CHAPTER 7
SMALL SYSTEMS

7.1 Introduction

The procedures in this chapter are intended primarily for
systens with wastewater flows of 950 m/d (250,000 gal/d) or
| ess, but, in sone situations, nmay be used for flows up to
3,785 m/d (1 Mal/d). The objectives for land treatnent
systens are the sane regardless of the community size.
However, the design of small systens shoul d include special
enphasis on the ease of operation and on mnimzing
construction and operating costs. Mst comunities in this
size range cannot hire full-tinme treatnent plant operators,
and the treatnent system nust be capable of providing
consistent, reliable treatnent in the absence of frequent
attention. In general, nost treatnent systens that neet
t hese obj ectives are nonnechani cal and have no di scharge to
surface waters.

The procedures described in this chapter can be used to
stream ine Phase 1 of the planning process. Limted field
wor k shoul d be conducted during phase 2 to verify Phase 1
assunptions and to optimze design criteria, particularly
when designing Rl systens. \When nore detail ed planning or
desi gn procedures are needed, the engineer should refer to
Chapters 4, 5, and 6.

7.2 Facility Planning

The procedures for planning and design of small systens are
simlar to, but less detailed than, the requirenents for
large facilities. Maxinmumuse is nade of |ocal expertise and
exi sting published information. The area Soil Conservation
Service (SCS) staff, the county agent, and | ocal farnmers can
all provide assistance and advice. The types of information
that shoul d be obtained fromthese | ocal or published sources
are summari zed in Table 7-1. The | evel of detail and the
period over which data have been recorded wll vary with the
comunity.

7.2.1 Process Consi derati ons

Any of the three major |and treatnent processes (SR, R, and
CF) or conbi nations of these processes are suitable for small
communities. Seepage ponds have been used successfully in
many snmall comunities and are simlar to R in that
relatively high hydraulic l|oading rates are used and
treatment occurs as wastewater percolates through the soil.
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The primary difference is that seepage ponds are | oaded
continuously, whereas RI systens use a |oading cycle that
i ncludes both application and drying periods, resulting in
i nproved treatnment and maxinumlong-terminfiltration rates.
O her processes, including conplete retention and controlled
di scharge pond systens, also have potential for snall
communities. Information on these pond systens can be found
in the EPA Process Design Mnual for Wastewater Treatnent
Ponds [1].

TABLE 7-1
TYPES AND SOURCES OF DATA REQUI RED FOR DESI GN
OF SMALL LAND TREATMENT SYSTEMS

Type of data Principal sources

Wastewater quantity and quality Local wastewater authorities

Soil type and permeability SCS so0il survey

Temperature (mean monthly and SCS soil survey, NOAA, local airports,
growing season) newspapers

Precipitation (mean monthly, SCS soil survey, NOAA, local airports,
maximum monthly) newspapers

Evapotranspiration and SCS soil survey, NOAA, local ai;ports, ]
evaporation (mean monthly) newspapers, agricultural extension service
Land use SCS soil survey, aerial photographs from

the Agricultural Stabilization and
Conservation Service, and county assessors'
plats

Zoning Community planning agency, city or county
zoning maps

Agricultural practices SCS soil survey, agricultural extension
service, county agents

Surface and ground water State or EPA
discharge reguirements

Ground water (depth and guality) State water agency, USGS, drillers' logs
of nearby wells

Design features, site characteristics, and renovated water
quality of the three mgjor l|and treatnent processes are
summarized in Tables 1-1, 1-2, and 1-3. CGeneral charac-

teristics of small |and treatnent systens are summarized in
Table 7-2. This table should be used as a guide to process
sel ecti on. Final criteria should be determ ned during

facilities design.
7.2.1.1 Operation and Omership Alternatives

Smal | systens nay be owned and operated by a municipality or
wastewater authority, although nunicipal ownership and
operation are not always necessary. In all cases, overal

syst em managenent should be under the control of the mnuni-
ci pal agency held responsible for performance. Qpportunities
often exist, and should be sought, for contractual agreenents
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with local farnmers to take and use partially treated
wastewater for irrigation and other purposes. By taking
advantage of such agreenents, a comunity can avoid
i nvestnents in equipnent and | and, and can elimnate the need
to hire and train new enpl oyees.

