Iron Poorly drained soils

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

Cold, wet soils low in organic matter and highly leached.
Zinc High pH soils (pH > 7.0)

Soails high in phosphorus
Conper Peat and muck soils

PP High pH, sandy soils

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

Soils with pH > 7.0

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

Soils with pH > 6.5

Soils high in iron oxides (high adsorption of molybdenum).
Molybdenum 9 (hig P y )

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 thevater applied to soil. Some nutrieimswyaterare largely present as organic
compound thatmust be broken down by soil microorganisms before plants can use the
nutrients. Other nutrients are presenawatersolubleform thatis immediately available for

plant uptake.

6.7.2.4 Levels of Nutrient Availability

Thefollowing arethree levels of nutri@ availability Figure6-15):

1. Deficiend Markeddecreases imelative plant growthyield) occur withlimited
amounts, or availability, of the nutriefi.e., supply of the nutrient is inadequate and is
limiting plant growtl). An addition of the nutrient will increase yield.

2. Sufficiertd The maximunfoptimalyield has been reacheahd the nutrient is not
limiting crop yield, so increasing the supply or availability of the nutrient has no effect
on yield.

3. Toxicd Further additions or availability of a nutrient beyond the sufficiange
causes marked decreases in yield amdntualy, no growth.

Deficient Sufficient Toxic

9 1001~
£
2
o 75
o
<
L
= B .
o 0 Mild
2
©
S o251
o
o)
% Extreme

Very low Low Intermediate High Very high

Concentration of essential nutrients.

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 supplyln many cases, a deficiency may occur because a nutrieritirsayglantavailable
form. Symptomsof nutrient deficiencyor specific elements are listed Table6-4.
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Table 6-4. Key to nutrient disorders.

Nutrient

Symptoms of Nutrient Deficiency

Nitrogen

Phosphorus

Potassium

Calcium

Magnesium

Sulfur

Copper

Iron

Manganese

Zinc
Boron

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.

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.

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.

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

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.

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

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

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

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.

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

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 dpgal to soils asecycledwater, 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 soill.

3. Some nutrients can be lpas water washes them dowmahgh 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 votaiiiza denitrification).
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To maximize nutrient uséhe WWLA operatorshould develop autrient management plan
Developing such a plan requires information onaimuntof nutrients that can kepplied to
meet the agronomic need of the crop or vegetation grihefprm or source of nutrients, the
placementf nutrients on the field, and thiening of nutrient applicationdNutrients can be
managed by adjusting these four components

The termagronomic ratemeans that nutrients will be applied in accordance with the needs of the
crop or vegetationrhus, rates and timing of application must be adjusted to optimize plant
response to the applied nutri esthanutriegteien t hi s
maximized, so fewer nutrients can escape into the environBEkfictent nutrient management is

a goal for alkystemswhether theyaregrowing trees or vegetables managing pasture at a

land application site.

6.8 Crop Nutrient Requirements

WWLA operatos mustunderstandhutrient requirements and growth cycles of the plants being
grown Crops vary in their ability to use nutrierftsop uptake)Bermudagrass has very high
nutrient requirements, whereas a mature forest has lowehrequirements

DEQ definestypical crop uptakeas the median constituent crop uptake from the 3 most recent
years the crop has been growor crops having less than 3 years of actual crop uptake data,
other crop yield data or nutrient content values nrdy 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 uptak

Domestic wastewater generally contains low concentrations of the major plant nutnieotsh
cases, it is possible that plant nutrients such as nitrogen, phos@raytassiurmay have to

be added as supplemahtertilizers, manures, compost, smil amendmentt get expected crop
yields (optimum crop growth)nsufficient nutrients may result in reduced crop yieid a
reducechutrient uptake efficiencieJ he addition of supplemental nutrients should be based on
soil test recommendations aegpectedcrop yields. WWLA operatos are encouraged tmnsult
DEQ, the local Cooperative Extension Servic®®GE or agricultural consultants for assistance
in interpreting soil test results, determinpgtential supplementé&rtilization rates, and
devebping nutrient management pladgy supplemental source of nutrients will have to be
documented and reported as parthef 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 ifa landapplicationtreatment system is functioning propetlye WWLA operator
needs a basic understandinggadund wateand hydrologyHydrologyis simply the study of
water as it occurs on and below the surface of the earth as well as in the atmdsghere
movement of water on the land, in the ground, and through the air is terntgaitbgic 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 precipitat (Figure7-1). Water falling from the atmosphere
as rain or snow can do one of three things:

1. Evaporde and return to the atmosphere
2. Runoff to streans, rivers)akes and oceans
3. Infiltrate into the soil

Land-appliedrecycledwater acts in much the same way as natural precipitation and becomes a
part of the hydrologic cyclén a properly operated land application system, howegeycled
water should either eyporate or infiltrate into the soil

Runoff from land application is not acceptat®ercolation of untreated or partially treated
recycledwater below the root zone is also undesirablerefore, one of the most important

goak for theWWLA operatoris to applyrecycledwater at rates that will not only supply the

nutrient needs of crops or vegetative coverghomtiwill not exceed the rate at which the soil

crop systenwill accept hold, and use thevater WWLA operators should understand tHatot
properlymanagedrecycled 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 weyrsd water in the form of precipitation, irrigation, and
recycled wateneed to be considered at a land applicatgite.When the humidity is low, water
may evaporate before it even reaches the grddode importantly for the purposes of land
application, water can also evaporate from the soil surface and from leaf surfaces

Transpirationis the process aévaporation at leaf surfacednenwater moesupward and
through a planfThe combined loss of water to the atmosphere by evaporation from the soll
surface (E) and by transpiration (T) is cal®dpotranspiratioET) (Figure7-2).

ETi s responsible for most of the watedETr emoval

rates are influenced by the following factors:

1 Sunlightd Solar radiation provids 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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1 Atmospheric vapor pressudrdevaporation occurs when the atmospheric vapor pressure
is low compared to the vapor pressure at the soil and l€atear ET is higher in arid
climates than in humid regions.

1 Temperatur@ A 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.

1 Windd Themovement of air sweeps away vapor moisture from wet surfaces; high winds
will increaseET.

1 Soil moisture conter® Water must be present for evaporation to occur; ET is higher
moist soils comparetb soils with a low moisture content.
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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 cEwslstually precipitation
falls in the form of rain or snow and the cycle begins again

7.3 Runoff to Surface Waters

Waterthat does not evaporate to the atmosphere or infiltrate into theasadlccumulate and

pond in the field and if sufficient slope is present, the excess water maif tba field. Runoff
travels over the soil surfa@ad may transport soil particles and nutrients from the field to nearby
surface water if presefite., streams, rivers, lakes, and oceahstors affecting runoff are the
sameas those affecting infiltratio(section6.4.2):

Soil texture

Soil structure

Soil moisture

Vegetative cover

Topography and landscape position

= =4 -4 -4 -9

Runoff can negatively impact both soil and water quality. These negative impacts include soll
erosionandsurface water pollutiarNutrients contained in the runoff, especially phosphorus
have the potential for causingrf&acewater quality impacts.

7.3.1 Soil Erosion

When runoff occursit carries suspended soil particl@&his loss or movement of soil is called
soil erosion Around5 billion metric tons of soils moved annually in the United States, some
two-thirdsis moved by water (the remaindemoved by wind).

Unfortunately, much of this eroded soil ends up in surface w&edsment carried by runoff
clogs streams, fills lakes, and often carries nutrients and pollutants to these lived@rseduce
the capacity of watestorage reservoirsequire dredging of rivers and streams, and can impact
both water and wastewater treatment plants by increased sediment loads.

Runoff high in sediment cazauseurbidity, which can smother aquatic life and shade out
desirable aquatic vegetation. Sedimaisb may carry pesticidéssuch as herbicides and
insecticided that may be toxic to aquatic plants and animals. The varying chemical properties of
pesticided for example, their solubility, toxicity, and chemical breakdowndatetermine the
potential damag® water quality.

Reducing soil erosion is the key to reducing the damaging effects of sedimentation. Fortunately,
with current technologgnd management practicesosion can be reduced to acceptable levels.
The challenge is to match the appropriatht®logy 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 watersThese 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 acceletdteghication
Natural eutrophiation is the slow nutrient enrichment of streams and lakes and is responsible for
theagingof ponds, lakes, and reservoirs.

