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1. Purpose. This manual has two basic purpeses. [t can-be used by the
aperators of existing and future systems to supplement the operation and
‘maintenance {Q4M) tnformation furnished’ to them.on the mechanical elements in
-thelr systems., It can also be used as a guide for the preparat1un of future
O4M manuals,

2;. Applicabiiity. Thts mzrual applies to a11 Fleld uperat1ng act1v1t1es
havying ¢ivil works destgn respomsibilities.

3, General, This manual presents genera1 quidance for the preparation of
site-specific operation and maintenance manuals for the basic land treatment
systems used to treat wastewaters, and to supplement 0&M 1nfurmatiun already
provided for existfng systems.
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CHAPTER 1
INTROINCTION

I=1. General. This menual prasents general guidance for the preparation
of gite-specific opetation and maintenance (04M} manuals For the hasic land
tTeatment aystems used to treat wastewaters, and to supplsment 084 Informa—
tion alzeady provided for existing systems, There ave three basic Bystens
that differ in the rate at which water 1s applied and in the flow path aof
that water alter applicacion. These systems are zg follows.

&8s Slow rate. This type of system is similar to conventional agricul -
tural drrigation practice. Wastewater is applied to an area coverad by
vegetation. The vegetatieon Is ar essential compenent In the system and cha
applied wastewater is treated as it trickles down through the soil and the
root zone of the ecrop. A tvpleal leading for a site im the northern U,.S.
night be about 2-1/2 millicn gallons of wastewater per Year per acra.
Chapter 2 provides additfonal details on the process and necessary site
cenditions.

b. Overland flow. In this type of syetem, wagtewater is applied at the
top of gently sloping grassed fields. The surface has been smoothed during
construction 8o rhe wastewater flows down the slope in 2 shallow sheet to
collection ditches at the tee. The solls are usually clays or other imper-
meable types, The wastewater iz treated 25 a result of contzel between 1t
and the grasses, the soll surface and the organlc mat on the slopa. Annual
loading for a site in the northern U.S5. might he abovt 5 millien gallons of
wastewaler per year per acre. OChapter 3 provides additional detzils en the
PTOCESS. :

c. Rapid infiltration. Thia type of system uses floeding of opea
hasins in sandy soils, Vegetation In the basins is not necessary for
treatmant, The wastewater is treated as it percolates through the upper
goil layers. A typical icading for a sits f{n the morthern U.5. mlght he
about 32 million gallons par year per acre. Chapter 4 provides addicional

detaile on the pracess.

1-2. Purpose and scope. Thia documeat has two basic purpodes. It can be
used by the operators of existing and future systems to supplement the 08N
information furnished to them on the mechanical elements in thelr systems.
It can also be uged as a puide for the preparation of future 08M manuals.
The writer of the O0&M manual can take the necessary chapters from this
document and add them to the gpecific information on operation and mainten-
ance of the equipment Involved. Operators of existing syatems only need to
he concerned with those chapters covering the type of process they are
responsible for. The typee of equipment that can be used and the possible
combinations are almost Infinite, so this document cannot poesibly covar
all of thar material. Thig manual does provide the fundamental proacedures
that are conmon to the basic land treatment systems. Special eonditions
that are unique to a single site are also bevond rthe seope of this document
and mugt be Ineluded dn portions of the sits—specifis 0&M mamnal. There ia
some dupliecation in this documant hetween the techaical chapters because

1.1
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there are common elements in the varlous procesaes and each chaprer is &;__'
intended teo stand independently. The operators and future manual writers

using this document should be primarily concerned with the chapter describ-

ing the process of Interest to them and appendix A. However, chapter 2 '

does contalin Ehe most detall on monitoring procedurea that may alse be

applicable to the other systems, so these sections should be consulted If

mond toring 1s an issue of concert.

1-3. Dafinfitions.

scre=foot ~— & liquld measure of a wolume equal to covering a l-acre area

te L~foot of depth.

Aerosol — A suspension of colleddal selid or liquid particles in air or
gas, having swall diameters ranging from 0.01 to 30 microns,

uieclude — A gesilogis Formacion which, although porons and capable of
absorbing water slowly, will not transmit it rapidly encugh to furmish an

appreclable supply for a well or spring.

Available molature — The part of the water In tha soll that cen be taken
up by planta at rtates significant te thelr growth; the molsture comtent of
the soil in excess of the ultlmate wilting point.

dvatleble nutrient —— That portion of any alement or compound im the soil é;:k
that can be raadily absorbed and assimilated by growing plants. s
{"Available” should not be confused with exchangeable.)

Evapotranspiration — The combined losa of water from & given area and
during a specified period of time by evaporation from the soil surface,
‘snoww or intercepted praclipitation, and by plant transpitatieon and tissue

building.

Field area — The "wetted arsa" where treatment occurs In a land
application svgkem.

Fleld capacity (fleld melsture capacity) — The mofature content of sell In
the field * or 3 days after sakturation and after free draipage has
practically ceased; the quantity of water held in a 201l by ecapillary
action after the gravitatiomal or free water has baen allowed to draing
expressed as molsture parcentage, dry weight basis.

Fragipan = A loamy, dense, brittle subsurface horizon that iz very low in
organic matter and clay btut 1s rich in silt or very fine sand. The layer
is seemingly cemented and slowly or wery slowly permeable,

Horfzon {ae0fl) — A lavaer of snil, approximaraly parallel co the goil
gurface, with. distinet characteristics praduced by soll-forming processes.

Infiltrometer == A device by which the rate and amount of water infiltra- _
tion intas the soil is determined {eyilinder, sprinkler or basin flacding). “al

l-2
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Lygimeter — A device for measuring vercolating and leaching lossea from a
column of s0dl. Also a device for collectlng soll water in the fleld.

Micronutrient — A chemical element necessary In only trace amounts {lase
than 1 mg/L) for mietoorganism and plant growth. Essentlal micromutrients
are horon, chloride, copper, 1lron, manganese, malybdenum and zioe.

Mineralization — The conversion of a compound from an organic form Fo an
inorganic form as a result of micrehbial decomposition.

Sodlc 5011 — A so0il that contains sufficient sodium to interfere with the
growth of most crop plamts, and in which the- exchangeable sodium percentage

1= 15:1 or more.

Spill water — That water present in the seoil pores in an unsaturated {aera-
tion) zone above the groundwater tabls., Such water may either be loet by
evapotranspiration or percolation to the grouvndwater table.

Tensiometer — A device used to measure the negative pressurs (or tensfon}
with which warer ds held in the soll; a porous, permeable ceramlec cup
connected through a tube to 2 mancmeter or vacuum gaugs.

T11l = Deposits of placial drift 1aid dowm where the gzlacler melts, con—
glating of a2 heterapensous mass of rock flour, clay, samd, pebbles,

cobbles and bonlders intermingled in amy proportion; the agricultural
cultivation of fielda.

Tilth —- The physical condition of a soll as related to 1ts ease of calti-
vation., Good tilth dis associated with high nencapillary porosity and
stable, granular structure, and low ifmpedance to seedling emarpance and

oot penetration.

Transpiration ~— The net guantity of water aboorbed Ethrough plant rooks
that is used directly in bullding plant tisszue or glven off to the atmos-
phere as s vapor from the leaves and stems of l{eving nlants.

Volatilization — The ewaporatiom or changing of a substance from Liquid to
VaROL. :

Wilting point -—— The mlmimum quantity of water do a gliven soll necessary to
~malntain plant growth, When the quantity of moisture falls below this, the
leaves begin to drop and shrivel up.

1-3
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CHAPTER 2
SLOW RATE SYSTEMS

Section I. Process Description

2~1, Introductinn. Slow rate land treatment is tha controlled application
of wastewater teo a vegetated land surface, A portdon of the flow is used
by the vegetation and the remainder pevcolates below the root zone into
deeper apil layers or the growndwater table., The wastewater la Ereated as
it passes through the topsoil, the root zone and the deeper soil lavers,
When the groundwater 13 a drioking water agquifer, the system 1s designed
amd -operated so that deinking water standards can be maintained at the
project boundarfes. BSlow rate systems Tesemble conwventional irrigation
both in layout and operation. Sprinkler units can be fixed risers or
moving systems such as center pivot rigs. Surface application technlques
include ridge and furrow, and border strip floodiug., Slow rate systems are
the most common type In use at Corps of Engineers facilitiea. Table 2-1
sum2rizes the typical site charvacteristics, design features and perform—
anca expectations from slow rate land Ereatwent. Flgure 2-1 I11lustrates
the various hyvdraulic pathways in slow rate sysLems.
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Figure 2-1, Slow rate hydraulies patheways.
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Table 2-1. Typical characteristics of slew rate land trestment evotems.

S1te characterigtics

Grade Lese than 20% oo cultivated land;
less thaw 40% on uncultivated Iand.

Soil permeability Hoderately slow to moderately capid.

Depth to groundwater 2-3 feet (miuimum).2

Climatic restticticns Storaga ofren needed for cold weather

and during heavy rainfall.

Design features

Applicatitm method Sprickler or surface flacdigg
Annual loading rate {feet) 1.5 to 20 = (11-150 gal./ft” per year)
Field aree required {acres}® 60 ta 700 :
Typical weekly loading (inches) 0.5 to 25
Minimum preapplication Frimaryc

treatment in the I.5.
Vegetation Hequired

Expacted percolate guality

Avarags Upper range
BOD {milligrams per litre [mg/L]} <2 <5
Snapended solida {mg/L} <1 {5
Ammonia nitrogen (as N) (mg/L) £0,5 <2
Totzal nitrogen {as N} (mg/L) 3d ¢gd
Total phoasphorus {as P) (mg/L) <.l <0.3
Fecal coliforms (no./100 wh) 0 <10

2 Underdrains often used at sites with high natural proundwater to maintain
this level, see figurs 2-1.

b Field area Is rhat part of systen actually wetted by applied wastewater,
it does net Include btuffer area, roads or diteches. The acras shown are for

a typleal L milllon-gallon—pac—day system.

¢ Une of primary wastewatar requires restrietion of publie aeceszz to site
and production of crops mot used directly by peaple.

g Parcolate concentration wlll depend on ampunt In applied wast{ewater gnd
type of wegetation used in the system. |
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2-2, Hydraulic loading.

a. . It is typlcal for most wasce treatment processes to be described in
terms of the flow wolume per unit of time, surh as cubic metsrs par second
or gallons nper ninute, etc. The loadings on the process units are then
often dafinad as that volume divided by the surface area of the tank or
pond (1.e. gallons per gquare foot per day). Slow rate land treatment ie
differant, howavar. Since it Is rclated to conventiomal irvigation prac-—
tice 1t iz typical to describs wastewater loadings fn terms of the depth of
water applied over the treatment surface area during the time under discus-
slon. These leading units are still in essence the more famillar volume of
flow {cublc feet [£t°]) dividad by the surface area Invelved {square feet
[£t%]) to give the unite of depth (Fc® # £t? = fr), 4s shown ia tahle 2-1
a typical system might apply 3 metres (9.8 feet) of water per vear om a
field. Conversion to more familiar terms is relatively easy since:

= 1 cantimetre {ecm) of water on ! hactare (ha) = 100 cubie metres (m3}
- I mecra {m} of water on 1 hegtare = 103,000 cubic metres

1 inch {in.) of water on 1 acre = 27,152 palloms (gal.)

! foot {ft) of water on ! actre = 325,829 gallons

So, a2 loading of 3 metres per vear would be equal to 30,000 cuble metres
per hectare per year, or 3,207,133 gallons per acre per year, or 73.6
gallons per sguare foot per yedar.

h. It 12 also rypical for most community waste treatment syetems to be
1n uea 24 hours a day, 363 days per year. This is not true for the land
treatment portion of slow rate systems. The 2ite 1% vewally divided into
subateas and the applicatiom ie frequently rotated bettween fields. A
particular subaren might then only receive waatewater a few hour= far 1 day
each week. Systems 1o extreme climates might shut down completely for

‘several weeks in the winter and store the wastewater In a pond durileg thar
petriod. If a 1=foot par year zystem were operated 52 weeks per year the

average weekly loading would be:
{10 f£){12 in./ffr) = 52 weekp = 2.3 in.fuweeck.

If the avstem ahut down for 12 weaks per year, the operational season would
be &) weeks and the averazpe weekly loading smuld have to be:

C(10 fE3(12 Im./ft) ¢ 40 weaks = 3.0 in./week,

The system design might require that a particular field receive its entire
weekly loading during an &-hour (hr) peried, 1 day per week. The actual
application rate would then be:

3 in., + 8 hr = 0.375 in./hr

It is this final, shert-term application rate thar iz the basis for the

deslgn of the delivery pipesz and pumping systems, For example, 0.375
ine/hr wn 2 29 acre field would require a pumping capacity of (minutc

[min], secemd [s]):
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£0.375 in./hr) ¢ {12 in./fe) + (60 minshe) # (60 e/min) = D.ﬂﬂﬂﬂﬂ&f.ftfs

+

(0.0000087 fr/s) (25 acres) (43,560 fr?/acre) = 9.45 ft3/s

or

c.
figure I=l.

£9.45 £r3) (448,8) = 4241 gallons per minute {gpm}.

The hydraulie pathways for the applied wastewater are illustrated In
The racovery or gubzurfacs pathway used in a system is partic—

ularly important for determining monitoring requirements, which are dis-

cugged 1o sectlon

2_31

Sysitem tvpes and management.