TABLE 7-2
GENERAL CHARACTERI STI CS OF SMALL
(<950 n¥/d OR <250, 000 gal/d) LAND TREATMENT SYSTEMS

Minimum ] ) .
preapplication Application torage

Process treatment Crops Appfication season schedule requirements
Slow rate Annuals Growlng season 8 h, 1 d/wk See Figure 2-5
i 3-5 months)
Surface Primary { i i ,es
application Perennials Year-round with 8 h, 1 d/wk See Figure 2-
; or double exception of down-
Sprxpkle; Ponds cropping time for planting,
application harvesting,
maintenance, and
cold-weather
storage if necessary
Rapid Primary Not Year-round 2 d applica;ion, 7-30 d fqr
infiltration applicable 10-18 4 drying emergencies
Overland Screening and Perennial Year-round with 8-12 h/d, See Figure 2-5
flow comminution grasses exception of down- 5-7 d/wk

time for planting,
harvesting,
maintenance, and
cold-weather

storage if necessary

Arrangenents between local farnmers and comunities can
i nvol ve any of several alternatives. For exanple, the
community can provide partially treated wastewater to a
farmer, who is then responsible for all conponents of the
| and treatnent process. Alternatively, the comunity my
provide and maintain irrigation equipnent that is used by a

farmer who is responsible for all farm ng operations. I n
either case, the farner agrees to take a predeterm ned anount
of water each year to use on his own |[and. A third

alternative is for the community to purchase or |ease |and
and equi pnment for land treatnent and assune responsibility
for all aspects of the system except planting, cultivating,
and harvesting. These three tasks are acconplished by the
| ocal farmer on a contractual or crop sharing basis.

Land used for wastewater application either can be purchased
outright (fee-sinple acquisition) or |eased on a |long-term
basis. Long-term/leases should include the itens summari zed
in Table 2-15. Gant eligible costs of a long-term|ease are

paid to the community in a lunp sum at the beginning of the
| easing term
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Contractual arrangenents between local farnmers and com
muni ties should specify the foll ow ng:

1 The duration of the agreenent.

1 Projected quality of water that will be delivered
to farners.

Any limts on application rates, buffer zones, or
runoff control

Any imtations on crop types due to |local or state
requirenents.

Cost to local farmer and/or comunity.
1 Met hod and tim ng of paynents (generally annual).
1 Met hod of transferring contract.

Arrangenents between | ocal farmers and conmunities are nost
practical when forage grasses or grazing aninmals are
i nvol ved, since there is |less constraint on application of
wast ewater in years of high rainfall. O her agricultura

crops with shorter growi ng seasons or which are |l ess water
tol erant than forage grasses nay require additional storage
or other considerations. Mst arrangenents have involved SR
syst ens. Overland flow systens normally are owned by the
comunity to ensure control over system operation. However,

contract harvest of OF grasses is advantageous in comunities
that | ack the necessary equi pnent and experti se.

Rapid infiltration systens also tend to be nunicipally owned
and operated to ensure control over the wastewater treatnent
pr ocess. No crops are involved; thus, the only potenti al
agreenents between farmer and comunity are for |and | easing,
property easenents, or use of recovered water

7.2.1.2 Wat er Rights Consi derations

In the western states, water rights nust be considered

Return of renovated water, including OF runoff and SR and R

percol ate, to the original point of conunity di scharge may
be necessary. Sonetines, R basins can be |ocated so that
seepage and subfl ow proceed directly to the stream or water
body (Figure I-2c; Section 5.7.1) that received discharge
fromthe previous system The local water rights situation
shoul d be checked with the state agency in charge.
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7.2.1.3 Preapplication Treat nent

Most land treatnment systens include a preapplication
treat ment step. In small communities, wastewater storage
often is provided in the preapplication treatnent process.
The use of existing treatnent facilities may reduce the
capital cost of a land treatnent system but may necessitate
construction of separate storage facilities.