Rapid eutrophication is usually associated with increased algae grollitoors In freshwater
ecosystems developed under veny fghosphorus conditions, large additions of nutrients,
especially phosphorus, can stimulate the production of these algae bisotine algae die,
organisms in the aquatic system decompose the algae to use as a foadrstheqeocess, they
also useignificant amounts of oxyges more and more algae grow and then decompose,
dissolved oxygen levels are deplet€&dis condition can result in fish kills, offensive odors,
unsightliness, and reduced attractiveness of the water for recreation and blicengas.

7.3.3 Ponding

If the topography of a land application site includes-lgiwg areas, runoff may collect in these
areas and creaponding Ponding can also occur in the field at the original point of application.
Pondingcan causéydraulicoverloadingand result in ground water contamination by leaching
water past the crop root zarie addition, land application sitefiould be managed prevent
water from ponding to the point where the ponded wai&efies(decomposition of waste
elemers in the water)which may cause odoms supportsectors(such asirds,flies
mosquitoesor rats)that may transmit disease

7.4 Infiltration into the Soil

As discussed in the following sectionacfors 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 rumfdffates into the sojland percolates
downward As discusseth section7.2, some of this water is used by plants and is removed from
the soil environment biT. The remaining water flows through the unsaturated portion of the
soil (unsaturated zoneandbelow the root zonantil it reaches theaturated zon€rigure7-3).

This is the zone in which all of the pores in the soil or bedrock are Wikbdvater The surface

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

through the soil reaches the water table, it becgrmsd water Ground waters any water
contained in interconnected pores located belmwvater table
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Figure 7-3. Divisions of soil water.

Althoughground waters thought taoccur 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 calgdifers An aquifer is the rock or sediment in

a formation, group of formations, or part of a formatioattis saturated and sufficiently

permeable to transmit economic quantities of water to wells and springs

Ground watedoes not move rapidly in an aquiftrmay move only a few feet per month or
even per year, whereas surface streams flow severgeesécond.

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 syktesnsometimes difficult to
determine exactly where one ends and the dibgins

Ground watepften 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 particlés)js area, where water
from the saturated zone is pulled up into the turaged zone by capillary action, is called the
capillary fringe

The height of the capillary fringe is determined by the texture of thdsdithely textured soils,
the capillary fringe may be several inches high; in coatsalyred soils it may bmsignificant
Although some debatxistsabout whether the capillafsinge is part of the unsaturated or the
saturated zone, for the purposes of this mani@ctapillary fringeis consideregbart of the
saturated zone.
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7.4.2 Water Table Depths

Water tabledepths vary across the landscape and are determined by the confining layers present
below the soil surfac@’hese confining layers have little to no permeability, dinerefore

restrict water movement. These layers may be very deep and cover a laygecres a

bedrock layer

A water table that results from a confining layer is calledgparentor permanentvater table
Water table depths can be determined by measuring the depth to free water in a shallow, unlined
auger hole.

A water table may alsbe caused by a shallow restrictive horizon in the soil that creates
saturated conditions above it, while unsaturated conditions exist belbwsitype of water

table is called a perched water table, and Wsoaturs over a small arégigure7-4). 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 responsedpitation ET patternsand

irrigation canalsThe unsaturated zone can become saturated during periods of excessive
precipitation Saturated conditions in the unsaturated zone, however, are temporary and are
usually seasonaF{gure7-5).

[ Recharge area

Rainfall

Confining 32
layer %

Porous
aquifer

Bedrock

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 tiigerooting zonef the soil, in conjunction with a
suiteble vegetative cover, to adequately treat water before it reaches the saturated zone (i.e.,
ground watex. These systems are designed to operate in aerobic environitersfore, depth

to the water table is important because it determines both the vofumeaturated soil through
which constituents must travel before reachgngund wateand the amount of time that

constituents are in contact with unsaturated soil. The potentigéidand watecontamination
increases where the soils are thin and the underlying bedrock or confining layer is permeable, or
where the water table is near the soil surf&ceh sites would not be considered suitable for

land applicationGenerally, at leas8 feet ofunsaturated soil are needed for adeqtratgment.

Even when the water table is sufficiently deep, the potentigirtarnd watecontamination
exists Overapplication of watgihydraulic overloadinggan alter the hydrology of a site and
create saturateconditions in what would normally be the unsaturated.Z8reevel and fractured
bedrockd and improperly constructed monitoring wéllsan create a direct conduit to ground
waterleading to ground water contaminatiédverapplication ofecycled watethydraulic
overloading)fertilizers, or soil amendmentsan result in leaching nitrates and other pollutants
into the ground water.

Overapplication of water can also causewtager tabldo rise closer to the soil surface, creating
alocalized rise in the war tablecalledgroundwater moundingwhich is defined as a localized
rise in the water table, during land application, caused by a subsurface confininéigyesr

7-6). This situation, if close enough to the soil surface, is undesjraloien cause anaerobic
conditions in the root zone and limit the growth potential of the vegetative; @kt can also
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result in poor treatment of tmecycledwater.Ground water tables may fluctuate seasonally and
create conditions such as lowered water tables and ground water mounding.

Wastewater disposal area

Final water table level

i Initial water table level

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\>\\\\\\\\\\\\\\\\\\\\\

Confining layer

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.dtsge@mportant to
understand that pumping water from a well can change the natural fipnawfd watem its
vicinity. The net result can be a complete revers#h®hatural direction ajround wateflow.
Thus, a downgradient contaminant may actually be drawn against the natural flow into an
upgradient wellThe possible range of such an effect dependb®nate of pumping and the
ability of water to move within the aquifer.

Artificial surface(such agrom recycled waterand subsurface drainage can also afjectind
waterlevels 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 siténstallation of any surface drainage structwaea land application site

requires approvalby the DEQ regional office

Subsurface é&inage is often used in agricultural settiriggches or porous pipes withdraw
water from the soil and carry it to an-afte waterway, such as a road ditch or stredeids
with shallow ground water conditions or fields that require tiling and draitvaggmove shadiw
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 impactimground waterGround watemonitoring often plays a major role in

evaluating and modifying management and loading practices to protect and ngriotaic
waterquality. Thelocation andptimum number of monitoring wells depends on-sfiecific
characteristicssuch as the numbef land application fielddjydraulic and constituent

application rates, location of wastewater and recycled water lagoons/pmed&creage) of the
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fields, ground water deptlground wateflow characteristicsground water useandthe purpose
of the monitoring system

7.5.1.1 Well Location

The location of ground water monitoring wells is imporiargvaluaing the change in ground
water quality as it progresses through the land applicatiorasidé allows the operator to see
how the land applicatn activities affect ground water qualitypgradient 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, monitgiwells must be located along the path of ground
water flowing underneath the land application site. Typicaliyeast one well is installed
hydraulicallyupgradientand at least two wells are installed hydraulicdibyvngradienof the
land applicatia site, as shown iRigure7-7. The number of ground water monitoring wells
would be based on various factors such as the size of the reuse fiptdsamt beneficial uses
of the aquiferandproximity of ground water useend is specified in the permit

Equipotential Iiw;\
! ! \ ! -
Upgradient | I *______ ,O—'\

Monitor Well
Downgradient
‘ ‘ Monitor Well #2

|
Downgradient
Monitor Well #5 '

Upgradient
Monitor Well #4

Downgradient
Monnor!Vell #6

Flow lines dvmgudhnt

Monitor Well #3

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 groundvater sampled from the upgradient well establishes the quality of ground
water unimpacted by the land application site (i.e., background quality), while grated
samplesrom the downgradient well establish (by comparison with upgradient samples) the
impact of land application operations on growater qualityto determine compliance with

i G®undWaterQuality Ruled (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.deg.idaho.gov/guidance-documents. Important requirements are discussed below.

The well casing and screen must be madeaatkrials compatible with the constituents of the
wastavaterbeing monitoredPolyvinyl chloride (PVC) is generally a gg@hoice because of its
ease of handling and low cobtowever, the pieces of casing and screen mustibhedaising
threaded coupling€slues of any sort cannot be used, since volatile/semivolatile elements in
gluesmayleach into the grounarater.PVC isrecommended for inorganic samples only.