ILr,

The type of slow rate system can range

from a remote Forested site with no public access to a golf course or park

with daily public

ey

These -gystems can be managed by the Corps of Enpi-

neers or contract personnel, ov be bullt by the Corps of Engineers and
These various combinations and the
eritical factors t¢ be conaidered for each are summarized in table 2-2.
Both the type of system and the management plan are decided on during
degign; however, either can be changed later, so the system operator should

apervated by state

be aware of the implications of such a change.

Table Z-2.

or local azgencies.

Mangomemnt nesds

In general, a change from

Slow rate system types and matagement needs.

Corps af Englamars

Sustem v Buk It and aparated

I Farast slte, rewcts,
na puk| e Beadt,

2, Forest aite, Ilnfted
publ iz mEsess for RIkIRg,
hun iy, ate,

A, Agricultural =1te,
pagtura with anined
greZing. Mo publle mccass,

4. Agricultural alte,
rop production mng e =
ezt e publfz acoess,

5, Recramtlonnl 5[ts,
conFinuous publis secads
(gel! courims, play-
qraounds, arhletic flalds,
B, b,

Carps of Englawery bui [+,
cantractar oo etod

Garpa af Englneers, siata
ar |casl agemoy cpercted

Primary attluent sul+abie,
Trew hMarvast progean |F
ni=ragin Fieaval |5 avatem
rFaqul rement, Cperationr of ten
tanganal ,

Pend aff luent suitabls |
acgya | Imitad to apallca-
Tian asasan, Tres horvast
preqran A4 esbove M onasdad,

Mot typlcal for Corps of Engl-
macry gyatems, codld (maga
rights, Frimary attluent seft=
sbim, Avald daloy amlaals,

Mot +typlcal Ffor Dorps ot Emgl=
Reett™t sy=toms, axcopt [eaae
for ‘orage grakr er hay har=
vest. One 10 thrge cuttinga
per 1amzon dapending or loca-
tram pnt <1mate. Prlmmry

af Hluant syl table,

Mora common o watgr ghert
sroax. Namds blolagieal trast-
mant, In Jamd or aiml [a+, and
an oxidlzed, stable off luent

with tecad collfarm 20000 ml.

Somw a5 Corps of Englnedry
apeatad,

Fond afflusnt, with fecal ooll-

ferm 10007100 nd 1+ spoess
nor redtreleted durfrg season,
CthmPwlie Some o na, 1,

Fond et fuent with facal <|1-
form <10005158) L alnee |oss
direct control ower type of
enlmal o perlods of Bceasa,

s

Could be Farmet by contract
opimcator o by aubcontractor;
tranamladion of vaxtowatar to
fotm | farmers posslbla, To
cover Bll cases rasd pond
abtlipant with tecal coflform
S1000/ 108 mL, Aveald hisign food
cropd thet are seten row,

Sema mo Garpy of Erd1ritears
At atad

Sama =3 Cowat ot Enginaers
opecgted, State or lpoal
Anmmoy may Aave wdditienal
rFaglirpeents,

Seme a1 controdtor gueration
w¥h ahy sdd | +lonal state or

Itgal requlresmants,

Same a3 san*rector opargtlon
with apy peditlonml stats o
lacal requlramants,

Minlaum raqiframants same a8
contre bor oparation, Srate
nay | [ml+ typos at ergp To 44
preduced o have cthar re=
strctlans,

Same a5 Dorps of ERglasess
cparated, dddltlon=] pallsh-
g arap (ehenmlcal tragtnant,
FIltaars, mlcroscrasny)] somg-
Tl used for cans Istamt |y
Py SuEpended 3ol 1da,
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forest te crop production or a decision to allew public access may Tequire
higher levels of preapplication treatment and disinfection. & shift from
direct Corps of Engineers operation to contract or local agency management
may requitre simllar considerations, particularly if the Corps of Engineers
Is stil]l responzible for performanca,

Section II. Staffing Requirements

2-4. Introduetion. The number of operating personnel and the skill levels
required of them will depend on the typa of system (table 2-2) and on its
size. Figure 2-2 presents an estimate of the personnel needs of typical
$low rate land treatment systems. The figure shows the approximate number
of man-hours per day for the smaller svstems aad the number of Full-time
employees requited for the larger systems. These estimates are only for
the land treatment pertion of the system. Additional time will be reguired
for operation and mzintenance of any sewer systems, sewer system pump
stationg and the preireatment processes that are used prior to lend treat—
ment. These estimates are for a “typlecal™ asystem; an agricultural operation
producing row cropa will require mora time for D&M thap Indicated, a
foreasted site will require less, The time required will also vary with the
equipment wsed. For instance, a center pivot unit would require less time
than solid=-set sprinklerz or z suriace flooding operation. The level of
preapplication treatment also has an influence; the wuse of primary affluent
will reguire more atteptisn than the use of pond or secendary affluent
berause of sprinkler cleaning, ete.

q

14

 Daly Flaw (gpd]

|

Man-hourafdoy

b,

Oally Flaw (mgd}

Ma &f Fall-tima Employess

Flgure 2-2. Pergonnel needs for land treat-
ment portion of slew rate eystems. -
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2-3. General skills. The general skills raquired for routine speration of
all types of slow rate systams ate essentislly the same as thosa needed for

routing operatien of any simple waste treatment gystem. The major mechani-

val tasks involve operating and zerviclng pumps, motors and valves. The
only "new” wechanicazl elements are cemter pivots or similar rigs and the
sprinkler nozzles. The mechanical components of the former are all
familiar (drive motors, grease fittings, etc.} and are not difficult to
sexvice. Spriokler nozzles will requite attentiom but manufacturar's
literature provides clear inscructions for servicing the type chosan for a
particular project, A uniqua requirement for slow rate land treatment fg
deciding when to turn the water on and off or whan to switch the applica-
tion to a different part of the eita, A baslec program and echedule of
operations will have been determined for each project during final das{ign.
Howaver, this may require adjustment by the operator if flow ipcreages, 1f
a yaar 1s especially wet or dry, or if the vegetation used in the systen
changes. BSection [ of chis chapter introduced the hydraulie leadfing con-
cepty, section IV will preasnt further details om specific operating proce-
duress.

2-6. Special skilla. The opetrator of z forested site will somatimes need
expert advice to help with problams such as insect infastatieus or plant
diseases, ot fo determina which trees to cull or when to clearcut. The
operator of an agricultural site will rvequire all of the farming skillas
nermally ssscciated with the particular activity {pastures, hay crops, row
crops, atc.). Recreational gftes require particular attention to water
quality to maintain adequate health protection (aee section III for infor-
matlion on mondtoring). In addition, the wastewater applicetion echeduling
for recreational sites requiras caraful contrel so as not to interfere with
recreations]l activities. That will usually involve nighrtime or off-season
application. MHany recreational aites will include a carefully waintainad
turfgrass cover. The operztor ma¥ need expert advice from time to time on
‘procedurea for regeeding, wead coutrol, supplemental fertilizarion, ete.
Most atates now have licemeing programe for wastewater treatment plant
operators. Although these programs tend to foeua on the convantional
mechanical aysteme for wastewater treatment, it would still be beneffcial,
and possibly necessary, for land treatment system operators to cbtein
operator licenses. The training involved in these programs should help the
gperator to betfer understand the health and safety requirements of wasta—
water treatment as well as opersticn of the mechanical components common to

all systems.

Sectlon II1. Procesze Contrgl and Monitoring

2-7. Introduction. The information needed for operation of the system is
obtainsed through the monictoring program. Monitoring neads can be divided
inte two categor{es. There fs compliance monitoring te certify that the
gystem 1s meeting the requiremencs of cthe Federal, state and local agencles
that are responsible. Theve 1s alsc voutine process monitoring to ensure
that all Internal componencs in the system are cost effective and funcrfion-
ing as designed. This ty¥pe of monitoving Ia necessary even if regulatory
cequirements did not exiat. However, It 1s often possibkle ta satisfy boch
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regulatory and operating needs at rhe same time if the monitoring program
ig carefully planned,

2=8. Compliance monitaring.

4. General.,” The Federal governmeat and all states have regulations
contralling discharges to surface waters. Land treactment systems with a
peint source discharge will cequire a National Pollutiom Discharge Elimina-
tion System (NPDES) permit from the appropriate agencies. However, not all
land treatment systems have a point discharge to surface waters so an NPDES
permit {s not always required. Land treatment systems that collect the
treated water with underdrains or wells and then discharge it to surface
waters will peed 2 permit, ae will most overland flow systems (chap. 3).

In general, the hydraulic pathways shown in Elgpire 2-1bh for slow rate
systems will require an WPDES permit, the othars will not.

{1) Alrbough a discharge permit may not be required for the case
where the treated water remains In the ground or ewarges into surface water
at some remote place {(fig, 2-1c) these systems are not ignored by the pregu-
latory agenefes. Many states now tequire permits ko discharpe to ground-
warer, Their crireria range from very specific regulations that have the
fotce of law to general guidelines that may be stroongly recommended but
which are mwora flexible im application than regulaticns; there are also
cage~by-case determinations that depend on the site conditions and opera—
tional plan of a partdcular system.

{2) These comtrols protect the health of the operators amd the
general public, as well ag aafeguard the environment. The COncernt goes
beyond water quality and cen Include the rype of crop to ba grown, the
condition of the =011 and the presence of airborne aeroeoal particles=. As a
result, some agencles Issue apecific criteria relative to the type of
"gystem that can be operated az well as specific monitoring requirements to
ansutre compliance.

b. Federal puidelines. The I.85. EPA has issued guidelines for the
laval of praeapplication trszatment helieved sultable for warioms types of
land ‘treatment =vstems. These guldelines are {atended {o protect the
public health and they become morTe stringent as publiec access increases ot
when the crops grown enter the human food chain directly. Table 2-3
presants the T.5, EPA puidelines for all three of the major land treatment
systenms. The U.5. EPA does nor have monitoring requirements for Iland
treatment Eystems that don't have poivnt source discharges. Generally, the
normal ptocege control menitoering (para. 2-9) thar should be undertaken for
all systems will be adaquate to gnarantaa succassful operarion of the
syaten.
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Table 2-3. Guidance for assessing level of preapplication craatment.

Slow rate ovstems (reference sources dmclude U.S. EPA water quality
eritaria and various state guidelines).

= Primary traatment —- acceptable for {sclated locatioms with
restricted public access and when limited to crops net eaten

raw by pecple.

- Biologlecal treatment by lagoons or In-plant processes plus
contral of fecal coliform count ta less than 1000100 nL--
acceptable for controlled agricultural irripation, except for

human food crops to be eaten raw.

- Biological treatment by lagoona or in-plant processes with
additional BOD or suspended salides control as neadad far
aesthetics, plus disinfection to log mean of 200/100 mL (EPA

facal coliform criteria for bathing waters) —— acceptable for
application in publie access areas such as parks and golf
COULSEE.

Rapid-infiltratlon systems.

r-l'..'"“*u_h

- Priwmary treatment -— acceptable for Isolated locations with
restricked public access. i

- Biglogical treatment by lagoons or in-plant processes -
acceptable for urban locationa with controlled public acecess.

{verland flow systems.

= Screening or commi mut{on ~- acceptahle for Iisalated sites with no
public access. '

- Screaning or comminucion plos aeratiom to control adors during
storzge or applicationr — acceptable for urban lecacioms with

no public access.

£« State requirements. AlIl of the 50 states have an interesc in and

some Level of control over the monitoriag of land treatment systema, even
though there is no surface discharge. Table 2-4 i3 a listing of the states
that have monitoring criteria and the level of control that they impose fas
ef 1 January 1982}, The monltoring requirements for a particular system
will have been determined during design and will be written Inte the site-
apecific portion of the 0&M matual. Where applicable, the guidelines or
regularions fram rthe atate ageney should be inciuded in the manual. The
eperatot must then he aware that 1f he changea the mode of operation, or if
he allows public a2ccess or changes the crops to be growm, thers may be a
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change in the monitoring program. In the first two categories of tabie 2-4
the operator can determine what changes might be needed by reading the
guidelines or regulations. In the last category direct contact wich the
state agency will be needed.

Table 2-4, State control of menitoring.

Regglatinn

Califernia, Delaware, Michigan, Minneseta, Oregon,
Fenrzylvania, %outh Carolina, Vermont, Wisconsin,
Wyoming :

Guidelines
Georgla, Illinois, Maryland, Nebraska, New Hampshire,
Kew Mexico, Wew York, Ckiahoma, Texas, Virpinia, West
Virginda

Case—by—-Casze

All others — 28 stakes

d. Monitoring locatioms. It I8 not possible re preseat here all of the
states* specliiic requlrements for the type and frequency of testing of the
applied westewater, percelate—-groundwater, soils and cropas. Such a listing
wourld be too complex to be of walue and would rapidly be cui of date since
many agenclies fragquently update and tevise thelr criteria. However, It i3
possible, based on present criteria, to summarize the areas of most coneern
to the state agenciss. Tahle 2-5 cummarizes the number of states that
monitor the major components of a land treatment systam: the applied waste-—
watar, the groundwater, the soil, the crop and asresels. Their level of
concern rangas from required monitoring to case-by-case judgment to no
concern at =ll,

Table 2-%. HKumber of states with monitering criteria.