Preapplication treatnment facilities should be as close to the
application site as the topography, |and availability, and
systemobj ectives allow. Mst existing treatnment facilities
serving small communities are located at a relatively |ow
elevation to allow a gravity sewer system Thus, if existing
facilities are used, it probably will not be possible to
| ocate the application site near the preapplication treatnent
system Instead, it is often necessary to punp the partially
treated wastewater to the application site.

7.2.1.4 Staffing Requirenments

Staffing requirenents depend on the types of preapplication
treatnment and land treatnent, the size of the system and
whet her the community or a farmer operates the | and treatnent
portion of the system Staffing requirenments for rmunicipally
owned and operated systens are presented in Figure 2-9.
Staffing requirenents at a variety of smaller systens are
shown in Table 7-3.

7.2.2 Site Sel ection

Before a conmmunity can begin the site selection process, it
must be able to estimate the anobunt of land that a |and
treatment system wll require. Approxi mate |and area
requi renents have been plotted as a function of average
design flow for each of the three mmjor types of |[|and
treatnent in Figure 7-1. Although land area estinmates are
shown only for flows of 950 n¥/d (250,000 gal/d) or |ess,
| and requirenents for flows of up to 3,785 n¥/d (1 Mal/d)
can be extrapol ated fromthe curves.

In addition, for SR application periods between 6 and 12
nmont hs per year, |land area requirenents can be interpol ated
fromthe two SR curves. For OF application periods greater
than or less than 10.5 nonths per year and RI application
periods less than 12 nonths per year, |and area requirenents
can be extrapolated fromthe OF and Rl curves, respectively.
Figure 7-1 can be used to determ ne what size site to search
for during the site selection process, but should not be
used for design purposes. Final land requirenents wll vary
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with the crop grown, site characteristics, and whether the
site is operated by the comunity or a |local farner.

TABLE 7-3
TYPI CAL STAFFI NG REQUI REMENTS
AT SMALL SYSTEMS

Municipal staff requirements

Pre- Land
1980 flow application treatment Annual

—_— components, components, total,
Location mdza gal/d Site use Site control man-days/yr man-days/yr man-days
Chapman, 66 17,400 Grass (RI) City - -- <1652
Nebraska
Falkner, 106 28,000 Grasses (OF) City <89 <93 <182
Mississippi
Kennett 190 50,000 Forest City 130 68 198
Square,
Pennsylvania
Ravenna, 275 72,000 Open, un- City 68 7 75
Michigan cultivated

fields
Santa Anna, 285 75,000 Alfalfa, Farmer owns, 54 46 100
Texas grass, city operates
pasture equipment
Wayland, 950 250,000 Hay, corn City owns, 104 68 172
Michigan farmer
harvests

Winters, 1,130 297,000 Hay Farmer owned 52 0 52
Texas

Note: Preapplication treatment by ponds.
a. Includes labor spent maintaining three pumping stations in collection system.

The site selection process can be divided into parts: site
identification and site screening (Sections 2.2.4 and
2.2.5). In small comunities, the first step in identifying
potential land treatnent sites is to determ ne whether any
of the local farners are wlling to participate in a |land
treatment project or are interested in selling or |easing

property for a land treatnent site. Questionnaires and
meetings with local groups can be particularly hel pful when
maki ng this determ nation. If one or nore farnmers are

interested in participating and have enough |land to take and
use the wastewater, or are interested in selling or |easing

enough property for a Jland treatnent site, site
i nvestigation can begin. If the local farners are not
interested or if the interested farnmers do not have enough
suitable land, it will be necessary to identify and screen

pot enti al sites using existing soils, t opogr aphi cal
hydr ogeol ogi cal, and | and use data. The identification and
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screening processes are detailed in Chapter 2; only the
hi ghlights are presented in this chapter.

As discussed in Section 2.2.4, existing data can be used to
classify broad areas of |and near the community according to
their land treatnment suitability. Factors that should be
consi dered include current and planned | and use, parcel size,
t opogr aphy, present vegetative cover, susceptibility to
fl oodi ng, soil texture, geol ogy, distance fromthe area where
wast ewat er i s generated, and need for underdrai nage (based on
recommendati ons of |ocal SCS representative). Cenerally, the
characteristics of the closest suitable site wll greatly
i nfluence the selection of the land treatnent systemtype to
be designed. The detailed rating factor approach in Chapter
2 is usually unnecessary because economcs will limt the
nunber of sites that can be consi dered.