The length and positioning of the well screen below land surfacebawssich that theaic

water table is never abotiee uppermost or below the lowermost screen openings at any time of
the year(Figure7-8). Screen settings that do not meet this criteria result in altiyavells (i.e.,

the water table is below the screen, precluding collection of a sample) or a situation where the
layer of dssolved contaminants in the groumdter may be above the zone where the sample is
collected (i.e.the water table is above the uppermost screen openings).

Improperly constructed
downgradient
monitoring wells

Properly constructed
downgradient monitoring well
(well screen set at correct depth)

l Reuse

Upgradient
monitoring well

site
Land surface Well screens

set too deep Well screens

set too shallow

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 mosde¢banbae
the top of the well screeBecause of shrinkage when dry, bentonite grouts may not be used
except as a plug to keep cement groudyatfvom the well screeri-{gure7-9).
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Locking Cap
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Land Surface
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safe for drin

Cleaned Washed

S 6. Well to be afforded
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- against damage after
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» | MSHWT _
Well Screen —L 2 Note:
©
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Water Table

MSLWT = Mean Seasonal Low
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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 eaclieresting that the well is
for monitoring and water from the well@hld not be used for drinking. permanent label
shouldcontain details about the construction of the welj (date installed, installegnddepth).

The well must have a watertight lockable cap to prevent unauthorized agopessdix B
provides guidance for monitoring well construction.

7.5.1.3 Baseline Well Characteristics

Background conditions of monitoring dataelenine the baseline well characteristiBecause
the purpose of installing monitoring wells is to determine the condition of gnwated based on
the analyses of groundater samples, it is essential that damality samples be obtainderior

to accepting a newly installed monitoring well, permittees should verify that thbagdbeen
properly developedsuspended particles and sediment in grovatér samples, due to improper
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well development, interfere with some chemical analysesandead to compliance problems
and additional financiadutlays.

Generallywells aresampled initially after constructioprior to land application activitieto
establish a valid background concentration for constitueqtsiring routine monitoring.
Thereafteymonitoring frequency will be determined by the schedule specified in the permit.

7.5.1.4 Reporting Requirements

Groundwater monitoring data must be reported in the annual and/or mamtbtier frequency
reports.Be consistent in reporting well locati 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

Rapidinfiltration (RI) sysems, 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 tleough th
vadose zone. The drying cycles are necessary to allow the sehé¢oate between applications
thereby allowing the aerobic microbial population that provides treatment to reestabésh

ratio of wetting/drying in successful Rl systems varies basdtesoil characteristics and

treatment objectives, biitis 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 Rl systems anat gemerally 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 eeat¢he hydraulic, organic, nitrogen, suspended salids
other limitations specified in the permit. Discharges from an Rl system shall be in compliance
witht he A Gr ound Wa(lDARASKW 4] andfi Wa R @ Ir eS@uodardsi t y
(IDAPA 58.01.02.

7.7 Summary

In conclusion, the sapplant system caaffectivelytreat wastewater constituents and prevent
them from reachinground wateif the system is properly sited, operatadd maintainedt is
important to remember that soils vary tremendousthair treatment capacitiynder some
conditions, constituents may take months or years to move from the soil surfacgrutirck
water. Under other conditiongonstituentsan flow almost directly into thground waterOnce
constituents reach the saited zone, they amvailable forwithdrawal 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 asiafdction whichdestroy disease
producing organismand buffer zongsvhichminimize public health impactsuisance
conditions and aesthetic concerns

8.1 Disinfection

Disinfection is generally the last form wéatmenprior to land applicatiofior municipal
systemsdthough there may be a few industrsglstemghat disinfect The purpose of
disinfection is to destroy diseapeoducing microorganisms or pathogens. As discussed in
section5.3.1, pathogens can cause many illnessash as typhoid fever, amoebic dysentand
infectious hepatitis

The disinfection process should be economical, operationally praechénvironmetally
acceptableThree major types of disinfecti@reused:

M Chlorination
9 Ultraviolet radiation
I 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, chlorinati is the most prevalent form of disinfection in the United
States todayHowever, heightened awareness of the safety issues and environmental concerns
associated with chlorine ugedecreasings popularity

Chlorine reacts with many compounds presemnecycledwater. Nitrogen compounds (including
ammonia) react with chlorine to produce chloramiiié®se chloramines are considered to be
relatively effective disinfectantslowever, many of the compounds formed when chlorine reacts
with nonnitrogen corpounds are ineffective as disinfectants

Chlorine reacts with nenitrogen compounds before it reacts with nitrogen compounds
Therefore, enough chlorine must be added to react with thaitrogen compounds and ensure
that enough chlorinis still available for the formation of chloramindsess 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 dosagés the amount of chlorine that id@ed to a given volume of wat&hlorine
demands the amount of chlorine that is not available as a disinfectant because of reactions with
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various compound£hlorine residuais the amount of chlorine that is available for disinfection
after a specificontact timeThree terms are usually used in reference to chlorine residual:

I Combined chlorine residual
9 Free chlorine residual
M Total chlorine residual

Figure8-1is used in the following discussiowwhen chlorine is added to recycled water, some
of the chlorine is used in oxidizing a variety of compounds in the \aatédoesot contribute

to chlorire residual (between points A and Byditional chlorine then reacts with ammonia in
the water producing chloraminesontributing to the chlorine residugetween points B and,C
and referred to as the combined chlorine res)dé@al chlorine is addedhe pH changes and
allows the destruction of the chloramines resulting in the release of nitrogen gas and nitrous
oxide to the atmosphere, reducing toenbinedchlorine residual (between points C and D). At
point D, most of the chloramines have been oxdjavhichis called break point chlorination.
Continued addition of chlorine after the break poml result inafree chlorine residual

increase at the same rate as the applied d{Qagpem 1999)

Total chlorine residual is the sum of the combineldrafe residual and the free chlorine
residual. Therefore, prior to the break ppthe 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 isqual to the combined chorine residwalbreak pointplus the free chlorine
residual.

8
6
-
S E
S —'f—'
o)
=
S 4 / Free chlorine
L
° - Break r residual
- , . C point
) Combined chlorine
@ idual
& |initial chiorine '] U2 Y
demand I 4 D -
- s 112
|
A Bl | v
0 2 4 6 8 10 12

Chlorine dosage, mg/L

Figure 8-1. Chlorine residuals and the break point chlorination curve (modified from Qasim 1999).

Chlorine contact chambease generally designes that the chlorine injection point is below the
surface of thevaterto prevent volatilizationChambers should also be designed to prevent-short
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circuiting. Higher chlorine concentrations, longer contaoes and higher temperatures
increase the effectiveness of chlorinatiahile higher pH (above 7.0iptal suspended solids,
and organic content decrease effectiveness.

Chlorine disinfection is generally accomplished by one of the following methods:

1 Gasor liquid chlorine
1 Hypochloite (sodium or calciunhypochlorite)
9 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 prevenbaleasik 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 radiationuses lamps that emit wavelengths of light that are invisible to humahs. U

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. U\sliganerally considered as an
alternative to chlorine disinfectioA typical ultraviolet disinfection unit is shown kigure8-2.

Sight port
Germicidal lamp
in quartz sleeve
Dual action

wiper segment

Internal baffle

Transformer housing and
junction box

V\;perknob
Figure 8-2. Typical ultraviolet disinfection unit (WEF 2004).

The advantages of UV disinfection dhatthere is no toxic residuat,kills microorganisms
including pathogensandthe UV equipment occupies little spadée 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 dosaged the need for a lower suspended solids and color
concentration in order for it to be effe@. For UV disinfection to be effectivéhe water must
be relatively cleaiflow turbidity) and clearUV 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 usddr 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 destroy®arganisms by
attacking the cell walldt is faster acting and more effective thzhlorinein destroying viruses

and bacteria.

Because it is chemically unstable and decomposes to oxygen very rapidly, 0zone must be
produced continuously and must be uaedt is producedOzone is bubbled through the

recycled watem a closed contact chamber with fine bubble diffusers covering the bottom of the
chamberAfter contact timeozone is then collected off the top of the contact chamber and
destroyed.

Ozoneis extremely irritating and can liexic. To be effectiveozone disinfection requires high
transfer efficiency, good mixing, adequate contact temel minimal shortircuiting in the
contactor.