Applied
Monitoring waRtewater Groundwater Sell Crop  Aerpsol
Requi red=tecommanded 25 14 5 Z 0
Suggested 0 0 2 P Q
Case-by-zasce 20 31 20 23 15
Ho concatn 5 5 23 23 35

2=9
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2. Wastewater monitoring. The mzjority of stares are concerned about
the quality of the wastewater to be applied, and 25 have specific regula-
tions or guidelines. Groundwater protectiom is a case-by—case concern and
i1t depends largely on the groundwater use in the vicinity of the facility
and che classification of the aguifer. Monltoring of the seil 1s usually
ef the precess conbtrol type o make sure the system operates properly or to
watn of long-term effects that might inhibit the Future uwse of the sita for
other purpeses, Crops are also monitored for operatinnal purposes but the
laval of concarn increases when the crop iz consumed directly by peopla.
The potential for asrosal contaminmakion dg of little econcern to most state
ageneclan, axeapt on 2 cage-by-casse basias for reereational sperations and
thoae that are close te the public.

{1) A typleal example of the type and fraquency of menitoring re-
quired for the applied wastewater is shown in table 2-6. The Blochemdenl
Oxygen Demand (BOD), pH, nitrogen and phosphorus are familiar water gquality
perametars tested for In most systems. However, In thls rcase the main
purpose for monitoring the pH, tutrlents and other critical chemieal inputs
ie to make successful opevation of the sysrem certain, This 1s essentially
process control monlitoring since the purposse 1s to ensure healthy vegeta-
tion and succesaful operation, which in turn will emsure tealization of
deslgn goalz and compliance with water quality requirements. Many param—
eters (metala, etc.) are not shown in teble 2-6. EBither they are not
generally prasent in sufffcient concentration in the typical domestie-
minicipal wastewatars or theilr presence has no direct effect on the proper
operation of the system.

Table 2-6. Typlcal monitoring schedule for applied wastewatar.*

Eize.af system (med)

Parameter 0 - 0.075 mare than 2.0
BOD ence/d monthe twice fweel
Suapended solide oncef3 months twlce/waek
pH coce/d months twice fwesk
Eieldahl-nitrogen once/3 months twice/week
Ammonium-nitrogen cnee/6 memths once/waek
Nitrate-nitrogen onece/d months once/waek
Phosphotus cnce/f months once/week
Chloride onca/6 months once/waak
Sodium onee/vear ' once/month
Caleium oneefyear once/manth
Magnesium once/yazr once/month
Potassium onca/vear ance/month

* For systems ﬁithuut significant storage. Use criterda {o table 2-7
for effluent applied Erom storage pends. Interpglate for intermedlate

slzes.
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(2} A similar listing will be included as part of the site-specifle
0&M manual for every system. If thete are no speciflc requirements from
state or local apgencies, then the listing in table 2Z-6 1¢ trecommended for
Corps of Enpineers aystems receiving typical domestic—municipal waste-
waters. Composite samples should be raken, if peossible, during | day's
aperatiom éither at the pumping station or at the zctusl applicarioen zita,

f. Groundwater moniterinp. OGroundwatar is usually monitered at the
system boumdarfesz when the quality of driuking water supplies are a fac~
tor. Nitrace-nitrogen {NO3™-N) is the parameter of greatest concerm, but
it is advisable te measure the other forms of nitrogen (TEN, NH4+} as well
since they might subsequently oxidize to nltrate. In general, slow rate
systems that can remove eacugh nltrogen to meet dripking water atandards at
the project bouandaries wi{ll alsc remove all of the other constituents of
congern in typleal domestic-municipal wastewaters. Frequent sampling is
not necassary because groundwater moves relatively slowly and rapid changes
in quality will oot be observed. Samples taken once or ewice per year
should be sufficient. The desipn of those systems that operate omly
seasonally should include an estimate of the travel time for the percalate
to reach the project bouadary and the sampling operstion should be
scheduled accordingly.

{1) Sinece there may be little wvertleal mixing of the groundwater and
the systen parcolate, the sampling depth of the monitoring wells must be
carefully selecred during design. Walls that are ton deep will probably
not ohtain samples that have boen Infloenced by the land treatment opera-
tion. The original Loecation and depth of monitoring wells should bhe deter-

Lacked Cap

Shagl or
V|Cengrere Collar

5030 Socl Camand
or Gy Mis

ataral Soil BazkFill
a" fin Plastic {tomped)

ar Steal Pipe ———%&

.| A Fipure 2-3. Tvpical shallow monitoring

Wl S-EFBEI'If it
[qt 1&25t 1" lang well.
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mined daring design. BHowever, it may be necezsary to add new wells 1f
cperaticnal conditlons change or If groundwater levels were not properly
determined during design. Figura 2-3 {llustrates the design features For a
typical shallow monftering well thar, depending on soll conditions, could
be installed to depths of 10-15 feet by the system operatnr. Deeper walls
will generally requice mechanical drilling techniques.

(2} Croundwater monitoring walls are zometimes installed within the
application site as well as at the project boundaries. These wells monitor
parformance Immadiatsly beneath the application site and measure the depth
of groundwater under the application sfte. Figura 2Z-§ illustrates qne
relatively easy techaique for measuring the depth of wmter in menitoring
wella. Since samplea are taken infrequently from these menitoring wells,
the water atanding in the casing will nok be representative of the true
groundwater quality. Ar least three casing volumes should be pumped or
repaved with a well hailer prier to well sampling.

Tape
L F
T[Tz
d T
d
m' X o T

a = top of caging slevation above datum

b « langth of wetted tape

¢ = tape reading—-read exactly at the top of

the casing

d = plezometric haad, relative to a given datum

c~b = dtw (depth to water)

a—dtw = d {piezometric head at tha center of the
sereen, Telative to indicated datum plane}.

Figure 2-4. Water levsl determination in observaclicon well.

{3) The lpeation of monitoring wells is based om the determination of
the groundwater flow ditection made during system deslgn. As shown in
figure 2-5 the perimeter wells are installed on che hydraulical downgradi-
ent of the site. In addition 2z moniltoring well should be installed on the
npgradient side to medsure water guality before the groundwarar flows
bheneath the site. Measuring the groundwater alevarion 1n thege wells can
confirm that the divection of flow 1s as predfcted in design. Springs or
seeps 1n unexpected locatiocns after the system staris up are ugually a sign
af groundwater movement, and additional wells may be naeded In those direc—

tions,.
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Figure 2-3. Typical monficring layout.

E+ Soll and vegeration monitoring, Case-by-case monltoring of sice
goil and vegerarfon 1s required by a oumber of stace agencles. The long~
tarm purpose is to document accumilation of eritical pollutants. The
short—term (annual) potrpose is really process control monicoring to make
sura that the system is working well and 1s 1n optimum comditiomn. Since
this 1g critical to operation, monitoring of snill and vegetation 1z covered
in the next paragraph.

2-9, Process control monitoring. This {s informatien the operator should
obtain to make sure his svstem 13 operating efficiently with the least
_possible cost and energy use. The compliznce monitoring discussed previ-
ously is usually concerned with the injitial fnput and final output of most
svatems. Process control monitoring is also concerned with those aspects,
az well ag with the performance of tha internal components in the system.

2. Preapplication treatment. In addition to the testing of the in-
coming wastewater discussed in the previous paragraph, this will alszo
include monitoriog the components, mechanical or other, that are included
in the preapplication treatment for 2 particular system. Thiz could Tange
from a simple pond to a complate trickling filter plant with recycle and
regutar studge removal requirements. Details on these types of monitoring
needs will be included in the slte-specific portion of the O&Y manual.
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b. BStorage ponda. Some type of atorage pond is often included in most
slow rate land treatment systems. Thelr purpose can range from equallzing
the daily varlatione in flow te seasomal storage For wet or cold weather,
for harvest perioda, or for emergencies. Hany of the newer slow rate
aystems combine preapplication treatment and storage in a single pond
aystem. Monltoring needs include regular measurement of water level 1n the
storage pond as well as water quallty tests just before and during the
period of land application for seascnal systems. In some cases ponds may
require a liner to prevent uncemtrolled relsase of wastewatar to ground-
WaLers. '

{1) Water level. Water level in the pond should ha measured at
least weekly during the operating seasom. The method of observation can
range from a simple marker hoard or staff pauge visually obsarved, to auto-
matic, and eometimes transmitting, water level recorders. Diract observa-
tiom by the operator is recommended, even If automared equipment is
inatalled, tg allow him to also obeerve dikes and other pond structures.

As shown in appendix A, the water lavel data are used to determine how much
water iz to be applied to the land treatment site. The cepacity of the
sforage pond, determined durdng desipn, provides etorage for a mazimum com—
bination of wastewatar flow and rainfszll. The application schedule, alsc
determinad during deaign, ia them bhased on moving that mnch water ta the
land treatment gite duvding the application deason. In any particular year
there may ba more or less water fo the sterage pond than was predicted
during design eithar due to changes in wastewatar flows of vety et or vary
dty yeats. The operator must then ravise the application schedule accord=-
ingly to make certain that the vegetation on the aite geta encugh water and
also to keep the pond to the specified low level at the end of the aeaaon.
The adjustments used will depend on the type of system and whether the site
iz in a humdd or dry climate. Usually, the pumplng syatem has been
designed to deliver a certailn volume of water per minute and is not adjusc—
‘able. However, the operator can vary cperaticn time for the pumps, start
the application season sarlier, extend 1t, or change the amount of water
put on parcicular parks of the site. Sugpgesrfions for apprapriate actlon on
each case are listed in the following subparagrapha.

{a} Operation procedures for motfe water than normal in storage,

_ 1. Forest, pasture and hay crop sites. Start epplicatiomn
season earller (as soon as frost 1s out of the ground) and extend the
geason Into late falls If different sodlls exist, apply wore watar te areas
with coarser solls by increasing pumping time, Apply more water to the
entire site by increasing pumplng time, but do not allow ponding or runoff
nf wastewater.

2. spripultural vow crops. Continue application for longer
pariod after crop harvest, Consule with eounty agricultural extension
agent and plant a more watar talerant erop that year., Inareaze application
to the maximum amount recommended by the extenslen agency for the crop
grown. Plant a rye grass mizturs on the coarsest scils on the site,
centinue normal row cropping and application practice on rest of the =ite.
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Apply at higheat possible rates (see para. 2-3 and app. A) on the grassed
plot, and plew undar grase and return to normal practice the following
vear,

3. Recreatlomal Sites. Increase the application pericd to che
maximum possible without interfering with public access, and/or rastriet
aceess to a portion of the site and apply at higher rates on that portion,
and/or continue application after the recreational season has ended,

{b) Operation procedures for less water than normal in storage.

l. Forest, pasture and hay crep sites. In arid climates,
reduce the amount to be applied per week but continue applicationz to the
whole zite. In humid climates, take a portion of the site out of service,
continue application on tha rest at design rates; if wvegetation on put—of-
service portion shows streas then apply some water.

2. Agricultura] row crops. In both arid and humid climates,
usg the pracadure in appendix A to calculate how much water ia avaflable
for application, and determine the water needs per acre of the crap to be
grown. Plant only the number of acrez that can he aupported with avallable
£f1low.

3. Recreatiopal sites. BReduce the amount to be applied per
week but continue gpplications to the whole site, In dry climatea this
will probably reguire extra water the following year to leach salts from
the root zone If the application has been raduced severelw.

{2} Water quality. Wastewater will be treated further in storags
ponda. The additional treatment can be wery significant in seasomal stor—
afe ponds with a long detention time. Tha BOD and suspended selide will be

“veduced, the hacieria and vituses will be reduced, and the altrogen concen-—
tration can be reduced, depending on ecenditions 1a the pond. The slze of
the land trearment slire and the application rate may both depend on the
amount of nitrogen In the wastewater 1f the groundwater 1s a potentlal ar
actual drinking water source. More ar less nitrogen than expected In the
pond effIvent can then change eirher the amount of land in setvice and rhe
amount of wastewater applied or both. Procedures in appenrdix A and in
later paragraphs of this chapter show how to make the necessary caleula~
tions and adjustmentz. HNitrogen is also important to meet the fertilizer
needs of the vegetatlion growm on the site. If there is less aitrogen than
expected in the storape pond effluent, then aupplemental fertilizers may be
needed.

e. Mainfecrion.

(1Y THainfecrion ig vsually required for recreational sites and may
be required for agricultural sites growing Toad crops for human use.
Systamns without long-~term storage will not usuaily remove bactaria and
virusas to levels regquirad by the regulatery agencies for racreation or
food production. Disinfection is not technically necessary for other Ctypec
aof, slow rate systems, but may #till he requirad by regulatory anthorities.
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When disinfeetion is needed, the decision will be made during desigﬁ'aid {ﬁ
appropriate facilities {ncluded In the system. These will riually ba some "
form of chlorination, and Instructions for operation and for monltoring

residuals will ba incloded 1a the sirewspecific portions of the O&M

manual. Residual chlorine can be harmPul to some vegetation so dechlorfna—

tion may be neadad in arid states.

Table 2-7. Monitoring of storage pond effluents.