7.2.3 Site Investigations

As in larger coomunities, field investigations are conducted
to verify any data used to select sites and to verify overal
land treatnent suitability. However, the |evel of effort
needed to conduct site investigations in smaller communities
is much lower. In smaller communities, it is nore practical
to conduct mninmal field investigations and assune rel atively
conservative design criteria than to conpl ete the extensive
and expensive investigations needed to pinpoint optinma
design criteria.

CGenerally, soils information available from the area SCS
office and limted field observations will yield sufficient
information for nost SR and OF system designs. The first
step in the site investigation procedure should be to visit
the potential site wth a local SCS representative. The
primary purpose of these site visits is to confirmthe data
used to identify and select suitable sites. A few, shall ow,
hand- auger borings to identify the soil profile should be
conducted to confirmthe SCS data and check for inperneable
| ayers or shallow ground water. Infiltraton tests (see
Section 3.4.1) are usually only needed for R sites. For R
sites, a few backhoe pits to 3 m (10 ft) or nore are also
recommended, but drill holes are wusually deferred until
prelimnary design

If crops wll be grown, a site visit with the county agent or
| ocal agricultural or forestry advisor is recommended. The
purpose of this site visit is to obtain advice on the type of
crops to use and on crop managenent practices.
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7.3 Facility Design

Because only Iimted field investigations are conducted in
small communities, it is inportant to use conservative design
criteria. The application schedules and storage requirenents
presented in Table 7-2 are exanpl es of conservative criteria.
Ot her design criteria that nust be identified include the
| evel and type of preapplication treatnent and storage, the
| and area required, wastewater |oading rates and schedul es,
and punpi ng needs and other nechanical details. Land area
requirenents are estimated during the planning process and
are refined as the hydraulic l|oading rate, nethod of
preapplication treatnent, and storage requirenents are
defined nore precisely.

7.3.1 Preapplication Treatnent and Storage

EPA gui dance on m nimum | evel s of preapplication treatnent is
summari zed in Table 7-4.

TABLE 7-4
RECOMVENDED LEVEL OF
PREAPPLI CATI ON TREATMENT

Type of land Recommended
treatment Situation preapplication treatment

Slow rate Isolated location; restricted public Primary.
access; crops not for human consumption.
Controlled agricultural irrigation; Biclogical (ponds or in-plant
crops not to be eaten raw by humans. processes) with control of fecal

coliforms to <1,000 MPN/100 mL.

Public access areas such as parks, Biological (ponds or in-plant
golf courses. processes) with disinfection to

log mean fecal coliforms of
£200 MPN/100 mL.

Rapid Isolated location; restricted public Primary.

infiltration access.
Urban location; controlled public Biological (ponds or in-plant
access. processes) .

Overland flow Isolated site; no public access. Screening or comminution.
Urban location; no public access. Screening or comminuticon with

aeration to control odors during
storage or application.

In small communities, ponds are usually the nost practical
form of preapplication treatnent and storage. They are
relatively easy to operate, require mninmal maintenance, are
| ess expensive than many types of treatnment, and elimnate
the need for separate storage facilities. Al t hough sone
communities wll want to use or upgrade other existing
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facilities for use as preapplication treatnent facilities,
many small communities will find it advantageous to convert
to pond systens because of their consistency, reliability,
flexibility, ease of operation and mai ntenance, and cost.

Cenerally, ponds are constructed with one to three cells. In
a three-cell system the first cell is usually small and may
be aerated to control odors. Alternatively, if sufficient
land is available, the first cell may be designed as a
facultative cell with a BOD | oadi ng of about 120 kg/ had (107
| b/acre-d). The water level in this cell is usually constant
and can be controlled wth an adjustable overflow weir or a
gated manhole. The final cells can be used for storage and
fl ow equalization. For this reason, these two cells are nade
as deep as possible. Typical design paraneters for several
types of ponds are presented in Table 7-5.