The advantages of using ozone as a disinfectant includacthef a toxic residual, an increase

in effluent dissolved oxygen levels, almost instantaneous disinfection action,amdn e 6 s
relative insensitity to pH. Disadvantages include higher capital and operational costs and a lack
of reliable automatic corat systems.

8.2 Buffer Zones

A buffer zone is the area beyond the perimeter of a land applicationatalth providesthe
minimumseparatiomeededo reduce the potential for impactspoblic healthand the
environment as well as minimizing nuisance dbods and aesthetic conceridiree parts
factorintoa s buffex Pose requirementgl) buffer zone distances tand uses of concern,
(2) posting requirements, arfd) fencing requirements’hese methods limgublic access and
contactwith recycled water

Land uses of conceffor which DEQ has established guideline buffer zone distances are areas of
public accesssurface waters, public or private drinking water suppées occupied dwellings
The guideline buffer zone distances arer&cfion ofthe following

1 The characteristics of the lafaghplied water (industl or municipal

1 Level of treatment and disinfectidkesigned fotheland application site (Class, 8, C

or D municipal effluent, industrial)

1 Location of the landpplication field (suburban/resiadigal or rural/industriabr
residential

1 Mode of irrigation (sprinler 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 potent@ktreate 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

| n g e n e rgaiteline MuEeQzore distances decrease with greater disinfection
(lower total coliform couts). In addition, #d buffer zonedistancesnust comply with and
not supersede local zoning ordinandesfer to the DEQ guidander a detailed
discussion obuffer zones

1 Insection2, the disinfectiorevels of the various classes of municipalycled waterare
presentedn Table2-1, Table2-2, andTable2-3.

= =42 =4 -8 -8 -9 -9

Thebuffer zone distances specified ineisep e r mi t may v guidgncelistaoces DE QO s
due to sitespecific characteristickor examplebuffer zone distances may be reduced through
the followingmitigation measures:

1 Establish an effective physical or vegetative barrier to reduce drift oroh€eisgersion

1 Usenonsprayirrigation (dragtubes or equivalent apparatus)

1 Manageirrigation systems in a manngratprevens any spray drift towards tHand use
of concern

1 Use unoff and/or overspray otrols

Combiningbestmanagemenpractices (BMPs) wh standard buffer zone distandeshelp

protect drinking water supplieBlonitoring well buffer zone distances are typically lessitha
drinking water well buffer zones and also depend on the types of BMPs used. Monitoring well
buffer zone distances mamry from site to site and are specified in the site pe/&sb note

that reuse facilities with existing or planned crassinections or interconnections between the
recycled water system and any water supply (potable or nonpotable), or surface athtesysh
backflow prevention assemblies, devices, or methods as required by the applicable rule or as
specified in permits and approved by DEQampleBMPsfor drinking watemwellhead

protection includenstalling a backflowassembt and grading thground to direct any waters
away from a wellhead
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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 providdreatmenbr storag (e.9.,during winter monthsr during
maintenancke Although a limited amount of treatment may occur in storage lagoons, they are
designed primarily for storag&his section addresses the role of storagediagat land
application sitesTreatment lagoons are covered as pawadgtewater treatment operator
certification obtained previously.

9.1 Lagoon Design and Configuration

Lagoons are generally desigread constructedith earthen dams or dikeBhe inner dikes of

new lagoons are typically lined with a synthetic material ev@nt leakagerigure9-1 shows a
typical lagoon desigrGenerally, nner and outer dike slopes shall not be steeper3tauits
horizontal to 1 univerticalfor slope stability and maintenan@ee., mowing, erosion control,

slope stabilityandweeding) Lagoons must be designed for a minimum freeboard (the distance
between the top of the dike at its lowest point and the highest allowed wastewsitarithin

the lagoon) This designprovidesa saéty factorso that the lagoon doest ovettop its bank

from wave action, higher than planned wagatering the lagoomr heavy precipitation events.

For existing lagoonssingclay or earthetiners o lagoons that have a buried synthetic liniee,
inside slopes may be protected by riprap from 1 foot below the minimum water surface to the top
of the freeboardo protect against wave erosion

Inlet
Manhole
Outlet
A Manhole
Fence T @ ¢
ey 0 LA, i:
Y 3 \
)
= o [ Valve
Inlet -
Pipe _— /
Concrete 1 Ou_tlet
Pipe

Pad

Figure 9-1. Typical lagoon design (Water Pollution Control Federation and Environment Canada
1981).

Liners are used tminimize the loss of wastewater to the subsurface or ground watedigng
the permeability of the bottom and sidewallgh@lagoons Lagoons need a minimum
separation o2 feet between the bottom of the pond and the maximum ground water elevation.
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Thetypical materials used fdiners aresynthetic membranes, compactdaly, andbentonite

New installations typically uskigh density plyethylene(HDPE) or buried PVC linersClay

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.

Designand operating standards allow seepage rates from lagoons. Asagiecind areequired
to beperiodially seepage rate testto evaluate lineintegrity. Lagoon seepage above DEQ
performance criteria generally requires repair, replacemeabardonment of the lagoon.

Municipal wastewater lagoons must meet facifipecific seepage rates corresponding to the
date of construction (or major modificatioeyery 10 years after initial testiniqpdustrial facility
seepage testing is required bymérand its frequency of testing is based on the petragoons
must be seepage tested if a changaer condition occurs that affexits permeability,

including but not limited tpliner repair below the high water line, liner replacement, lagoon
dewatering of soHlined lagoonswhich results in desiccation of the soil liner, seal installation, or
earthwork affecting liner integrityRecycledwater enters and leaves a lagoon through inlet and
outlet pipesinlet structures should be located so thatewxis distributed evenly in thagoon 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 lindf the lagoon is used for chlorine treatmehg butlet pipe is
located agar as possible from the inlptpe to increase chlorine detention tiamato prevent
shortcircuiting (a condition where some of the water in a lagoon travels faster than the rest of
the wateybetween the inlet and outlet pipeShortcircuiting is espcially a problem indgoons
thatare designetb allowfor a specificchlorine contact timéthe amount of time chlorine must

be allowed to react with the water prior to discharge and reuse).

The following factorsareused to determine the volume of lagaiorage 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 witlbagrowing season application
allowance, storage may be necessary for periods of extreme cold tempgevdiiotesan
prevent application due to freezing problems in the irrigation system, frozen saiks, or
buildup on the application site.

3. Ifland applcation is not possible due to harvesting or heavy precipitation events.

4. If an alternative discharge point such ddaional Pollutant Discharge Elimination
System(NPDES permit or rapid infiltration basin is available.

Other design considerations fagoors includethe following

1 Multiple cellsto provide accesduringmaintenance

1 Proximity to surface waters amdinking watemvells

1 Potential for odor generation, aeration for odor reductad siting
1 Permanent stilling wells for seepage testing

100



Wastewater Land Application Operators Study and Reference Manual

9.2 Lagoon Operation and Maintenance

Regardless of how wetlesigned, lagoons will not perform to their optimum potential unless
properly operated and maintaindaspectionsand samplinghould be conducted on a routine
basis to determine if any problems apmparentRoutine operation and maintenance practices
should address and control the following conditions and situations:

Emergentrooted) plants

Suspendd vegetation

Erosion

Excessive algae

Odor production

Insufficient freebard

Short-circuiting, if chlorine treatment is a component of the storage lagoon
Sludge depth and removal

Not running aerators as designed and/or required

= =4 =4 _-8_49_9_95_°5_-2

In addition,otherbasic management steg® both recommended and required. These steps
includeposting and maintaining wamng signsand fencing to discouragmauthorized access
(from peopleandlivestock andprotect public health and safety

9.2.1 Vegetation

Controlling vegetation arouridgoors is importantWeeds and grasses on dams and dikes
provide sheltered areas for inseand burrowing animals, interfere with the establishment and
maintenance of a desirable vegetative cover, and hinder visual inspection oT thlessand

other deegooting vegetation can impair the structural integrity of lagoon diRegular
mowingand weeding are required to avoid these problems.