Design flow {mgd)

Parametar 0-0.015 moTe than 2.00
BOD L week prior to application = 1 week prior to application
sedason, once avary 3 months seaszon, then twice per week
during application saason. durlng seaaon.
Suspendad Same as BOD, Same as BOD.
solids
pH 3ame as BOD, : Sam= as BON.
KEieldahl- 1 week prior to application 1 week prior to applicatien
nitrogen geagon, 1 zampla at wmidw g2ason, once per week during
point of seasgon. gaason, {““-
Ammgnia- ‘Same as Kisldahl-nitrogen. i
nltrogen
Hitrate- Same as Kjeldahl-nltrogen.
nitrogen
Phosphorus Same as Kieldahl=nitrogemn.
Chloride 1 week prict to application l week prior to application
ERANOT, " smpasgon, mmee per month there-

after during season.

Sodium Same as chleride.
- Caleium Same as chloride.
Magmesium Same az chloride.
Focagalinn Same as chloride.
Bacteria:
tortal coli~ I week prior to application 1 week prior te applicarionm
forms and/or season, once per month szason, then twica per wask
Feeal enli- thereafter during season. during season.
forms -
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{2} Srystems with long-~term treatment or storage in ponds (for more
thar 30 days) deserve speclal consideration. Although = disinfecciom capa-
bility may be provided It may not be necessary tg use It continunusly,
depending on the concentration of indicator bacteria in the effluent drawn
from the storage pond. The design englneer should ask the regulatory
agency for a permir requirement in terms of a bhacterisz count per 100 milli-
liters {mL} instead of 2 simpla chlerine residual. Then, during operation,
1f the colifomm or fecal colifomm counts are below the specified limit,
chlorine disinfection would not be raguirved, A stand-by capability for
chlorination te meet emergency conditious is recommended, This would range
from bottles of household chlorine blesach for very small systema to a
supply of hypochlorite powdar or liquid for larger systems. The testing
Irequeney for celiforms or fscal coliforms in tahle 2-7 assumes the count
remains below the specified permit level. If the test indicates a higher
level, disinfection should e gtarted and continued until the level
(measured prier to chlorination) is again within limits, Testing under
those conditions should be weekly for small systéms and every other day far
large systems. When the bacteris count drops to an acceptable level the
disinfection can be stopped.

- dv Application site monitering, MHonitoring at the application site is
neeosgary to ensure that the system opetates properly. Monltoring tashs
" will Include observing the sprinklars, pumps and other mechanlcal equipment
and determindng soil fereility and crop gquality at asciculiural sites.

{1} General regquiresments. These requirements usually apply te all
sites and essentially conslat of routine visual observations and record-
keeping. With seasonally operared systems 1 is essential to know when the
soils thaw Iin the spring and whan they freeze in the winter if thesa
factors control the application schedules developed during design. The
actual time of freezing and thawing will vary from ¥ear to vear and may be
different than the design assumpticns. 4An especially heavy rainfall dering
the appliszation season may require adjustment in the rourine spekly
gchedule, IF the amount »f rainfall from a2 gsingle gtom or closely spaced
storms i3 equal ro the smount of wastewatar scheduled for application it
way be nacessary to walt for a few days so that there is no rumcff. The
operator must also ebserve arcas where there might be ponding in Jow
apota. These zhallow puddles can lead to odor and insect problems amd must
be eliminated. Watching the sptinklatr patterns will reveal clogged nozzles
or other mechanieal problems im the system. If the site is underdrained
.the drain cutlets should be Toutinely f{nspected bo make certaln that they
are flowling. 1f monitoring walls exist on the site, the depth of water in
the well should be regularly measured. 1In general, if the groundwater
table gets within 5 feet of the surface, wastewater applicatioms should be
temporarily stopped. Thers may be exceptions for special situatlens but
theas will be defined 1n the portlons of the site-specific D&M manual,

(2) Agricultural sites. The short-tewm monitoring helps the opera-
tar determine if adjustments are needed in application rates and schedules
and helps him make sure that all eguipment Is Functioning as it 1s supposed
ta. The Ionger-term monitoring afds che operator in maintaining saqil
fertility and ensering good crap gquality, and these require perigdic
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gampling and testing. Table 2-8 presents a suggested monitoring program
for the soils &t an agricultural site. The tumber of samples taken will
depend on the number of different =oill types at the site and the size of
the site. Specific guldance can be obtained from the county agriceltural
axtenaton agent, but for the general case there should he a composite soll
gample representing each of the major soil types on the seita.

Table 2-8, Sail monitoring
oo agricultural sices.

Anmuzl sanple and tast

pH (for lime needs)
Available phosphorus

Exchangeablefextractable
Potassium

Sodium
Mzgneaium
Calefum

Baseline and every 5 vears

pH {for lime needs}
Nitrogan :

Cation exchange capacity,
percent organic matter

Exchangeabla/extractable
Potasg{um
Phosphorus
Copper
Zinc
Hickel
Cadmium

Taecal
Boron
Copper
Zinc
Nickel
Cadmium

Sodium adsorption ratio (SAR}

in western states ar arid
climaces.
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{a) Baseline samples should be taken and tesced efrher during rhe
final stages of desipgn or just hefore the sysrem is put inko aparation. A
PH determination is meeded to see 1f lime 1z required to adjust enil pH ior
the crop to be grown. Phoesphorus and potassium resulta are needed to
decide if pupplemental fertilization is required. Thesz tests should be
repeated annually fer high value crops; however, once every 3 years is
sultable for hay and simllavy crops. The county agricultural extension
egent can help intexpret these test results and tell the operator how to
correct any problems.

(b} The effluent should be analyzed For the heavy metals listed
in table 2-3 =o that an undesivable accumulation in the =oil can he
-avoldad, Composite samples are usually taken from the topsoil laver and
the root zone of row crops. A heavy metal tudldop 13 not likely from the -
effluents In Corps of Engineers systems. Even 1f heavy metals do acruma-
late, this is not likely to affect the operation of the system during its
life. The presence of some heavy metals such ag excess cadmlum can, how-
ever, affect the future use of the zite for food production after tha waste
treatment coperation is stopped. Henes, the matalz Iin the s0ila are
meagured for long-term recordkeeping rather than for chort—term aperational

LEASONS +

{e) Table 2-9 1lists the suggesared tears and frequeney of thase
tests for wvegetation monitpring at agricultural =ite=s. If a system is=
gupposad to remsve nitropen or phesphorug, then the total nitrepen and
phospharas concentration in the harvested cropa should be measured zod crop
vield should be determined. This wlll allow caleculation of remowal parfaor—
mance by the ctop to ensure that the gystem I3 Funetfioning ae deasigned., If
forage grasses or silage are the crop and If these are fed te livestock,
then the nitrate content in grasses can cavge health problems in rthe liva-
atoek. The analysls 18 partlicularly lmportaat 1f wastewater with a high
‘nitrogen content is used a2nd if the applicatlon season has been wausually
wet and cool. The county agriculBural extenslon ageat should be consulied
for advice on the testing need In a particular vear. The vegetatlen should
he rastad For the matals lisred in tabhle 2-9 every % vears, as the sofll is
(table 2-8), to establish long-term trends.

Table 2-9. Vegetatlion moaltoring on agricultural sites.

Component Freguency
Tatal nitrogen and phosphorus Annual -sampls 1f ¥ or P removal

iz vequired by syatem.

Nitrate (NOy) for forage grasses and At harvest 1f recommanded hy
gilage extension agent for livesrock

protection,

Copper, zinc, nickel, cadmium At firar harveat and every 5
vears theresfter to estabhlish
trends.
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(d) The number of samples required for these tests and the part of
the plant to sample are critfical to the reliabllity of results. Hay
cuttings and green chop for silage from small fields can he sampled
Immediarely after harvest since a vepresentative composite sample can be
ohtained from the mixed materials. Large or scattered fialds and sther
oropa should be sampled In the field with recommended gampling patterns.
It is best to mample the laaves rather than the plant fruites since the
leafy marrer will usually show Iincreases In metal content first asd thersby
glve an esrlier warning of potential probleme. Table 2-10¢ recommends tech-
niquea for vegetation sampling.

Tahle 2-10. Vegetation sampling - field pattern and plant part.

Grop Pattern . Flant part
alfalfa X diagonals of field, 50-100 clumps. Upper stem cutting in
aarly flower stage.
Corn X diapgdnala or aleng rfow at least Canter one-third of leaf,
50 plants into field. Just below lower center;

at full tasele.

Wheat and X dagenzle, 200 or more lzaves. First four Ieaf blades

gralns from top of plant.

frass and X dlagonals. Clippinga or whole tops.

aod ) '

Sovheansa Eandom leaves from at least 3% of Youngest mature leaves,
plants, 50 to 100 leaves. after pod formation.

Trae T difagonals in otchard, one leaf Matura leaves, shoulder

fruits from north, south, east and wast height, 8-12 weeks after
gides of trae. full bloom.

(3) Forested sitas. Honitoring 1s usually limited to the operator
noticing thing that should be dome to help the system aperate properly.
Thiz will 1nclude culling dead wood and thinning the stand to encourage
more vigorous growth of desirable trees. The operatoer must ensure that
brush and other low growcth does not interfere with sprinkler operation ovr
the Intended distribution patterm.

{4) Recreatlonal sites. The basic monitorlog requirements for
operation are the same as described for grass—covered agricultural sites.
Maintenanca of a healthy grass cover and mo Interfersmce with the recrea-
tion ars the two major operational concerns. Honitoring for compliance
with regulatory standards 1s usually most stringent for this cype of site.

2=-20
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2=10. Laberatory equipment and procsdures. Sysrems with a design flow of
100,000 galloms per day (gpd) or more will usuvally have an on—site labora-
tory for sample preparation, storage and some waker quality testing, The
gize of the laboratory and the equipment and chemicals provided are deter—
mined durdng design. These facilities are essentially the same as would be
required for water quality testing at mechanical treatment plants, An on—
site capabllity for scils and vegetation testing i5 wb necessary except
for very large systems {(more than I3 milllon gallons par day [mgd]) hecause
of the Iinfrequent testing requirted. Opevators for systems of all sizes
should be properly trained in approved sampling and sample preservatfon
procedures. In thiz way the opetator can reliably obtain samples on the
spaclfled schedule and then ship them to a lahorakory for analyals 1f there
15 no laboratory at the site.

Sectdion IV, Eoutine Operatingz Procedurss

2-11. Preapplication treatment components. The procedures for preapplica-
tion rreatment compenents will be determined during design and be Included
in the aite-specifie portion of the O&M manuwal. The tange of possgible
components ia too large for inelusien here.

2-123. PBterage ponds, The operatiomal schedele for storage ponds will be
developed during design and be Included in the site-specific portions of
the design manual, This schedule may have to be changed for particularly
wet or dry years or {f the type of vegetatlon grown on the =slte is
changed. Paragraphs 2-2 and 2-13, and appendix A provide guidance on haw
to caleulate the meeded change.

2-13. Application rates and schedules. Control of the water o be applied
is common teo all syotems and requires the following operator decisioms:

— Startup and shutdown schedule

= Quantity of wastewster to be applied each shift
- Frequency of applieation

Field or section to be used.

The detatls of these decisions may change from year to year depending on
the clim=ta, rainfall and type of crop bur the final result must be to
apply the total amount of wastewater tequired during the applicatica

- geason. 4 specific program will have been formulated during design and
instrvuctiong will be Ineluded in the sitewspecific portion of the O&M
manuwal. However, the aperator pust have the koowledge and the capabilirty
ke alter the schedule to zccommodate apacial eomditioma.

a. Year-tound cperatioms, At sites where the wastewater is traated
year-round and where Lhere is usually little storage volume, the operator
has 1ittle or no flexibility to meke ad]ustments. The daily land treatment
applicatiaons must match the daily wastewater flow. In most cases the
operator can decide which fleld to use and how long to continue the appli-
cation to that field., During the startup phase the nperator should use the
schedule provided by the design engineer. However, the design is often

2-21
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based on averape site conditions. The operator should carafully watch each
area to see 1f the water 1z rapidly infiltratiug, ponding or runniog off.
Some parts of the site way he able to take more water tham the desipgu value
and some parts less., The operator can then make adjustments to contrals
and valves to put more water om the bettet solls and less an the poover
locations. Most systems will have a fixed capacity pump so it i net
usually possible to increase the rate nf flow to a particular leeation, but
the time period for application car be adjusted.

b. Seamsemal flow operationa.

{1} General. Systems where the wastewater flow {s seasonal are nok
uncommon. These aight fnciude camp grounds, skl resorts and intermittently
occupled training stations. Wintertime flow in cold climates will vwsuzlly
require wastewater storage for land application later in rthe warm months,
Wastewater applicatlon can usually start ag soon ag the frost 1s out of tha
ground and can continua inte the fall until either frozen groued or leing
prevents further infiltratiom of the watar, Ponds are often included in
thess types of aystems, either for treatment or for storage. The pond’
should contain a graduated staff {feet and tenths of feet) so0 the operator
cant easi{ly see rhe depth of waters, In addition the operator needs to know
the other dimensions of the pond, che length of the application season, the
amgunt of wastewater that will flow Into the pond durlng rhe season, and an
esrimate of rainfall or evaporation during the seagen. With this informa-
Eion he can calculata the applications and time schedules for each week.
Appendix A provides datails on the basiec calenlations; an example is ahown
balow where pracipitation exceeds avaporation at the site.

(2) Example: opracipitation exceeding evarncration.