TABLE 7-5
TYPI CAL DES|I GN PARAMETERS FOR SEVERAL
TYPES OF PONDS [ 2]

Aerobic Facultative Anaerobic

Pond size (individual <4 1-4 0.2-1
cells), ha

Detention time, d 10-40 7-30 20-50
Depth, m 1-1.5 1-2.5 2.5-5
BODg loading, kg/ha*d 40-120 15-200 200-500
BODg removed, % 80-95 80-95 50-85
Effluent suspended 80-140 40-100 80-160

solids, mg/L

1 ha = 2.47 acres
1m = 3.28 ft
1 kg/ha-d = 0.893 lb/acre-d

An additional benefit of wusing ponds is that the |ong
detention tines (30 days or nore) pronote nitrogen renova
and pathogen inactivation, prelimnary nodels to estimate
ni trogen and bacterial renovals in ponds are given in Section
4.4. 1.

7.3.2 Hydraul i ¢ Loadi ng Rates
The first step in designing the land treatnent portion of the
systemis to select a hydraulic |oading rate. As an initial

assunption, the hydraulic loading rate for SR and Rl systens
is based on the nost imting SCS perneability classification
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of the soils at the selected site. Hydraulic |oading rates
that may be used in each of the three major types of I|and
treatment systens have been plotted as a function of SCS
perneability classification in Figures 7-2 and 7-3. Bot h
figures represent average hydraulic |oading rates. ILn
Figures 7-2 and 7-3, whenever a range of l|loading rates is
given, the lower end of the range should be used for prinmary
effluents, the md zone for pond effluents, and the upper
portion of the range for secondary effluent. Lower | oading
rates than shown in Figures 7-2 and 7-3 can be used but w |
require nore land. If OF is used to polish trickling filter
or activated sludge effluent, loading rates of 30 to 40 cm wk
(12 to 16 in./wk) can be used.

Loading rates at SR and Rl systens that overlie potentia
drinking water aquifers may be limted by nitrogen |oading
rather than soil perneability. At these systens, the ground
wat er concentration of nitrate is limted to 10 ng/L as
nitrogen at the project boundary (or the background nitrate
concentration, if it is greater than 10 ng/lL). Rapi d
infiltration systenms should not be |ocated above drinking
wat er aquifers unless thorough field testing is conducted to
verify that the nitrate standard can be net or unless the
renovated water will be recovered (Sections 5.4.3.1 and 5.7).

7.3.2.1 Slow Rate
For SR systens |ocated above drinking water aquifers, the

foll ow ng equation should be used to cal cul ate the maxi num
al l owabl e nitrogen | oading rate based on nitrogen limts:

Lw(n) _ Cp(Pr - ET) + 10U (7_1)
(L - £)(Cp - Cp7
where Ly, = wastewater hydraulic |oading rate based
on nitrogen limts, cmyr (in./yr)
G, = percolate nitrogen concentration, ng/L =
10 ng/L

Pr = precipitation rate, cmyr (in./yr)
ET = evapotranspiration rate, cnmyr (in./yr)

U= crop nitrogen wuptake rate, kg/ha-yr
(I b/acre-yr)
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f = fraction of applied nitrogen renoved by
vol atilizaton, denitrification, and
storage = 0. 15

C, = nitrogen concentration in appl i ed
wast ewater, ng/L

Conservative val ues shoul d be assuned for nitrogen | osses and
crop uptake rates to ensure adequate nitrogen renoval. For
this reason, nitrogen storage and ammoni a volatilization are
ignored in Equation 7-1 and the denitrification rate is
assuned to equal 15%of the nitrogen |oading rate. N trogen
| osses during preapplication treatnent depend on the type of
treatment. For conventional primary or secondary treatnent,
nitrogen loss is negligible. As discussed in Section 4.4.1,
the nitrogen loss in a pond can be estinmated from Equation 4-
1.

Conservative nitrogen uptake values are presented for typical
crops in Table 7-6.