Rooted plants growing on the bottom of the lagoon (emergent gramthduspended vegetation
in lagoons takes up valuable space, provides a breeding groypuwidatial vectorssuch as
mosquitoes, and hiters pond circulatiarin addition, dead vegetation can contribute to BOD
levels reduce dissolved oxygeandcause odots

Emergent growth will occur when sunlight is able to reach the lagoon bisitolster lagoons
with earthen bottoms or lagoons witharied synthetic linefemergent growth can be controlled
by the following

1 Immediate removal of young plar{tacluding roots)

1 Drowning weeds by raising the water legeld preventing sunlight from reaching the
plants

By installing pond lirers

As a lastesort, using herbicides (which should only be used with the approval of the
DEQ and taking into consideration impacts to the land application fields

)l
)l

Vegetation, such as duckweed afghecan occur in any lagoon, regardless of dePfiten
mistaken foralgae, duckweed floats on a lagoon surface and has lonlikkaioots that hang
down into the wateilt 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 cailkather
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tools or mechanically harveste®s a last resort, a herbicide can be usgddhering tadhe
precautions outlined abovié.not removed, vegetation may plug the irrigation system.

Ducks eat duckweed (hence, the name) and may control a light grbstitbpended vegetation
Fecal waste from ducks and other waterfowl, however, can contribute BOD to the lagoon and
increase coliform level®epending orhe required disinfection levahe attraction of

waterfowl to dagoonmay seriously impact th@aterquality. Disinfection downstream of the
lagoonmay be necessary in some cases to achiequiredwaterquality levels

922 Erosion

Erosion can wash away clay liner material ondesanks 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 Erosioncan becaused by wave action, surface runoff from precipitatiofes dug

by burrowing animalsaccess by wildlifelack of proper vegetation on outside sloflagoon

dikes) steep slopes, or poor maintenance

Slope stabilization through the installationrigirap or broken concrete along banks and dikes
can minimize erosioand limit weed growthHowever, this practice cannot be used for exposed
synthetic liners.

Diversion ditchesnd proper grading around the lageoay be usedto divert surface water
away from the lagoarBurrowing animals, such a®phersmoles ground squirrelsand
groundhogsshould be trapped and remov&durowed holes should be repaired immediately
prevent erosion

9.2.3 Excessive Algae

Excessive algae growth can create serious problégae blooms die off as suddenly as they
appear, blocking sunlighaindthe dead vegetation can cafisel odors. The dieff of algae
blooms also causes a very high BOD loagdimigich reduceslissolved oxygetevels, andhe
lagoon may become anaerobic or seatid cause odor problems

A specific type of algae that can beblematic is bluggreen alga¢cyanobacteria)A bloom
(rapid growth) of bluggreen algae can lmaused by organic overloadingjtrient overloading,
high water temperatures, stagnant conditionand foul odors

Blue-green algaarephotosynthetibacteia that grow in fresh water lakes, pondsd wetlands,
as well as wastewat&goors. 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 accumuthte sanrface of the lagoon,
to the point where the surface of the water resembles thick pezgo$umpbluegreen in color.
Although these blooms occur naturally, water botheshave been enriched with plant nutrients
from municipal, industriglor agrcultural sources are particularly susceptible to these growths.

Blue-green alghblooms are unsightly, but more important, bgreen algal blooms can be toxic
if ingested by wildlife, livestockor people. Blueggreen algae produce neurotoxihataffectthe
nervous and respiratory systems and hepatotoxaisffect 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 stregdedy dead wildlife or
waterfowl. Contact DEQ dhelocal healthdistrict if you suspect a problem. Water suspected of
being contaminated with toxic strains of bigeeen algae can be sampled and tested for toxicity.

Algae mats should be broken up agpersed or physically removed like duckweglgiae can
also be controlled bghysical,chemica) and biological meansuch as the following

1 Lagoon coversdtificial or natural) eliminate sunlight, photosynthesis, and vegetative
growth.

Aeration or nixing 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 cormon chemical used to control algae.

Nontoxic dyes to reduce sunlight penetration in the water.

T
T

T
T

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 tiske@ending on the water quality of the stored
waterand how the ponds are maintained and oper#tedors are a problem aanticipated to be
a poblem, an odor management plan must be submitted to and approved by DEQ.

Theodor managemenplan should cover water treatment systems, land application facilities,
lagoons, and other operatioassociated with the facilitythe plan should include specifi

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 lagpns may be caused by the following:

1 Storage ofecycledwater with a high organic content

1 Stagnant conditions or long det®n times of water in storage

1 Lagoon turnover due to seasonal temperature changes. This causes a vertical movement
of the lagoorcontents causing the lower anaerolmoe to move towards the surface

1 Organic overloading (may be caused by tbeuanulation of dead vegetation alga¢ of
the lagoon

Most odors in the lagoon water column are caused due to anaerobic conditichsgenerate
odorous gases such as hydrogen sulfide and mercapans.

9.2.5 Insufficient Freeboard

A properly designethgoon system will provide adequate freeboard or safety volume to prevent
an overflow from the lagooi®verflow from lagoonsfor any reasoyis a violation of stateutes
andis subject to enforcement actiohllowing a lagoon to reach its maximum storage capacity
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before the start of theongrowingseason does not leave room for storing expesspitation
during extended wet periods thelate summeandearly fall, lagoons are typically pumped
down as far as possible

In Idaho, lagoons amesignedo have a minimum d feet of permanent freeboandless they
are under 50,000 gallons/day for whizFeet may be acceptabldnder normabperations, the
freeboard space will not be used for water storage. However, under some conditions, the
freeboard space may be encroached upon:

1 Extremely high precipitation event.

1 High flow into the lagoon from situations suchrapid population growthnflow and
infiltration problems, or in industrial systems, plant upsets or unusual operations resulting
in greatergeneratiorof recycledwater.

Inability to lowerlagoon volume to minimum levels prior to the winter storage season.

If a situation arisethat could result in approaching a lagoon overflomnas the
minimumfreeboardevel is encroached upocontactthe DEQ regionaloffice to

evaluate the situation and to determine what actions and approvals may be needed

= =

9.2.6  Short-Circuiting

Shortcircuiting is a condition that occurs when some of the water in a lagoon or basin travels
faster than the rest of the flowing watsspically between the inlet and outlet pip€his

problem can be caused by poor design, sludge accumulation in the lagoon betfetation

that hinders lagoon circulatioandtemperaturgradients in the water colunflagoon turnover)

Shortcircuiting is a bigger concern for lagoons that perform treatment or are used for chlorine
disinfection. It is of less of a concern for lagsaised 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 qualityhortcircuiting can be verified by the use of dye tests and may
be corrected or prevented bgingcurtains or baffles to redirect flow, relorag inlet and outlet
pipes, controlling vegetation, and removing excessive sludge deposits from the lagoon.

9.2.7 Sludge Accumulation and Removal

Sludge ighesemisolid orsolid materialin sewage that separateut during treatmenSludge
levels should always be evaluated@s much sludge can displace water volume and create
channeling or shotircuiting of the watewater and create problems that cause inadequate
wastewater treatment.is not expected that storage lagoons will accumulate a significant
amount of sludge since the storage lagoon generally follows after treatinersiudge
accumulation rate is imptamt for planning and determining the need for sludge rem8italge
accumulation is affected by many variables, including hydraulic and organic loading
pretreatment, temperature, dagoondesign.

A sludge inventory assesses #mount and locations gblids in the lagoorMany optionsare
availablefor sludge removabhnda stateapproved 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 considereithe responsible party legally as the generator of the sliigacipal and

industrial sludge may have different state and federal rule requirerSardge may contain

pathogens, nutrientand heavy metal§ludge may be disposedior beneficially used for soll
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augmentationTreated sludge is called biosolids. Biosolids when treated are safe for beneficial
use for soil augmentatiowhich include use for crop nutrients. Sludge may also be disposed of
at land fills if the land fill wil accept it.Requirements for land fill disposal includewdatering

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 operatomeed a basic understanding of pumps and their controls as well as an
understanding of distribution networks and their devibemost case3VWLA operatos will
be operating and maintaining equipment and systems thatesigned and installday
someone els&VWLA operatos will have greater success in operating and maintaining a
distribution system that was properly designed and instdilgcevera good design does not
guarantee thaecycledwater will be properly appliedPoor operation &n adversely affeche
performance of a welllesigned systenConversely, careful operation of a poorly designed
system can sometimes provialgood perfornmg land application system.