Conddeions:

Pond dimensions L00 Fr x 200 ft x 5 ft working depth

Distribution pump capacity 75 gpm -

- Wastewater flow during sesasoa 20,000 gpd (35 week season)
Estimated rainfall durlng seazon 5.5 inches more than evaporation.

Staff gauge indicates I foot of water in the pond above the minimum lewvel
at otart of season (this water is from snowmelt and rainfall because the
pond was pumped dewn to the veguired lavel by the end of the previous
season). Total water to be applied:

Inftrdal pond contemt: {1 ft)(108 Ft}(200 ft) = 20,000 f&3

Wastewater flow: ]
{20,000 gpd)(35 weeks){7 davs/week){D,1337 £c%) = 655,130 fr

Wet rainfall on pond: ) 3
(6:6 1m,)0E frf12 {m, 30100 ££3(200 f£3 = 11,31 ft3
= Taral tg be applied over entire 3eason: A5, 130 fr

666,130 £r¥/season
37 weels/seasnn

Applicarion per waal: = 19 0732 ftafweek

222
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{19,032 fe¥/weak)}{7.48 gal./fc")_ 31,6 hr/week.

(75 gpm) (R0 min/hed

- Pumping time per week:

The application site hag a total ares of 2.25 acres, divided into five
equal plors of 0.45 agres pach. The sysRtem hag manvual valves and pump con-
trols and the operater is uwswally only available 5 days per week. Thare—
fore, the schedule has bsan faf up to apply wastewater to one plet per dav,
Monday through Friday, @ith no applications on Saturday or Sunday. Se:

- Tumping time per day: {31.6 hr/week) & (5 daysfweek) = 5.32 hrfday;
= Amount pumped duriog that cime: |
(6.32 hr/day) (60 min/hr)(75 epm)(0.1337 fri/pal.) = 3802 fr¥/day.
The hydraulic leading on a plot {(para., 2-2) wonld be

(3802 £t3/week)(12 in,/ft)

(0.45 acres) (43,560 £ri/acre) 2032 in, fweek.

A check on these caleslations 1s possible ainece most systems will have a
tatalizing flowmetar at thes pump. §For the example abave, the meter should
show about 29,340 2allona pumped at the end uf each operational day for a
total each week of about 156,700 galleons. These walues should be Tecorded
in a daily oparating log. The operator shoald observe and record the staff
gauge veading in the pond cnee each week and repeat rhese calculations
avery 3 or 4 teeks to ba sure that all water will be applied by the end of
the season, Lf it i5 an especially wet vear or If the system ig not work-
ing part of the time, it may be necessary to fncrease the pumping time eon
the more parmeable plobts at the site.

2. Year-round flow, seasonal applications.

(1) General. The hasic procedures are similar to those {o the pre-
vipus pase except that the entire annual wastewater flow maust be applied
durlng the spplication season. In additien, if the site is designed fov
agricultural row crosa, skartup will usually come after planting and appli-
cation will be stopped for harvest and cultivation. There must not be any
erpsion, but with maay systems it is possible to resume application to the
bare fields aftetr harvest is complete and to continue it until freezeup.
Starting with the same basle conditionms as the previcua case, the exatple
below illustrares the changes that would be needed for year—round waste-=
water £low re a seasonal row crop aperation.

(2} Exampla: year-round flow wirh sesgonal Tow crop gperation.

Conditions:

- WHagtewater flow, year round: 20,000 gpd

- Frostc out of ground 31 March

—~ Cultivation and planting complete by 27 April

- Allow 3 weeks shutdown for cultivatico and harvest
- Freerlag conditions start by 30 November.

2=23
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An ¥ .
Ia reazponge to the shoave: gi J

Application season: 27 april to 30 November - J wesks = 2B wesks
Waptewater storape season: 52-28 = 24 weeks
= Ampunt stored: '

1

(20,000 gnd)(7 day/week (26 weeks){0.1337 7ri/fgal.) = 449,232 fr3.

Ar a 5-foot wﬁrking depth, pond area would have to be:

449,232 £t 2
=
SRApsas Sh. = 89,846 £t

This could be equal to three pomds, each about 150 by 200 feet, instead of
the single pond of that size in the previous case. However, a siagle,
deeper pond would probably be used 1o thiz case. Annual precipitation on
pond [l ft in winker) + {0.5%5 f¢ {in summer) = 1.55 fr (from previous case):

(1,55 ££)(89,846 £t°) = 139,261 ft?,

Wastewater flow during application Eeasons 3
{20,000 z2pd) {7 days/week)(0.1337 ft Igal 3128 weeks) = 524,104 ft

Seagon total to be applied: — Stored wastewater 449 232 g3
~ Mgt precipltacion 139,261 ft3 cal
~ Season wastewater flow 524,104 ft? {_ .
1, 112,59? £t e

With the assumption of 2.75 in. week maximum, the hydraulic loading for a
geagon is:

£2.75 in./week) {28 weeka} + (12 in,/ft) = 6.42 ftfseason.

Ar this loading, the size of the application site would ba:

1,112,597 £t°

= 4.0 arres
(6.42 fL/season){43,360 ft</acre)

divided into five equal plots of 0.8 acres each. Amount of wafer to ba
applied each week:

1,112,597 fr’

- 3
78 paplka 39:?35 FrE - fueal,

If the operator is gnly available during an 8-hour shift, 3 days per waek,
and if the system 1s mamually operated, the maximun pumping time iz 40
hr/week. Pump capacity required: _

(39,736 £} /week) |
(40 hr/week)(0.1337 fFJIgal.}{ED min/hr)

» 124 gpm
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(a) It would be dealrable to have tilme switches on the pump for
autematic start and stop, and solenodd valves ou the sprivkler linas so
that the proper set canm be opened ie the proper saquence, Wicth center
plvol systems, the drive system 1s comtrolled by time switches =g thar the
unit can he programmed to make rhe necssgary number of rotations each
week. The operator then only peeds to make a brief wisit to the site each
day to ensure proper operation.

(b} As an alternative, assume the 75 gpm pumps from the previcus
cage are used, buE they are equipped with automatic time switches. Pumping
time per weelk at 75 gpm!

39,736 £t*/week -
{75 gpm){0.1337 ft"/gal, &0 min/hr}

68 hr/weak

Pumping time per day on the designated Q.8-acre plot:

66 hriweesk
5 plots

The amount pumped during that time 1s still aequal ko the 2,75=1n./weak
maximim Ioading, Automatic controls will allew use of smaller pumps and
savings in operator time. The amount pumped to each 0.8-acre plet per wesk
will be: .

= 13.2 hr/day

{13.2 he/plot)(60 minfhe){75 gpm)(0.1337 ftafgal.} = 7942 frifueek par plot

(e} Through observation and experience the operator can determins
which gre the "bettar,” more permeabls plots and schedule mote wataer, {f
necegsary, for those araas, However, thers {5 lass flexibility with row
crops than with hay fields, pastures and forests since many row crops will
not tolerate axcess water for vary long periods., The county agricultural
extension agent can glve advice for specifilc crops.

2-14, Operation at agricultural sites. Management of the crop is a malor
Tequlrement at agricultural sites. A particular crop is usually selected
duting design and planced early In the firast vear of operatlen. It may be
posalhle, thereafter, to chanpge the crop to sither improve the performance
of the system or to Increase the walue of the hatvest., Gnidance on the
inftial erop will be provided in the site—sapecific portions of the D&M
manual but the cperator ahould W aware that alternatives exist, and he
should be able to determine the effect aof a change In his system.

2-15. Crop management at agricultural siteg. For Corps of Engineers
systems, the primary goal ls westewater treatment, not crop production.
Howerar, vepetatfon 1a esgential on slow rate systems toi

- Raemove nicrogen and phosphotus from the wastewater
-~ Prevent runaff and srosion
= EKeep solls porous for water Infiltratfon.

Any change In the typa of vepatation or In the management practicesz must
maintain these syztem abjfectiwves.

2-25
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8- Many types of crops have heen grown in alow rate systems. Thedmgﬁt
popular cropg are forage grazees 2and corn., Forage grassss are desirable
because they nge larpe amounts of nitrogen. Forage grasses that have done
well inelude srchardgraaa, Kentucky bluegrasa, reed canarygrass and tall
feacne In the north, and the latter twe grasses and bermudagrass in the
south. Seed mixtures of twe or three of these grasses may be expected
aonually to remove 240 pounds (1%) of nitrogen per acre or more, The major
disadvantage of grasses Is thelr lower market value rhan corno.

(L) Legumes, such as alfalfa, are sometimes considered for slow rate
systems bacause of their high gnality as a forage. The major disadvantage
of alfalfa in the humid east fa fts intolerance of wet solls. In slow tate
systems whers it has survived, the soils were usually well drained and the
application rate wos low C(usually less than 1 inch per week). In drier
2limetes, where application rates a2ras adjusted to meet crop water require-
ments, alfalfa and other legumes grow wzll.

(2} Corn 1s =2lszo used widely, principally because of its greater
market value. IEs major disadvantage 48 {ts lower annwal mitrogen removal

capability {(about 120 pounds per acre).

{3) Turfgrasses can also be considered since they have a hiph market
vajue in urban aresas. TEentucky bluezrass turf can remove about 200 pounds
of nitrogen per acre each year when the clippings ars removed. Both the
market valus and costs assoclated with turfprasses are greater than for
forage grases or cofn.

bh. The type of cutting management for harvesting forage grasses will
depend on the desired level of nitrogen removal. If meximum vialds and
high nitrogen temoval are desived, grasses should be cuk mote freguently
and at the proper times: the inltial ecwtting should be at the early head-
" Ing stage of growth and subsequent cuttings should be every 3 to 6 weeks
for tha rewainder of the seagon, The early heading stags will vary with
climete but It will usually be sametime during middle to late spring.

(1} TIf lower nitrogen removals, say in the rangs of abour 160 pounds
of nitrogen per acre, are peeded, then fewer cuttlngs are neaded and opera-
tions costa can be saved. Initial cuttings for this purposs should be at
the. late flowaring stage of growth, with one extra cutting toward the end
of the growing seasom. With this curting methad, the majority of the
nitrogen will be removed 2t the initial harvest.

{2) Grasses should he managed properly sc that they can survive at
the site as long as poesible. Under proper management, grasses at the site
can persiat for 3 years or more. They are usually invaded by weedy
grassces, some of which are desirable. The weed quackgrass has performed
well In alow rate syatems in terms of nitrogen remeval and forage guality.
When undesirahle weeds predominate, fields must be renovated to maintain
treatment efficiency. When reseeding, use standard methods for field
renovation along «ith desirable types of forage grasses.
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(3} Witk corn much of the nitrogen is removed during a short 4- to
b-waek pericd in summer. This is usually between the knee-high and the
taszeling stages of growth.

(4} Growing another c¢rop with the cotn can improve nirrogen removal
by an additional 40 te 80 pounds per acre and cam lower rhe parcalats
nitrogen concentration. In dual cropping, corn Is growm during rhe summer
months, while a cereal crop (e.g. rye) or a forage grass (e.g. reed canary-—
grass) Is grown during the spring and fall. The cersal or grass removes
nitrogen during the slower corn uptake periods and thereby lengthenz the
application season, The diaadvantages of this system are that the actual
corn yields will be lower due to incrazsed competition with the grasses and
that a higher level of management 1s requlred.

(5) Turfgrasses, prowm for sod praduction or maintained in a lawm,
can remove nitropgen ﬂuring the entire prowing ssason, When started from
geed for sod production, nitrogen remowza! will be lower. The sod {8 uspal-
ly harvested aftar !2 to 18 montha. Weekly mowings during periods of
active growth are desirable.

e. Since wastrawaters vary in thelr composition, the quantity and type
of spil amendments that may be neaded to maintain plant productivity will
vary, Experlence and past work have shown a need for 1lime or gypsum and
potasaiun In some locations. Liming 18 ioportant to maintalning soll pH.
Past work haa shown a decreass in enil pH with continueuns wastewater appli-
cakisms En 20ils In the eastern .8, Liming will counteract this and also
decrease the solubility of metals that may be In the snlls., Contral of
axchangeable sodfum can be critical in arid climates, and gypsum or line
are usually added for conkrol,

{1} Potassiun fertilizer i3 sometimes needed by grasses in the
centtgl and easternm U,5, The Fpllawiang equaktion can be used to determine
annual porassiom fertilizaclion needs:

K = 1.25 (0,90 - Ky

whers

Kf = anmual amount of porassium fertilizer applied in che epring
{1b/acre)

estimated annual crop uptake of nitrogen (lhfacrae)

=
I

= amount of potzssium co be applied In the wastewacer
{1hfarra).

™
1

{2} The following 15 an examnple of potassium application (forage
gragg, U = 24) 1h/acra). From the previous example, wastewater application
ig 973,336 Etgfseasun on 4 acres. Assume potassium In wastewater is 10
milligrams per litre {mg/L), azo:

=27
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L {10 mg/1)(8.34 IbeL/[mil.gal.]mg}(973,336 ££3)(7.48 pal./£r?)

K
W

# 152 1kfacre

(1,000,000 gal./mil.gal.}{% acres)

Kp = 1,25 [(0.9)(240) - 152] = 80 1b/acre.

ds

The procedures in paragraph 2-13 assume that rhe amount of water to

be Ebpli&d in a4 given year Is equal to or slightly greater than the amount

prédicted by the ayetem desipn.