TABLE 7-6
NI TROGEN UPTAKE RATES FOR SELECTED CROPS*

Nitrogen uptake

Crop rate, kg/ha-yr
Forage
Alfalfa 300
Bromegrass 130
Coastal bermudagrass 400
Kentucky bluegrass 200
Quackgrass 240
Reed canarygdrass 340
Ryegrass 200
Sweet clover 180
Tall fescue 160
Field
Barley 70
Corn 180
Cotton 80
Milomaize (sorghum) 90
Potatoes 230
Soybeans 110
Wheat 60

a. Values represent lower end of ranges
presented in Table 4-12 and are
intended for use in Equation 7-1.

1 kg/ha+d = 0.893 lb/acre-d

7-14



The calculated value from Equation 7-1 of Ly, is then
di vided by the nunber of weeks per year of expected operation
and conpared with the hydraulic |oading rate obtained from
Figure 7-2. At this point, the engineer should check with
the local agricultural or forestry adviser to verify that the
selected crop is tolerant of the |ower of the two cal cul ated
| oadi ng rates. If so, the lower of the two |oading rates
shoul d be used for design purposes. If the selected crop
cannot tolerate the design |oading rate, a crop wth higher
noi sture tol erance or nitrogen uptake shoul d be sel ected.

In small comunities, the application schedules presented in
Table 7-2 are recormended. Again, if a farner agrees to take
and use the wastewater on his own |and, he may continue to
use any application schedule that has resulted in a well-
managed agricultural system

7.3.2.2 Rapid Infiltration

Hydraulic loading rates for small R systens can be estinmated
using Figure 7-3. The perneability of the nost restricting
soil layer in the soil profile can be neasured using
techni ques described in Section 3.4. In Figure 7-3, the
| oner curve shoul d be used when primary or pond effluent is
to be applied, and the upper curve can be used when secondary
effluent is to be applied.

7.3.2.3 Overl and Fl ow

The hydraulic loading rates for- small OF systens are the
sane as recommended in Chapter 6, Table 6-5. Because of
operational considerations, it is recomended that either 8
or 12 h/d application periods be used, whichever is nost
conveni ent. Sinple automation wusing time swtches and
sol enoid valves allows flexibility in selecting application
peri ods.

7.3.3 Land Area Requirenents

Once the hydraulic loading rate has been determ ned, the
anount of land required for |land treatnent can be cal cul at ed.
For systens that operate year-round, the land required is
sinmply the design average wastewater flow divided by the
annual hydraulic |oading rate. For systens that are not
operated year-round, the area required is calculated as
fol | ows:

A = 0(365) (100)
(L) (t) (10,000)

(Metric units) (7-2)
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Q(365)(100) (U.S. customary units)

A_
(L) (t)(7.48)(43,560)
wher e A= area required, ha (acres)
Q= desi gn average wastewater flow, m 3/d
(gal/d)
L, = hydraulic loading rate, cmwk (in./wk)

(see Section 7.3.2)

t = nunber of weeks per year during which
wastewater is applied

For exanple, if a systemis operated 43 weeks out of the
year, the acceptable hydraulic loading rate is 5.8 cnmiwk (2.3
in./wk), and the design average wastewater flow is 900 n¥/d
(240,000 gal/d), the area required for land treatnent is:

(Q)(365)(100)

A 1L,)(6) (10,000

(900)(365)
(5.8)(43)(10,000)

13.2 ha (32.5 acres)

Additional land is required for preapplication treatnent,
storage, access roads, and in sone cases buffer- zones. A
prelimnary allowance of 15 to 20%of the field area is often
made for roads, buffer zones, and small unusable | and areas.
Land requirenents for preapplication treatnment and storage
are determined in the prelimnary design of these conponents.

7.3. 4 Di stribution Systens
Detailed information on SR distribution systens is presented
in Section 4.7 and Appendi x E. Additional considerations for

small communities are presented in this section.

Di stribution nmethods are selected on the basis of terrain,

type of land treatnent system and |ocal practice. In snal

communities, it is prudent to choose a distribution nethod
that is used locally or that will result in a system that
requires only part-tinme operational attention. |If a locally
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used distribution nmethod is selected, any specialized
equi pnmrent and necessary expertise wll be nore readily
avai |l abl e.