10.1 Pumps and Controls

10.1.1 Pumps

A pump is a mechanical device that impariergy to liquids to move the liquids from one
location to anotheiGenerally irrigatiompumps operate on the following principals:

1 Airis exhaisted from the working chamber

1 Atmospheric pressure forces wagaranother liquidjnto the chamber

1 The pumpmechanism forces the water out of the chambeatiog a partial vacuum
1 Additional water fills the lsamber to repeat this cycle

The general concepts associated with pumps and controls are found in Agpendix

10.1.2 Backflow Prevention Assemblies and Devices

Reuse facilities with existing or planned crassnections or interconnections between the
recycled water system and any water supply (potable or nonpotable), shalppaveed
backflow prevention assemblies devicesas required by the applicabldewr regulation and
approved byDEQ.

1 Approvedbackflow preventionassemblies are a category of backflow preventers that
have been evaluated and certified to meet certain standards. Third party approval
organizations certify assemblies to meet certairerraf designand performance
standards. They must meet performance standaatimclude pressure loss, head loss

and flow requirements. Assemblies are mechanical backflow preventers designed to be

tested and repaired-ime (AWWA 2012).
1 Devices are mchanical backflow preventers that do not meesgeeificapproval

requirements of an assembevices are generally nontestable and not repairatiean
(AWWA 2012).
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There shall be no connection between drinking water distribution systegrnsumid watewells

and any pipes, pumps, hydrants, wadading stations, or tanks whereby unsafe water or other
contaminating materials may be discharged or drawn into a public water sysgeound water

well. TheWWLA operator is responsible througadiflow prevention assemblies and devices to
take reasonable and prudent measures to protect the water system against contamination and
pollution from cross connection&n approved backflovassemblys 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
assemblytester, and repaired or replaced as necessary to manpiational 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 enth&lreport and made available for
inspection by DEQ. Othepproved means of backflow prevention, such as siphons agdmir
structures that cannot be tested, shall be maintained in operable order.

Backflow prevention may beequiredon a casdy-case basis, as determined by DEQ, to isolate
different classes okcycled water.

10.1.3 Alarms and Timers

Alarmsare controlsvith visual and/or audible signals thatlicatethat a condition exists in the
system requiring th&/WLA operatots attention. Thalarmsvary from a simple high water

level alarm to a multiplalarmsystem. The most common and necessary is the high water. alarm
High water alarms can be activated using the same ON/OFF controls used to sensy&ater
changesAlarms may be rededfor other parameters such as temperatyes\p power, and
sealfailures.

Timers are devices that alladlve WWLA operatorto control pumps or controls in specified
ways at predetermined timd3un cycle timersepeatedly open and close contacts according to
preset time cyclewhile pump run timers are helpful in calcuggfthe volume oflischarged
water.

10.1.4 Counters

Countergameasure pump activity related to flow. Countamsvide flow indication for timer
panels A counter can be used to addthp number of times the pump has been actiyatdadr
run counters, used tolcalate the volume afischargedvater.

10.1.5 Flowmeters

Flowmeters are instruments for measuring the am¢flow volume)or rate(velocity) of water

flow. It is necessary to know the flow rate itreatmensystem so that adjustments can be made
to pumpingrates, chlorination rates, and other processes in the systat@r flow rates must

also be known for calculating hydraulic and constituent loadings at a land application site

Elapsed timaneters are used to record the amount of time each pumprhiass a good way to
monitor the hours per day that a pump rudise elapsed time meter is used per pumg
flowmeteris not installed or operationah the discharge lin&/WLA operatos might be able to
use, under certain conditioascombination of pumpn timers knowledge of the operating
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characteristics of the puma,nd t h e ma n u peafarmancewve o estimpate ithp flow
(or volume)of applied water.

Flow-measuring devices must be periodically calibrateeinsurea knownpump discharge rat

and ensuré¢heir continuegrecision anégccuracyMost manufacturers and dealer

representatives will offer a service and maintenance agreement with a flowmeter for its periodic
calibration. Calibratiorns recommendeger manufacturer specified frequersiand when

conditions or damage (e,djghtning) 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 rateBor exampletotal flow in apump cyclemay 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 theabpump run time

Another standard to check against is pudrggvdownin a tank or wet well, or lagoon level
drawdown To estimate flow rate by the pump drawdown mettodider inflows and outflows to
the tank or lagoon must be shutoffprecisely measured.

The WWLA operatorshould use all appropriate techniques to heth 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 operatos must be familiar with common types of irrigatiorpigation devices
(sprinklers), irrigation system design, correct pressure settingstlaaddistribution system
operating issues.

10.2.1 Pipes and Fittings

10.2.1.1 Pipes

A piping systentonsists of th@ipes, fittings, and appurtenances within which a fluid flows
WWLA operatos should be familiar with pipesonnectionsand valvesGeneral informations
found in AppendiéE.

10.2.1.2 Fittings

Pipe fittings are joints or connectors between pieces of pxmmples arelbowsthat alter the
direction of a pipeteesandcrossesonnect a branch with a maplugsandcapsclose an end
andbushingsdiminishers, or reducing sockets couple two pipes of different dimensions

Pipecleanoutsshould be used whenevecycledwater has a solids content that causes the
potentid for solids buildup and clogging in pipinG@leanoutsare also advised at sharp turns in
piping, such as elbows, where water tends to slow déwpipe cleanout is typically aye

fitting (a pipe fitting with three branches positioned in one plane itarpaf the letter Yjhat

is installed several feet tffpw from the appropriate area to be cleagnggically at elbows or
sharp turnsThedead endf the wye is at the ground surface or above for easy access and is
capped off with a threaded plubhis access must be protected from equipment and trafe.

109



Wastewater Land Application Operators Study and Reference Manual

cleanoutallows theWWLA operatorto clean the piping with plumbing snakes, augers, or water
pressure cleaners.

Thrust blockings used in irrigation systemgsing moderatéo-high water pressurde 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 val¥ég)thrust block, which is typically a mass

of concrete, must lie against natural ground to offer the most proteeipmexcavation for

repair at any of these points is likely to encounter concrete thrust blocks, which must be replaced
when replacing e 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 (sprinkterbg the heart of the irrigation
systemputa welldesigned and properly functioning pumping system is critical to the operation
of the sprinklers. However, modfWLA operatos will spend much of their time dealing with
sprinkler management, maintenanaed 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 desigmedyfded
watercontaining solidsbut some have ba adapted fahis use Many irrigation devices

function well whergecycledwater is very dilute and has few solids or chemidals beyond

the scope of this manual to discuss all types of equipment availablé/WWhe\ operatorshould

be familiar withthe 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 inrecycledwater setting.

Some common types ofigation application deviceprinklers)are described below:

1 Nozzled The part of the sprinkler where the water discharge occurs. Important factors
are nozzle type (plastic, brass, taper boreing) and nozzle size at the opening (in
inches).

9 Full circle sprinkled A sprinkler that turns 360 degrees and wets a total cifblese
sprinklersare used in the interior and exterior positions of land application fields.

1 Partial circle or partial turn sprinkl@rA special sprinkler that allows thM&WLA
opeaatorto direct discharge to a select portion of the fiBldvices such as clips or
threaded stops cause the sprinkler to rotate part circle (less than 360 déteses)
sprinklersare often used to prevent irrigation into buffers, roadways, ditchesplolem
areas in the fieldNotethat using paral turn sprinklers, without changing other
parameterssuch as nozzle size or pressure, results in an increased water application rate
For example, &alf turn sprinkler with the same settings as a futhtsprinkler will apply
two times as much water per hour to the area it irrigétadal turn sprinklers must be
operated very carefully to avoid ponding and runoff.

1 Gund Usually refers to a large sprinkler with nozzle opening exceeadiedalf inch. A
gun is usually mounted ontgoarmanent riser d&-inch pipe size or larger, a traveling
gun cart, or the distal end of a center pivot system.
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1 Rotary head sprinklér A sprinkler whose head rotates around the base due to a
swinging, springoaded impact armlhe water pressure throws the arm to the;side
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.