Distribotion to the warfous plots on the

glite is then by a atreightiorward rotation with each plot receiving about

the pame amount of water.

Thiz doas not racognize differances in scil
characteriscics, except by the operater obgerving ponding and runoff.

In

vety dry or low flow vears there may not be snough ssater to apply the

deslgn amcunt to all plets.
the vegatation healthv.

centent of the sall at the root zena,
avold excess water for too long when water—-sensitive crops are grown.

Table 2-11.

Fing tToxtura

Mo Fres watar atter squasz— Seme g3 fina testuras,

Tnge wat, autline on hand.
2.0
Easlly aqueslss cuf be-
tupan tingeta [n rlbbons,
heag allck Fewlling,
0.0-0.6
- Farsg a ball, sguesZes out
patwwan thumb and Fore—
Flnger In r[bbons,
06=1,2
Someshet pllnbie, will
Form & befl wien squessad,

1.2=1,8

Hard, bakwd, crackesd,

1.9-24.5

Wl | Un texturs

0.4

Farmg & vary pllasia ball,
sticks readlly [t blgh In
<Y,

n,0=-0,%
Forme & ball, zomeat[mes
sticks slightiy with pres-
Jurm

0.5=-1,¢
Jomewhat crumbly, but

het fdg Pegothar from
pregaore,

1,9-1.9
Fowdery, dry, 3cwat|mes
allghtly cruated but
b3l |y broken down inta
powdery condFtlan,

1,5-2.8

Modarately cosroa
Taxtyura

~ Same A= flne texturse,

0.4

Formy wask ball, trsaks,
mas(ly, wNill not stlck,

0, 0=0,4
Tands T tall vndar
pregsure, but wlll pot
hotd Fogether,

0,4=-0,8
hppeara ey, Wil net
ferm a ball.

Q.52

Dry, loose, fiows through
Flngursa,

1.2-1.5

However, enoupgh water must be applied to keep
Thiz requiresz some knowledge of the meisture
This informatian 15 alse needed to

Fleld estimating of soil moisture content®.

Coarsa fexture

Same as tHlne textura,

0.0
S¥lcka togathar allght |y,
myy form m very weak balf
witdar pressurs,
9,.0=0,2
Appeary dry, wiif not {form
o bl whah 3duseZéed,
0,.2-0,17
Appeers dry, wliF not form
e ball,
0.5-0,8
Dry, iocose, &finglo-—

aralnad, Flows through
Flngers,

0,8-1.0

* Tha nomercal velyues are thoe amount of water irdex that would e nepded Fo I;r_lng ta top foot of “he 3ol To !.

Liwld capm=ity,
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{1} For most plants the best condirlom i1s when the soll is at what
is called "field capacity” {see para. l-3). This represents the water that
a unit of suil can held without drainsge. 4 handful of soil ar field
capacity would feel damp but no free water could be szqueazed sut if the
soil were pressed Into 2 ball. If the molsture coatent drops to half this
amount or less, then the plants will he adversely affected. When water is
gcarce the goal of the operator should be to place enough water ou the site
Lo maintain growth but to avnid waste. The amount of water needed depends
on the type of seil involved, Soil molsture can be weasured very accurare-
ly with variocus types of probes and temsiometers. These, iIn turn, can he
tied inte the system controls to program applications to the locations
where water 13 needed for the necessary period of time. The typical Corps
of Euglneers aystem will not have sophisticated contrels. However, it is
still possible for the operator, with scme practice and experience, to
estimate the moisture content of the soill using the guldance in table 2-11.

{2) A handful of goil should be taken from the root zone and
squeezed in the hand. The feel and sppearance of the resulting soil hall
should then be compared to the descriptions ip table 2-1!, The numbers
under each description are the apount of water rhat zshould be added to
bring the top foot of soll up to field capacity. TFor axample, 1f a handful
of silty sand (modetately coarse texture in table ?-11) can be squeezed
Iante 2 ball, but 1t then breaks apart when the pressure 15 relaxed, the
water needs are between 0.4 and 0.8 inches to bring the top Foot of soll up
ta field e~apacicy.

Z=16, Operationg at forestaed gites. Operations at forestoed sites will
Tequlre the same decisziong regarding how much water 1z needed, whare to
apply it, and how long ko lat it run, that were discussed In paragraph
2-13. In pgemneral, the frost-free sesszon 1 longer for foreats than for an
agricultural field, and in northern climates forest scils that have an
early snow cover may not freeze at al). TIn these cases wastewater applica-
tion can contioue all winter. Flgure 2-6 illustrates a special nozzle that
was used suecessfully for sHater operation in Vermont. Winter operation
requires quick drainage of ezposed plpes at the end of the applicatcion
perlod. T1If oot planned for during design, the operator will have to
Install dralnas at all low spots In the piping svstem before attempting
winter operation. Other operational requirementes for forested sltes ralate
to tree management and will require expert advice. Every 3 to 4 years, an
expetigenced forester should tour. the site and make recommendaticne on
culling or harvest and octher management practices that will ensure a
healthy stand of trees.

2-17. Recreational sites. Recreational systems have the same basic re-
quirements a5 the cases previously dlscussed. They are more d{fficult to
pperate ainge the recreatioumal function and schedule usually take prece—
dense over the wastewater removation. The operacor has En plan his opara-
tional schedule for wastewarer applications so as wor to Interfers with the

recreation.
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Spraving,

Cralning, Brass tube In iaft halt drafns quickly, untll | lquid
level Ts bmilow Its top, Then only rlght haif continues +o draln,

Line dralned, Small smount of lce has formed +o block right half
of norzle, Brass tube Is open and ready for nmaxt spray oyela,

Heeh spray cycle, Wata Initlatly sprays through the brass tube on
the left slde, The hast from the 1lauld meltzs the lce plug block-
Ing the right half of the nozzle =nd spreying rasumes in the norwm
wanner 23 shown In a,

Figure 2-6. Special spray nozzle for winter operations.

Section V. Emargency Procedures

2-18, Disctuption of schedule. A wajor concern is disruption of the
aparating schedule for wastewater applicatians hecause there 1s usually a
Iimited amount of storage capacity availabla, Since emergencies cannot be
predicted, it ig prudent Tor the cperator to kKeep some part of the avail-
able storage free, Thizs may requira pompiog 3lightly mete weter than the
average schedule would require during the early part of the season.

2=30
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Extended power falluras also disrupt operations, The desigzn should have
provided the capablliry for standby power at the pumping stations and, if
not, the opevator should arrange for the necessary modifications. Systems
that use center pivet distribution zigs with electrical drive mwotors should
alsc have a portable standby generator for direct Field commectinn when
requfred,

2-19. Oders, TIf treatment and storage ponds are part of the system and
there 1s public access to the site or if the site 18 cloge to a community,
odors may be & concern from time to time. Odors are not usually z problem
trom properly desigeed and operated land treatment systems but they are
possihle If wastewater characteristice of pond condirions chanpge suddenly.
The operator must be prepared to cope immediately with such =2 situation.

4. Use of a chemical such as sodium or petassium nitrate will suppress
the odoxs and allow time for the cause of the problem to be Identified and
corrected. A recommended procedure is to apply 100 pounds of sodium ar
porassiom nirrate per acre of pond surface om the first day and them 50
pounds per acre on each day thereafter if odars persist. The chemiral
should ke applied in the wake of a motor boat.

b, Odoxse wlll not cccur on the acstusl land applicarien site unless
septle wastes are used or 1f ztagnant puddles and ponds of wastewater are
allowed to stand. The latter wlll also be the cause of Insect problems.
The operator must routinely inspect the application site and elimlazte
these low spots by filling with new soil.

Section Vi. WMalntenance Conaiderations

2=2). Ponds. The dikeg and berme for ponde will requirs regular mainten-
ance. Earthen dikez must be checked regularly for muskrats and other
burvowing animals. Socll-cement, plastic membrane or asphalt liners mast be
regularly inapected and repaired. Damage from waves or lce Io the winter
are the most common problems.

2-21. Mechanical equipment., Specific maintenance needs for pumps aad
other machanical equipment will be presented in detail {n the site—specifie
portion of the O&M manwal. Systems that use sprinklers muset have 2 regular
gchedule for inspectiom and cleaning., All lines and pipes In seaspnal
operatione shouwld be repgnlarly drained, even 1f freezing 1as uot expected,
to avold corrasion. 1TIn additien to sprinkler maintenance, the large center
pivot rigs require attentdon to thelr tires and gear boxes. Tires should
be checked for proper pressure and the gear bexes for proper labrication at
the starr of the operation season., Other posaible problems and potentfal
solutions are summarized ip table 2-12, which iz & troubleshooting guida.
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Table 2-13,

Troubleshooting pguide.
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CHAFTER 3
OVERLAND FLOW SYSTEMS

3~1. Process description. 4s the name impliee, overland flow is a PIGCESS
where wagtewater flows ovar land that {s carefully graded to encourage
gheet flow. Grass is planted on the land ko take up nutrients and control
eroglon. aAs the wastewater flows over the seil surface it 1s renovated by
various physical, chemical and biologleal mechznisms. Alsp, same of the
wagiewater 1s lost through evapotranspiration by the grass and by percola-
tion into the scll. The remaining wastewater is collected at the toe of
the slope and is usually discharged to a receiving strazm, As a result,
most overland flow systems must comply with a polnt source discharge
peroir.

8. The averland flow site can contaln one or sevaral slopes. A slope
is a dizscrete sectliom of the overland flow site wherve the grade is und-
form. Each siope Is bounded by the distribution pIpe at the top, the runo-
off collection ditch st the bottom and berms or access roads at the sides.
The reason for dividing the site Into saparate slopes is to asllaw shutdown
of portions of the site for harvesting and during eperation and mainteranca
COEM).

b. Bunoff water qualicy from an overland flow slope w1l depend oa the
amount of time wastewater Is allowed teo remain Iin contact with the soil
surface. Generally, longer detention times can be expected to produce a
batter runoff water quality than shorter detention times. The operator can
contrel detentlon time on an existing slepe by adjusting the application
rate. The average runoff water gquality From a preperly operated system
with adequate detenticn time 1s shown in table 2-1. Since overland flow
treatment dependa on derentlon time, it iz important to maintaln each slopea
50 that water flowe uniformly. If channeling oocurs water will flow tao
quickly and detentfion time will decrease.

Table 3-1. Average tunoff water quality.

Concantration

Comgkituent {mg /L)
BOD 1G
Buspended sulids 10
Armioniz nitrogen as N 4
Tarkal phosphoros as P &

cs The slopes shouold be seeded with a perennial grass mixture that has
a high moisture tolerance, 2 long growing season and a high mutrient
uptake, and that is well sulted for the local climate and scil cenditdons.
The mixtutre should contain grasses whose growth characteristice complement
each other, auch as sod formers and %unch grasses, and early and late
mzturing types. One mixture used guite successfully 1s reed canarygrass,

i-1
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tall fescue, redtop, dallisgrass and ryegrass., Although this mixture has {j i
proven to be effeceive fn a variety of climates, it 1a alwaye hast to
consult a county agricultural extension agent,

3-2. Btaffing requirements. Flgure 2-2 can be used to eatimate staffing
raquirements for overland flow systems.

3-3. Initial startup. Wastewater should not be applied to an overland
flow slepe untll the grass 1s well established, Premature wastewater
application will cause srosion and chaneeling, As a generzl rule, waste—
water should not bhe applied until the grass has grown high encugh to be cut
once, Grazss from the first cutting may he left on the slope to help bufld
an arganiec mat. ©@rass clippings should be short enough to qulckly fall to
the soil surface because long clippings tend to remain om top of the cut
graes and retard growth. A4n acellmstion period 18 usually necassary after
inicial startup; during this time the microbial populations on the soil
gurface are Increasing and adapting to the wastewater eovironment. This
inicial acelimatfion period may be a3 long as 4 months, bue 1-2 months 13
typical for primary effluent.

-

3-4. Process contrel and monitoring.

a. Complisnce monitoring. Most ovetland flow systems will have a
discharge permit z2nd it wdll apecify allowable concentratieng of BOD and
gugpandad golids In the runcff. GCroundwater monitoring way be required If ety
the soll is relatively permeabls and the site is located above a protected {;
agquifer. The pavameters to be monitored and the sampling frequency will @
usually be specified in the permit. It is {mportant to establish back-
ground guality levels by takipg several samples from all menitering wells
before the application of wastewater to the slte. More information on
groundwater monltoring. can be found in paragraph 2-8,f.

b. Process contvol monitoring.

(1) Preapplication tteatment. The (&4 mamal will contain cthe basic
mounitoring needs for the particular preapplication treatment processe.

{2) Storape ponds. The process control menitoring requirements for
storage ponds =re the same for both overland flow and s$leow rate systems.
Refer to paragraph 2-9,h for further informatilcn.

f3) Disinfection. Ddsginfactlon pricr to application is not neces-—
gary except in the uniikely case that general publie access is permitted.
However, tha runoff may have to ba dipinfected if a discharge permit Ehat
has a fecal coliform limitation 1s raquired. 1f this i{s the case, the
operator should follow standard momitering procedures recummended by the

manufaceturer of the disinfection equipment.