Traveling guns require relatively high anmounts of | abor and
are nore adaptable to systens where several, odd-shaped
fields are irrigated each season, so they are usually owned
and operated by a local farnmer. Both solid set and center
pivot irrigation systens can be adapted to either municipally
owned or farnmer owned small irrigation systens. Cent er
pivots will generally not be applicable for very small SR
systens (below 16 ha or 40 acres).

Distribution systens for Rl and OF facilities are descri bed
in Sections 5.6.1 and 6.6, respectively.

7.4 Typical Small Community Systens

To illustrate sonme of the features of small scale |and
treatnent systens, four cases are described in this section.
These include two SR options, one R, and one OF system It
is not intended that the site specific criteria for these
four systens be applied for process design el sewhere. The
concepts will be valid, but specific criteria will depend on
i ndi vidual site characteristics.

7.4.1 Sl ow Rat e Forage System
7.4.1.1 | nt roducti on

A pond system using SR application of wastewater onto several
grassed plots is often a workable design for a snall
community that does not generate sufficient wastewater flow
to be economcally beneficial for irrigating a cash crop.

7.4.1.2 Popul ati on

The community, located in eastern Nebraska, has a present
popul ati on of approximately 300. The desi gn popul ation for
the treatnent facility is 310.

7.4.1.3 Fl ow

The flow to the treatnent facility is strictly donestic
wast ewat er, because there are no industries in the comunity.
The systemis designed to treat an average per capita flow of
0.25 n¥/d (65 gal/d), or a total flow of 76 n?¥/d (20,000

gal /d). Low per capita flows are very comon for small
comuni ties having no industries and very m ni mal conmerci al
devel opnent . Actual flows to the system have gradually

increased as residents switched fromtheir old septic tank
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systens to the nunicipal collection system Flows are
commonly in the 57 to 95 n¥/d (15,000 to 25,000 gal/d) range.

7.4.1.4 Cimte

The normal annual precipitationis 84 cmyr (33 in./yr) and
t he average annual gross |ake evaporation is 109 cniyr (43
in./yr). The nmean nunber of days in which the maxi nrumdaily
tenperature exceeds 32 °C (90 °F) is 40, and the nmean nunber
of days in which the mnimumdaily tenperature falls below O
°C (32 °F) is 130. In an average year, there are 232 days
between the last killing frost in the spring and the first
frost in the fall.

7.4.1.5 Site Characteristics

The silt loamsoils at the proposed treatnent site are deep,
nearly level, and well drained. Surface soils are silt | oam
and the subsoils are silty clay |oam Perneability is
noderately slow in the 1.0 to 1.5 cmih (0.4 to 0.6 in./h)
range. The site is relatively level and does not overlie a
pot abl e aquifer.

7.4.1.6 Treatnment Facility Design

The treatnment facility consists of a single cell unaerated
pond followed by a series of four grassed plots which receive
wastewater fromthe pond. Efluent is not disinfected. The
pond provides both wastewater treatnment and storage. The
degree of treatnent in the pond is not a significant factor
in design, other than providing at |east the necessary
primary treatment for renoval of heavy solids and rags that
could plug distribution piping. The storage volune
facilitates operation of the system since it is not
necessary to have an overflow during periods of heavy
precipitation or other unfavorable conditions, and the
grassed plots can be allowed to dry between applications to
al l ow nowi ng and nmi nt enance. The design information is
summarized in Table 7-7.

The single cell pond is sized simlarly to the first cell of
a conventional facultative pond system The design BOD
|l oading is 34 kg/ha:d (31 Ib/acre:d), a generally accepted
loading rate in Nebraska, and results in mninal septicity or
bl ue-green al gae problens. H gher |oadings nmay be all owed by
ot her states where ponds do not becone ice covered in the
winter. By having a 1.8 m (6 ft) water depth, 1.2 m (4 ft)
of storage volunme is provided above the 0.6 m (2 ft) water
|l evel. The storage volune in the 0.7 ha (1.7 acre) pond is
7,378 n? (1.95 Mal) above the 0.6 m (2 ft) depth. Thi s
capacity provides adequate storage during the approximtely
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133 days (19 weeks) each winter that the plots are not
irrigated, based on the design flow and seepage | osses of 0.3
cm (0.125 in.) per day.