1 Microspray heads Devices that distbute water in a variety of patterns other than the
rotary impact sprinkler head described ab&ater is deflected via vanes, grooves,
wobbling weights, and other devices that allow for water distributisnally, these are
used with lower pressures (@ 30pounds per square incpdl]), and often are used to
reduce wind driftThe length of water throw is limitethus requiringclose spacing

1 Drip emitter® Installed in flexible (PVC, polyethylene) tubing (hos&a)p emitters
allow water that is undearessure 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 hos that allows for pressure drop as the water is enattelcare used to
prevent wind drift.The orifice size is abownesixteenthto oneeighthof an inch and
distributes less thahgallon per minute.

10.2.2.1 Solid Set Irrigation Equipment

Solid set osstationary systems for land application are usually permanent installations (lateral
lines are PVC pipes permanently installed belowgroundg of the main advantages of
stationary sprinkler systems is that these systems are well suited to irregulpegt 8§bkls

Thus, it is difficult to give a standard layout, but there are some common features between
systems

Sprinkler spacing is based on nozzle flow ratethedlesired application rate. To provide proper
overlap, sprinkler spacings are normally@atd 63% of the sprinkler wetted diameter, or in the
range of 8 80 feet Other spacings can be used and some systems are designed to use gun
sprinklers (higher volume) on wider spacingdypical layout for a permanent irrigation system
is shown inFigure10-1.
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Figure 10-1. Schematic layout of a typical solid set irrigation system.

The minimum recommended nozzle size foecycledwater isone-quarterinch. Typical
operating pressure at the sprinkler is 25 to 60Smiinklers can operate full or partial circlhe
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; theeefmijacent guns should not be
operated at the same time (referred tbeed to head Most permanent systems use PVC plastic
irrigation pipe for mains, submains, and laterals and eithiechl galvanized steel or Schedule

40 or 80 PVC risers near the gral surface where an aluminum quick coupling riser valve is
installed Figurel0-2). In grazing conditions, all risers must be protected (stabilizéef} in the
field with animals.

The advantages of fixed irrigation equipment incltigefollowing

1 Flexible irrigation rates
1 Suitability for irregularly shaped fields
1 Suitability for tree crops

Disadvantagesf fixed irrigation equipmenicludethe following:

9 High capital costs
1 Limited use for row @ps
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Figure 10-2. Typical spray head for a fixed system.

10.2.2.2 Mobile Irrigation Equipment

Mobile ortravelingsprinkler systems are either caldsv, hosedrag travelers, center pivot, or
linearmove systems.
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10.2.2.2.1  Travelers

The cabletow traveler consists of a singdgin sprinkler mounted on a trailer with water being
supplied through a flexible, synthetic fabric, rubbePWIC-coated hoseA steel cables used to
guide the gun cart.

The hosedrag traveler consists of a hose drum, a mediensity polyethylene hose, and a gun
type sprinkler The hose drum is mounted on a multiwheel trailer or wagbe gun sprinkler is
mounted on a wheebr sledtype cat referred to as thgun cart Normally, only one gun is
mounted on the gun caiithe hose supplies wastewater to the gun sprinkler and also pulls the
gun cart toward the drunfrigure10-3). A tractor istypically required to move the cart from one
location to anothebecauséehey are typically too heavy faill terrain or passenger vehicles.

The distance between adjacent pulls is referred to darthespacingTo provide proper overlap,
the lane spacing is normally %o 8% of the gun wetted diametedperating pressures range
from 80 to 15(si. Like stationary sprinklers, traveling guns can operate full or partial cikcle
typical layout for a hardhose traveler irrigation system is showrFigure10-4.

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 travalsiaform speed from the beginning of

the pull until the hose is fully wound onto the hose reel. If the solids content of the wastewater
exceedd %, 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 gutype travelers range frot5to 20inches in diameteiThree types of
nozzlesaretaper borering, or taperring. 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 radBig, for the same operating pressure

and flow rate, the taper bore nozzle throws water ab%ufurther than the ring nozzlge., the

wetted diameter of a taper bore nozzI&%swider than the wetted diameter of a ring nogzle
resuling in a10%larger wetted area.

A gun sprinkler with a f@er bore nozzle is normally sold with only one ©ff@ozzle whereas a
ring nozzle is often provided with a set of rings ranging in size @d&to 20inches in
diameter This allows theVWLA operatorflexibility to adjust flow rate and diameter of dw
without sacrificing application uniformity

Furthermore, on water drive systems, the speed compensation mechanism is affected by flow
rate A minimum threshold flows required for proper operation of the speed compensation
mechanism. If the flow drogdselow the threshold, the travel speed becomes disproportionately
slower, resulting in excessive applicat@ithough a smaller nozzle is being used. System
operators should be knowledgeable of the relationships between nozzle size, flow rate, wetted
diameer, and travel speed before interchanging different nozzle sizes.

Advantages of traveling irrigation systems incltide following:

1 Potential bwer capital costs
1 Adjustable speed with no inteption of irrigation

Disadvantagesf traveling irrigation sgtems include the following:

1 High application rates on large units (0.3 to 1.0 inch pear)ho
Potential runoff and pondinfyjom traveler lanes

High operaing costs (energy)

Requires twgeople to operate

1
1
1
1 Limited use on forested sites (can result in dabgrunless diffusers are used)
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10.2.2.2.2 Center Pivots and Linear Move Systems

The use of centguivot systems for irrigation is increasinthe systems are available in size
from single tower machines that cover around 10 acres to multitower machines thatezan co
several hundred acreSenter pivots use either rotary sprinklers, small gdregy tubesor spray
nozzles Operating pressures range from 25 to 60PKp-type spray nozzles offer the
advantage of applying water close to the ground at low presshiah results iessdrift 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 Theunit is driven by electrical motemounted at thevheels along the

distribution pipeWhen properly designed and operated, the application rate of each sprinkler
head increases with its distance from the fixed centavaser isuniformly appliedas thepivot

moves in a circular motiori-{gure10-5 andFigure10-6). Center pivots typically are used with a
programmable control panel that allows the operator to reduce the hydioadiicg rate over
problem areas in a field, such as rock outcroppingspkgding up the travel time thie center

pivot.

Figure 10-5. Center pivot system.

Need-toi Know 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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Advantages of center pivot and linear move systems inthed®llowing

1 Excellent irrigation control (programmable)
1 Wide range irapplicationrates (0.1o 1.0 inch per hour)
1 Low opeating costs (energy, people)

Disadvantagesf center pivot and linear move systemsudethe following

1 High capital costs
1 Center pivots fixed to one sidowable pivots available)
1 Wheel tracks are potential source of rureftl ponding

10.3 Operational Issues

By understandinghe components of the irrigatiogséem) their layout and installation, and by
using monitoring deviceshe WWLA operatorcan effectively operate theigationsystem
Troubleshooting problems early can also prevent significant and expensive equipment
malfunctionsand possibl@egative impactto the environment.

The WWLA operatorshould be familiar with all components that make up a land application
facility, including the irrigation systenThis is most easily done by maintaining a set of
approvedas-built plans for the facilityppecause esign plans do not always reflect what was
actually installed during construction

Theasbuilt plans siould provide sufficient detaito that theWWLA operatorcandetermine the
location, size, and type of all pipeslves, and fittingsThis is especially important for buried
irrigation mainlines and lateralEhis will allow theWWLA operatoirto perform quick service
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and repair and keep spare parts on hHras$-built plans are not osite, a set may be obtained
from the design engineer for the facility.

If both recycledwater and supplemental irrigation water are applied to the land application
fields, determine if the supplemental irrigation water supply is directly connectedrezybked
water distributiorsystem If so, a DEQapproved backflow prevention device must be installed
to protect the quality of the fresh irrigation water supfflthe supplemental irrigation water
comes from two sourcdwell and surface wategn approvedacklow preventiorasembly
should be installed betweémeirrigation well and surface water delivery systeAn approved
backflow preventiorassemblys not required at the interconnectioha canal and a feeder
irrigation ditch.

The WWLA operatormust be familiar with pumgischarge rateand the factors that affect
discharge rates as described earlier. Knowledge of operating pressures in the field is crucial to
understandingnd evaluating water application flow rates and system efficidnisyvaluable to
measure presseliat several locationalso know as pressure surveys. They are usfiul

identifying bottlenecks in the irrigation distribution system and can aid in designing system
modifications or additiondMeasuring pressure at the discharge point (sprinkler oy grnovides

the most information about the actual rate of application.