{4) application site. The primary method of controlling the perfor-
mance of an overland flow system ia to adjust the applicatienm rate. The

0&M manual will specify the baslc applicaticn rate for each slope in the _
system. Howaver, if this informatiom iz net aval lable, the operator can e

=2
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calculate or adjust the application rate as outliaed 1o appendiz A. The
oparator can contral the volume of wastewarer applisd to a slope by com-
trolling the applicarion cyele. The application cycle 1s simply rthe length
of time wagstewater ig applied. The application cyelaz used most often in
eéxisting overland flow systems range from 6 to 12 hours of continuous
aperation per day, 5 to 7 days per week. Usa of an apwlicarion cycle with-
in this renge should preduce 2 consistent runcff water quality. Longer
application cycles can be used temporarily to handle diverted EFlows because
of harvesting or m2intenunce. A 24whour per day applicacion cyele 1z not
recommended because 1t may result in apaerobie condirions om the slope,
which could ceuse odorsa.

3-5. Routine aperating procadures.

as Preappllcation treatment. It 1s beyond the scope of this manual to
address all the routine operating procedures assoclated with varlous preap-
plication trestment processes. The procedures required for the processzes
in use will be described in the site-gpecific OSM mamual for each system.

b. Storape ponds. The basic operating procedures for a storage pond
should De the same for an overlaud flow system as for a slow rate svstem
{ses para. 2-12). The gtorage pond shenld only he used in the winrer
during prolonged cold. Onee the slopes are back In operation the storage
pond gheuld be bypassed, and the stored wogtewater ghould ba blandad with
the incoming wastewater for application to the sice. This procedurs will
reduce pratreatment costs and minimize algae growrh in the storage pond.
Algse can be difficult to remove by overland flow, since temoval dis depend-
ent on the type of algae present in the wastewater, The dominank type of
algae often changes with the season and control by the operator is not
possible.

. Application sité.

{1) Avmual startup. Tn the southern U.8. an overland fleow syatem
can generally cperate year-round, but temporary shutdowns of 1 or 2 weeks
may. be necessary during the coldest weather. In the northarn U.5., how-
ever, the shutdown period may last for several momths. Tt will take
approximacely 1 month for the system to reacclimate after a prolenpgad
winter ghutdown.

{a) 1If tha syarem has been sghut down over the winter It should be
veatarted whenever froat is out of the topsoll layer. Typically, this will
be in the month of March or April. The system should not be restacted too
carly because poor runcaff water quality will result., Experisnce will
dirtate the best time to begin operation at a particular eite.

{b)} Before wastewater is applied to the slopes, all plpelines
should be checked for leaks. Distributfion linmes at the top of the slopes
ghould be releveled 'to znaure even flow distributien., Obvicus channels on
the slopes should be Filled in with fine topscil and reseeded. Commercial
sod can alse be used In areas where the channels are deep. These channels

3-3
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and other barren aress should be reseeded with a mixture of grasses con-— N, ;
taining & quick growing species such as rysgrase. Application te resseded '
areas chould not bagin until the grass ig aboubk 2 inchas rall. Prematute

application could wash topecll and seeds dovmalepe.

{c} It may be necessary to use a lawer applicatien rate than
normal for about a month after a prolonged shutdown, Otherwise, the runoff
water quallty may noC meet paermlt requirementa. Wastewater appllication ecan
then he ingreazed to rhe recommended rate as dlagussed In parapraph 2-13,

{(d) Durlag the early spring, the runoff may have a slight green-
iah tinge due to the alpas. An alpgal mat sometimes develops on the surfaee
of some slopes. Howaver, the algae usually disappears as socon as the grass
ia tall enough to shade the surface. WExcessive grass and weed growth in
unlined collection channels can be a problem since rank growth will impede
the Tate of runeff flow. Lined channels may be the beat salutlon since
killing the prass with herbicides may then cause soil erosion.

{2) Daily operation. All components {pumps, valves, flowmeters and
diatribution sprinklara or pipelines) should he checked daily for proper
oparation. Some gated pipe may have a tendency to clog, which results in
uneven filow distribucions If several of the openings become clogged, the
Flow rate through the cemaiunder will increase, causiog channeling aed flow
ghort=¢irculiciag an tha 3lope. The application rates and cycles shonld
also be checked and maintainad in accordance with paragraph 2-12. Waste— e
water application te the slopes should bhe atapped durlag a heavy ralnstornm '
bacauge gcontinuad applicakion may hydranlically overleoad the terraces and
cause chagneling., Application can continue during light rain or drizzle
aeven though the hydrazulic detantion time will decrease. Rainfall runoff
from overland flow slopes Is at lesst equal to and usuvally better in qual-
ity than the treated runoff.

.‘i’ .
Y\

{3 Harvesting. The grass should be cut tswo or three times a year
and rtemoved from the slopes. The best time to cut fs Just after the grass
goes to seed, This cutting practice will result in the highest ylelds and
hest quality forage. Depending on the local market, the sale of the hay
can provide a modest econmomic return. Alse, regular harvesting can Improve
mitrient removal and allow the cperator to look for potential channeling
prohlems on the slapes. Only part of the overland flow site should be
harveatad at any ons time so that the sysiem can keep working.

fa) Eefors harvesting, earh slope must be allowed ko dry out so
that eguipment can travel over the soil surface without leaving ruts. PRuts
could develop into channels, especially if they are oriented downslope.
The drylng time necessary before mowling is usnally about [ to 2 weeks
hewaver, this ean vary depending on the soll and climatle conditiens.
After mowing, the hay should be dried before raking and baling. This may
taka another wael or eo depending on the weather. The total time thab rhe
slope can't be used for each harvest then Is approximately 2 to 3 weeks.
Thiz time can be reduced by a2 week of more if green chop harvesting is
practiced fmatead of mowing, raking and haling. However, local markets may

not exist for this type of foraga. . e

1-4



-

EM 1110-2=-504
30 Now A3

*

(b} The standaxd equipment recommended for harvesting Is a good
farm Eractor, a rake and a baler. A stake-body truck with a Flarbed is
alsoc needed to take the hay bo market or to a storage area. All egquipment
should have flotatcion Eires to reduce rurkIng, Harvesting should he done
across tha slope so that opportuniries for downslope rTutting are reduced.
A4ll awxpomed pipalines and enllectfon ditches should be clearly marked to
avold damags.

{e) Suggested monitoring proprams for sells and vagetation are
the name for overland flow as for alow rate systems {ses para. 2-8,a). IF
the grass Is used 25 fodder, samples may be required during each hé?#est;
they should be analyzed for varieua mutritive parametera such as pratein,
fiber, total digestible mutrients, phosphorus and dry matrer. These analy-
ses can be coaducted by the agricultural department of mest state universi-
ties.

fdy After several years of operation certain natlve grasses and
weeda will begin to grow on the slepes, In most cases these plante will
have no Impact on treatnent efficiency hutb c¢ould decrease hay yilelds.
Certatn anmual specles such as barmyardgrass should be eradicated befora
they dominate a slope. When these plants die in the fall, the slepe ig
left hare and is susceptible to sodl eroslom. Herhicldes should be used to
conttol these plants and barren aress should be replanted with peresunial
grasses. The county agricultural extension agent may be able to give
advice on tha Eype and amount of herbicide ro use.

{4) Winter shutdown procedure. In general, overland flow systems
should be shut down whenever runoff water quality does not meet the dis-—
charge permit because of suatained low temperatures. Like apy other bio-—
legieal process, the reasection rate slows down as the temperature de-
creasas. The langrh of the shutdown period will wary with climate and
requlred runoff water quality. Once the gystem iz shut down, it should not
be restarced until spring. ALl distribution lines should be drained after
the system has been shut down for the season. Wastewater flowa should be
diverted to the storape pond and all pumps and valves should be made ready
for winter.

3-6, Emerpency procedures, Emergency aituations that might be of concern

on overland flow svstems include intense ralnstorms, sudden celd spells,

fpsect infastations and shock leadings of toxic wastes. Intense rainstorms
should not present a problem if the runeff cellection ditches wera ade-
quately slzad and constructed. The ditches are typlcally dezigned, as a
ninimum, to carcy runoff from a atorm with a 25-year return frequemsy. It
fa usnally desirable to Iinstall a drainage chanmel around the perlmeter of
the site to divert off-site runoff. Imsect pests guch as mosquitoes and
army worma have been reported on some overland flow sites. Mosquitoes
ghould not ba a problem If the site {3 kept free of breeding areas such as
stagnant ditches. Army worms, which ate hermful to the vegetatlon, can be
controlled with a peatieide, A certified exterminaztor should be consulkbed

om the proper uge of pesticidas.
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3-7. Malntenance considerations.

4. Tha key to sueccesaful parfermance of an overland flew system is
maintaining "sheer flow™ dewn the length of each zlope. If channels
devalop duz ts poor comgtruction or hydraulic overloads they should be
fiiled in and raseedad at the earliest convenience. Another maintenance
consideration 1g the health of the wapgetation on the slopes. A healthy and
prolific grass stand is very dmportant. Barren arzas should be rTeseeded at

the earliest possible time.

b. Experiance has shown thac if surface discribution methods such as
gated pipe are used to apply raw or primary wastewater tn the overland flow
gite, solids will eventually sccumnlate on about the top 10 feet of each
slope. Thie builldup occurs because the shallow depth of water flow allows
the suspended particles to settle out quickly. If allowed to accumulate,
the solids wey smother the grass and become anaercbdic. Howevar, this
problem can be eliminsted by disking—in the solide, which then decompose in
the goil. This only has to be deone Infrequently.
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CHAPTER &
RAPID INFILTRATION SYSTEMS

4—1. Process description.

B. General. In rapid infilcration systems the wasrewater is applied to
modeTataly to very permeable snils (such as sands and gravels) by flooding
haging or by eprinkling. The wastewater is treated as iF travels through
the soil matrix, and the treated pereslate draias maturally to surface
waters or moves dewnward to the groundwater. The objectiva of rapld infil-
tratiom i3z wastewater treatment. Uses of the treated water can include:

~ Groundwater racharge

- BRecavery by wells or undevdraions For reuse or discharge

— Recharge of surface streams by Intercention of groundwater
- Temporary storage of groundwater in the aquifer.

- Rapid Infiltration systems consist of a number of infilrration basins that
are flooded and then allowed to Jdry hefore they are flooded agaln. The
dryving perdod allows the organic material that collects on the soil surface
to decay., It alsc allows the soill to reasrate. The hydraulic loading rate
at existing rapld infiltracion sites ranges from 50 to more than 200 feer
per year. The hydraulic lvading rate depends on the type of soil and depth
to groumdwater, as well &g on the quality of the agplied wastewater and the
level of treatment deslired.

b. Process requirements. The majority of rapid infiltration syatems in
the U.S. have some type of conventlonal wastewater Ereatment pracess to
trear the wastewater before It is applied to the Iinfiltration basins. The
operation and maintenance (0&M) requirements for the particular process In
use will be specified in the site-specific O&M manuazl.

4~2, Sraffing Tequirements. The numbatrs of and skill lewvels of personnel
needed to operate a rapld infiltration system depend on two factors: the
siza of the system and the type of preapplicat!on treatment process. The
manpower tequlrementz for the vapld infiltration basins should be less than
ona—half of the values given in figure 2-2 for slew rate systems.

4-3. Procesg control and monitoring.

2., Compliance memitoring. Compliance monitoring is requited by loeal,
gtate or Federal regulatory agencles to cartify that the system Iz perform—
ing as required. For rapid Inflltratien systems, thie will uguvally require
pariodic sampling and analysis of the groundwater from wells beneath and
avound the perimeter of the site. WNitrate-aitrogen is the preatest concern
for groundwaters that enter a drinking watar aguifer. Parapgraph 2-8,f
discussas groundwater monitering in greater detail.
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b. Process sontrol manitoring.

(1} Preapplication treatment. The svstem is usually oonitored by
the operator to dekermine the level of performance of the differant wuafr
procesfszes In the entire system, to make sure that the wunit pProcesses are
operating properly, and to assist bim in making opsrational changes to
andure Che continued satisfacktsry eperation of the system,

{2) Btorage ponds. The majority of rapid infiltration SYSCems are
operated throughout the year; therefore, storage ponds are not typically
required. The exception may be the imelusion of a small capacity starage
pond for flow equalization or for emergency stardge in case of a major
mechanical faflure. 1In the eveat {t is necessary to use the pond for
emergancy storage, the operator must plan to. empty the pond as soon as the
emgrgency is resnmived. The stored wastewater should be blended into the
daily flows for application to the bhasinsg. Monftoring of storage basina is
covered in paragraph 2-12, :

{3) Application gite. In order to minimize any problems with the
basine the operator should inspect them daily. The operator should docu-
ment 1n his dai{ly log sheets the depth of standing warer in the various
bazins and the amount of time ic takes them to drain. This will allow
caleulation of the wastewater Infiliration rate and identificatisn of thosa
baslns where the infiltration rate has decresszzed to a leval wherse restora-
€.

tion of the surface i3 neaeded, The oparator should inspect the berms of
the infilrration basine EFrequently, Vegetation such 48 tree gaadlings and
brush shpuld be removed. The oparator should alse nete any signs of ero-
slon on the berms, The operator must alse inspect the hydraulic system
used to apply the wastewater to the basins to determine if it {s fuaction-
ing properly. Low spots where wastewater can remain ponded should be
filled {n., During winter operations the operator must i{mspect the entire
gystem, paying particular asttention to problems of Ereczing and ice forma-

tion.