Most guns have a fitting where a pressure gauge can be easily m&toteag impact sprinklers

can be fitted with a pressure gauge by installing a tee in the sprinkleOisan irrgation

system or zone with multiple sprinklers, several pressure readings across the field give the best
picture However, at least one reading near midfield and onetheaprinklers installed at

higher elevations provide valuable pressure informdtiothe systemThe pressure at the

sprinkler headlictates the flow rate (gallons per minute) throtlgkt sprinkler. Significant

elevation changes within one field or zone can result in higher discharge pressures and rates in
the lower portions of thedid.

Knowledge of pump pressure and field pressure canthelWWLA operatordetermine if

pumps are running efficienthAn operating pressure that is less than the design pressure may
indicate wearing of the pump or sprinkle@athering baseline datan also help determine

when pipes are beginning to cldgjockages, as well as broken or separated pipes, can cause
pressure reductions in the distribution systéhese problems often result in extremely wet
areas that will be obvious to tNeWLA operato. Wet and soggy areas near valves and fittings
may indicate that the pipe has been damaged or improperly instaitdnthat leaks are causing
the soil in the area to remain saturated.

Close monitoring of pumping rates by use of flowmeters or pump apgdta will help with
operational and maintenance decisions at the fadfitsnp, piping and sprinkler wear can be
predicted with accurate flow recorddhese records can also help YW&/LA operatordetermine

if infiltration and inflow from the colledbn system are contributing to thecycledwater stream
Accurate flow monitoring is important for compliance with state record keeping requirements,
and may indicate when a system expansion is necessary

If actual appliedecycledwater flows exceed therigation system design flow, then a detailed
examination of the pumping and irrigation systésminkler design and layout maghould be
conducted and necessary steps should be taken to maintain compliance reitis¢permit
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Pump monitoring recos] such as pump run time and number of pump cycles, can be used to
monitor pump efficiency and proper working of float switches or reRgt#owing an inspection

and maintenance schedule to identify and replace worn components will help a systeméo operat
at its design flow

In summarythe WWLA operatorshould maintain detailed records of all equipment and
operational parameters at the facility. In conjunction with a detailed setoilaplans,
operational and maintenance decisions can be madeuvidg@tong equipment life and efficient
overall system operatioAdditional information regarding the operation and maintenance of
land application equipmerd presented irsection13.4
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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 sectiondiscusses the operation and scheduling of the land application irriggstam As
discussedland application facilitiesonsistof many components, from the influent pipe to the
soil-cropsystem, and everything in betwedime WWLA operatormust understand the entire
system for it to perform propetlffhe WWLA operatordoes not need to bespecialist in all

facets of land appli¢eon system design, soil science, or crop scieHosvever,the WWLA
operatomeeds to understand dayday management and be able to identify those situations that
call for technical assistance.

A main function of a land application system is to pro¥idal treatment while protecting the
quality of the land application environmertnother function is to provide beneficial reuse of
therecycledwater and nutrients to produce a crOme way to minimize adverse environmental
impacts at a land applicatiaite is to maintain a healtlsystem for final treatmenthe WWLA
operatomust ensure that all aspects of the system are properly operated and mai@tained
and crops must be protected so that continued use of the land application site is Sndaoed
andground watemust be protected to ensure the integrity of these reso&ites must be
protected from poor field operations that destroy soil structimey must also be protected from
overapplication of metals, nutrients, sa#tsd other costituents that can adversely affect the
soil-cropsystem.

11.1 Irrigation Scheduling

Proper land application involvesing water management strategies to ensure that water is
applied at the proper time and in the correct amoihis balanceachieesthe following

1 Optimizesthe timing of nutrient application to matclop uptake

1 Maintairs adequate storage in the lagoon, if a lagoon is part of the land application
system, to handlall inflows of water and precipitatiomithout overtopping

1 Appliesrecycledwater at a rate and amousd thaino direct surface runoff or deep
percolation below the root zone occarslprovides the irrigation requiremefar the
crop throughout the growing season

The criteria listed above create an important frameworth®operation and maintenance of a
land application systerd responsibleVWLA operatomrmust understand howecycledwater

shauld be managed, have knowledge of the capacity of the system to store aneaubyl

water when appropriate, and make prudent management decisions concerning when and how
muchrecycledwater to land applyFor aland applicatiorsystem, this decisiemaking process

is calledirrigation scheduling
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Irrigation scheduling is the process okaering two questions:

1. Whentoirrigate?
2. How much to irrigate?

Effectiveirrigation scheduling requires knowledge of soil properties,soilsture contencrop
type, climate,irrigation equipmentand estimated daily/weekprecipitation deficitMonitoring

soil moisture will help prevent runoff and leaching of recycled water (including nutrients) to the
ground waterMonitoring soil moisture is important to ensure that land application of recycled
water is conducted within permit limit§his section scusgsthe interaction of these factors

and how to incorporate them into an effeciivigation scheduleKeep in mind that hydraulic

and constituent loadings are established by the facility permit for both the growing and
nongrowing seasons (if nongrowg season application is allowed in the permit) and should not
be exceeded’he WWLA operatomust comply with these permitted amounts when planning
irrigation eventsThis sectioralsofocuses on irrigation scheduling for growing season
operations.

11.1.1 Determining When to Irrigate

The followingquestions should be answered when deciding to irrigate:

1. Can therecycledwater 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 defiremaining for this crojpeing grown?

3. Are the fields dry enough to be irrigated?

If the answer to all three questions abovgeas then an irrigation event should be scheduled
The answer to Question 1 should be obviouteWWLA operatorfor growingseason
operations. Question 2 requires knowledge of the amount of nutrients that should befapplied
the crop growrand the amount that has already been applied

Determining the answer to Question 3, whether or not the field/isnough to be irrigad, is

not always obvious. Soil saturation can be determined by observing free water in an auger hole
However, other methodsandetermire whether a soil is saturated or nibthe soil is not
saturatedthe followingmethodscanbe usedo determnehowdry the soil is

1 A subjective methodhtat involvedeelingthe soil
9 Objective methods using seatoisture measuring devices
1 An accounting approach (checkbaukthod) to estimate seiatercontent

11.1.2 Basic Soil-Water Relationships

Before attempting to measure or estimate-waiter content, recall the basic saihter
relationships discussed $action6.4. Important terms to remember inckusturation field
capacity wilting point, gravitational water andplant-availablewater (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 soittsat the nutrients remain in the root zone for
uptake by the crop. Water not retained in the root zonetraagport constituentsesulting in a
pollution threat to either surface watgrpund wateror both.
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To usesoil-water measurements for irrigatischeduling, it is important to distinguish between
two categories of sailvater:

1. Gravitationalwate® The 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 soill
is too wetto be irrigated.

2. PAWO The amount of water held in the soil that is available to plants. It is computed as
the difference between the water content &d ftapacity (referred to as upper limit water
content) and the permanent wilting point (often referred to as the lower limit water
content) Although water is theoretically availaliteplantsbetween these two limits,
the soil water available to thegpits falls below the maximum allowable depletion
(MAD), there will be a loss in yield or crop quality due to moisture stiaggation
should be scheduled to maintain the water content of thatswie the MAD to avoid
crop moisture stress loss®&4AD is defined as thportion of PAW thatcan be used by
the crop at specified stages of crop development that will not cause yield or quality loss
due to moisture stres$ the soilwater content is abovieeld capacity gravitational
water is present andiigation should be delayadtil the soilwater content nears the
MAD under normal operating conditiafiagure11-1 depicts the relationship between
these sotwaterterms

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 howwateh
shout 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 def,

AWC in the root zonegan be estimated for variousidextural classes by using the United

States Department of Agriculture, Soil Conservation Service, soil survey reports. Estimates are
done bytaking the AWC(inches of wateperinch of soil) value and multiplying it by the total

inches of soil root deptwhich will yield the number of inches of PA thesoil 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 (inwt)ich 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 2esabf PAW per foot of soil for silty

clay and clay soilsTable11-1).

At the start of irrigation, the water content in the soil should be at or lalnier) 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 applicatiprovided this amount does not exceed the required
nutrient application rate or violate antherpermit 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
appliad.
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Figure 11-1. Soil-water relationships.
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