4=4, FRoutine operating proceduras.

Be 'Preapplicatinn treatment. The routine operating procedures for the
preapplieation processes will be described Iin the site—specific portions of

the 0&M manual (see appendix A),

© b« Storage ponds. Storage ponds are wsually only decluded for emergen-
ciegs and wmust therefore ba emnty at all other times. Ik is Important that
the pperator enpty the pond as spon 2z poszihle after the emergency.

2. Appliecation slita. The oparater mieb “eep accurate daily records of
the depth of wastewatar in esach basin., This Information should be used by
the operatot te cempare the actual operating infilération rates o the
dasign rates. With this information he will be abls to make the nacessary
changes In Ehe operation of the svstem.

e
i
]
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(1) An example of the calculatfons the operator would need to make
to determwine the new volumes to he appliaed to each baszin ars given in
appendix A. It 1% very Important that each basin be operatsd so that it
has an adequate drylng -perind before it 1s flooded again, This drying’
period is very important hecauge it allows the solids on the soll surface
tao decompose, and it allows the =soll to reaerate.

(2) The operator should alse measure and record the depth to ground-
water 1n the abservation wells ab the site. This information will be used
to determine the exteat of groundwater mounding beneath the site, Mounding
is the rise of the water table abowve its normal level under the infiltra~
tion basins. If the warer table rises so that 1t iz within a2 few feat af
the surface if will have adverse effects on the svatem. It will reduce the
rate of movement of the wastewater into the soil and it will reduce the
level of treatment. At rapid dufiltration sites with vecovary wells or
underdrains, mounding may be reduced by increasing the pumplag rate from
the wells or underdrains. If the system does not have racovery walls ar
underdraine and mounding becomes a problem, the operacor should get help
from a qualified groundwater hydrologist.

(3} Winter operating procedures for the inflltration basins may,
dapending on the local climate, vequire that certafin precautions be taken
to stop freezlng in the distribution network. The aperator should check
the site daily for these types of problems and correct them immediately.

4-3. Ewmergency procedures. One of the more serious things that can happen
to a rapid i{nfiliraclon svatem ia an eleckrical power fallure that can
affect pumps and motorized valves. An emergency genevator should be avail-
gble. The oparator should consider sudden basin clogging an emargency and
he shenld take acrlon to correct it as described in paragraph 4-6.

4-6. Maintenance congiderationg, Maintalning the seil infiltration capac-
Ity should be of prime concern to the operator. 4s statad praviously, the
operator should keep accurate reeords of the infiltration rates of the
basins tn datermine when surface rastoration {3 needed,

_E. Rastoring the bazins to an acceptable 1ntiltration ecapaciey Is
normally accomplished by discing ar scarifying the dry zoil surface to
break ap the organic mat that develops, Another method 1s to completely
remove the kop layar of asil and replace i1t with a suftable zail. Thi=s
-method gses more labor and equipment than discing and 1t will alse require
large earth moving equipment. If this method 13 used, care muat be taken
to limlkt the amount of wehicular traffic on the beda to reduce tha awmount
of compaction of the subsurface soll lavers.

b+ In colder climates the operator should diac the dry surface of the
basina about once szach year during the late summer and fall. This should
keep the basins from clopggling durlng the winter ceason. Ancother suggestion
For cold climates Is to plow the basin surface each fall and leave the
ridges and furrows. 45 the water level in the basins decreases, sheets of

4-3
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fleating i{ce should come to resk on the tidges while the remaining water
infi{ltrates into the furrows. During the next flooding eaquence, the
wmatewater will {nitfally fi1l the furrows and then as the water level

rises, it will float the sheets of 1ce thac are bridging the rldges. This

floating ice helps to {nsulate the wastewater in the basins. Also, basins
in cold climates that have grass or weeds growlag in them ehould be mowed
in the fall. This will keep ice from freszing to the vegetaktion near the
goil surface; this attached ire will be submerged during the next flooding
eyele and prevent Infiltration. The standing water will then freeze and
the hagin won't work.

. Mechanical equipment such as pumps, valves and flowmeters ghould be
maintained in areordance with the manufacturers' gpufdelines.

ft,

Tl
"
N 1
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APPENDIX 4
SAMPER CALCHLATIONS

A-1. Inetreductiom. This appendix presents calzulations that will help an
operator manage his land treatment systems The primary concern here is
water management: fecelving the water inte the treatment system, pretreat-—
ing it, storing it, and distributing ic onto the land, with recovery and
Final discharge {f applicable. A4lso of concern Is guality management and
energy¥ management. Cuallty management ensures that the land Ereatment
system is operating within 1ts capabilities, especially the vegetation
compouent, and also eatisfies regulatory requirements. The operator can
manage anergy use by collacting and using power consumptfon data to make
sure that the land creatment avstem is efficient. This Is critical in
Justifying charges to those people whe must pay for the system.

A-2. Water management, Land treatment systems generally consist of three
ma jor components, each of which can take several different forms (fig.
A-1}. Pretreatment can be almest any conventional process, from simple bar
screans to primary clariflers to an activated sludze plant. This is
particularly true where the land treatment component has heen added to an
extaring wastewarer rraarment plant te upgrade or expand ir. The parpasa
of pretresatment is to preparse the wastewater for application onte the land,
and to protect the distribution system that discharges the wastewabar to
the land {pumps, nozzles, welrs, etc.). Operation. and maintenance of con-—
vantional processes are covered adequately elsewhere. In nany meoderan land
Ersatment systems, pretreatment and atorage are combined in a pond, asuaally
of mltiple exlls. Alternatively, two or moere poada may be providad, the
first for pretreatment and the last for seaspnal or emergency storage. In
gatteral, treatment ponds will maintain a constant depth, wheveas stovage
ponds will vary in depth. Depending on state standards, most ponds are
lined to pravent seepage.

Prairagt mani Sizroge Land

Figure 4-1, Major componente of a
land treatment s¥sLem.

A-3. Ponds. GCalculations helpful in managing the poad system are area-
depth4ﬁaiﬁaé ralationships and water balance equatliens for the pond system.
v = Ad {at ény time t) . (L}
where
Y = yolume of pond tee?)

A = surface araa {(ftZ)
d = depth {ft),.

a1
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a. For example, in a pond with an ares of 10 acres and a depth of 6 i_ 3
feet, the volume of water contained is o
V = Ad = (10 acres)(43,560 ft?/acra}(6 ft) =
(2,513,600 ££%)(7.48 gal,/fcr?) = 19,549,728 gal,
The change in volume for a pond over a given time can be obtained by making
a water balance for the pond — essentially accounting for all of the watar
entering and leaving the pond syastem:
AY = Q4 +P =~ Qy —E -8 (2)
where
4V = change in volume over time t {(ft¥)
Qy = influent wastewater to the pond (ft>/unit time)
P = precipitation over time ¢ (1u.g
Qy = effluent from pond to land (ft°/unic time)
E = gvaporation over time t f{in.)
§ = seapage over time t {in.).
Hote that P, E and 5 are depths, and that squation 1 can be used to
translate these depths Iinto velumes of water sntering tha pond.
b. Alfrhough an operator cannek centrol any of the parsmetars in equa- iﬁ B

tion 2 except Q,, use of these equations, cowbinad with depth measure-
ments of the storage pend and knowledge of the overall eystem, can glve the
operator knowledge of when to apply wastewater and how much to apply (with-
in the deaign limits of the syatem), It can alsc glve early warning about
possible leaks In the storage compenents, and leaks, infiltration or major
new discharges In the collection eystem.

A-4. Lland. Management of water on the 1and somponent of the treatment
system is constrained primarily by climata and the percolaticn capacity of
the gsoil. These ¢lements, as well as others, were accounted for during the
design of the land trestment syetem. Key elements in managing the land
component of the treatment system are Hydraulic Enading Rate {HLR) and
Application Rate (4R). HLR 18 the amount of wastewater to be applied to
the land per year or month (ft/year or ftfmonth), AR is the depth of water
to be applied during each loading eycle (im.}. In rapild fanfiltration and
glow rate systems, It is essenfial that several days without application be
ailowed hetween loading cyeles so that seroblc conditions In the root zone
and #2il profile are restored. In overland flow systems, thats may ha
daily loading with no applicacien at night and on weekends, In order to
calaulate the amount of water to apply during a given loading cycle, it 1s
necassary to know the HLR and the spplication frequancy.

v = [BR] [a1043,560 £t%/acre! | (3)
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volume during one loading cycla (fta}
freguency of application {times/month}
hydraulle loading rate (ft/momnth)
fiald area {zcres).

-
it o) 8

For axample: A = 25 acres, f = once/week and HLR {for July) = 1 fr, How
much wastewster zhould be spplied during eaeh weakly lsading syele?

Vv o= (1 ftI(25 acres)(43,560 ftzfacre} = 1,089,000 fed
July has 31 dayé. ort

31 Davs N '
7 davs/week 4.3 weeks.

Weskly loading:
1,089,000 fr? ¢ 4.43 weaks = 245,823 £t} fueek or [,839,356 gal./week.

The ralculataed ameunt reprasents the wvolume to be applied to cthe field areaz
during 1 week., If the land application site I=s zoned into areas or basins
that are to receive wastewater one at a2 time, the volume te ba pumped
during 1 day Is divided by the number of basins, and the number of pumping
days is equal to the twumber of basins,

A-5. Water gualitve. It ds. Important to know how much of varicus waste-
wataer constltuents, particularly nutrients, 1s actually beinzg applied to
the land on a mazs bhasis. To accomplish chis, the concentracicn of the
constituent in the applied wastewater must be known as well as the amoant
of wastewater applied tg the land. '

My = (2.72)(ey)(HLR)

My % mass of constituent x {1bfacre} applied to the site

L]

conecantrabkion of constituent x (mg/L) In cthe applied
waskawatar

HLR = hydraulic loading vata of the applied wastewater {ft/month)

2,72 = conversion factor, to convert unltse to 2 mass basis.
Example: Area = 30 acres, HLR for July = 1 ftf, cg = total nitrpgen.= 23
mgfL, How many pounds of nitrogen per acte are applied during the month of

July?

My = (2.72)(25 mg/L3C1 fc) = 68 lhfacre per month.

A3
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The total amount of nitrogen applied Ia July is:

Total nitrogen = (63 lb/acre){30 acres) = 2040 1h,

Note that ie this example total nitrogen concentratlon was given. It is-
accaptable to zssume that the sum of total Kjeldahl nitrogen {TEN) and
nitrate (both as N) ie approximately equal to total nitrogen. The basic
aquation 1s wvalld for all wastewater constituents and can also he used to
caleulate mass loadings of storage-treatment lagoons.

Ah
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. Ina system, wastewater is applied at the top of gently sloping grassed
fields.

a) overland flow

b) infiltration flow
c) soil filtration

d) none of the above

system uses flooding of open basins in sandy soils. Vegetation in the basins
is not necessary for treatment. The wastewater is treated as it percolates through
the upper soil layers.

a) Overland flow

b) Infiltration flow
c) Rapid infiltration
d) none of the above

is a loamy, dense, brittle subsurface horizon that is very low in organic
matter and clay but is rich in silt or very fine sand. The layer is seemingly cemented
and slowly or very slowly permeable.

a) Fragipan

b) Aquiclude

c) Aerosol

d) none of the above

is a device used to measure the negative pressure (or tension) with which
water is held in the soil; a porous, permeable ceramic cup connected through a tube
to a monometer or vacuum gauge.

a) Tilth

b) Tensionmeter

c) Volatilization meter
d) Lysimeter

Slow rate land systems must have a minimum depth to groundwater of at least

a) 3feet
b) 5 feet
c) 10 feet
d) 20 feet

It is typical for most waste treatment processes to be described in terms of the flow
volume per unit of time, such as cubic meters per second or gallons per minute, etc.

a) True
b) False



7. The number of operating personnel and the skill levels required of them will depend

on the type of system and on its size.

a) True
b) False

flow direction made during system design.

a) True
b) False

wastewater is allowed to remain in contact with the soil surface. Generally,
can be expected to produce a better runoff water quality.

a) longer detention times
b) shorter detention times
c) faster flow

d) slower flow

The location of monitoring wells is based on the determination of the groundwater

Runoff water quality from an overland flow slope will depend on the amount of time

10. Wastewater should not be applied to an overland flow slope until the grass is well

established. Premature wastewater application will cause

a) erosion

b) channeling

c) grass should not be installed
d) botha)andb)

11. It will take approximately for the overland flow system to reacclimatize

after a prolonged winter shutdown.

a) 1week

b) 1 month

c) 3 months

d) no down time

12. Emergency situations that might be of concern on overland flow systems include

shock loadings of toxic wastes.

a) intense rainstorms
b) sudden cold spells
c) insectinfestations
d) all of the above

13. Maintaining the soil infiltration capacity should be of prime concern to the operator.

a) True
b) False



14. Restoring the basins to an acceptable infiltration capacity is normally accomplished
by dicing or scarifying the dry soil surface to break up the organic mat that develops.

a) True
b) False

15. One of the more serious things that can happen to a rapid infiltration system is an
electrical power failure that can affect pumps and motorized valves.

a) True
b) False
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