TABLE 7-7
DESI GN | NFORMATI ON
FOR SR SYSTEM

Design flow, m3/d 76
BOD loading, kg/d 24
Design population 310
Treatment pond
Size, ha 0.7
Depth, m 1.8

Capacity above 0.6 m level, m3 7,378
Bermed grassed plots

Number 4

Size (each), ha 0.35

The total size of the grassed plots was determ ned as
follows. Calculated design |osses fromthe pond, including
seepage and net evapotranspiration, totaled 142 cmyr (56
in./yr). Using this value, the design overflow fromthe pond
(Q) was cal cul at ed:

Q = (76 m/d x 365 d/yr) (7-3)
(142 cmlyr x 1 m 100 cm x 7,000 n?)
= 17,800 n¥/yr (4.7 Mal/yr)
Using the limting soil perneability of 1.0 cmih (0.4 in./h),
a hydraulic loading rate of 3.8 cmwk (1.5 in./wk) was
obtained fromFigure 7-2. Next, the area required for SR was
cal cul ated (Equation 7-4):
A =1(17,800 n’)/ (3.8 cmwk x 33 wk)] (7-4)
x (100 cmim) x (ha/ 10,000 n¥)

1.4 ha (3.5 acres)

Four grassed plots, each 0.35 ha (0.88 acre) were desi gned.

Miultiple small plots were selected for several reasons. Each
plot is small enough to facilitate uniformflooding. Also,
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the use of multiple plots nmakes it possible for the operator
to mow or nmake repairs on a dry plot while the other plots
are being used for wastewater application.

Any one plot does not receive nore water than can percol ate
within 12 hours. This hel ps prevent damage to the grass
cover and al so provides sone | eeway in case precipitation is
received after a cell has been fl ooded. | gnori ng evapo-
transpiration, the limting soil pernmeability rate of 1.0
cmh (0.4 in./h) dictates that not nore than 12 cm (4.7 in.)
can be applied per each 1 day application period. To obtain
an average hydraulic loading rate of 3.8 cmwk (1.5 in./wk),
each application period nust be followed by 21 days of
drying. 1In practice, one plot is flooded on each of 4 con-
secutive days. After an additional 18 days of drying,
flooding is resuned. This sequence continues for approxi-
mately 232 days. During the winter (approximtely 133 days),
all wastewater is stored in the pond.

The overflow control structure designed for this system
requires mninmal operator attention. The structure uses an
overflow pipe that can be raised or lowered in increments to
rel ease the necessary volune of effluent. A cross—sectional
detail of the structure is included in Figure 7-4.

The grassed plots are quite shallow, having only 0.6 m(2 ft)
hi gh di kes. The slopes are 4:1, nmaking the basins readily
accessible to nowi ng equi pnent. This design hel ped m nim ze
the anount of earthwork necessary during construction and
al so maxi m zed the anount of usable area since |ess dike area
was required. Local SCS offices and publications were
consulted to obtain the necessary information for selecting
a seeding m xture, which needed to be suitable for periodic
f 1 oodi ng. A mxture of Reed canarygrass, swtchgrass,
redtop, and internedi ate wheat grass was pl ant ed.

Effl uent distribution to the grassed plots is by gated pipe
al ong the toe of the inner slope of one side. This allows
nmore uni form fl ooding of the basin as conpared to a single
inlet structure. The area under the pipe and in the
direction of flow from the pipe has a layer of rock to
m nimze erosion and channelization of the flow
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7.4.1.7 Per f or mance

Wien the facility was first started up, flows were quite | ow
until all of the residences were connected. The pond
provi ded conplete retention of all flows during the first 2
years of operation, with no overflow to the grassed plots.
In the third year, only two application periods were used:

one in the spring and one in the fall. The nunber of
appl i cations per year has been gradually increasing as flows
have approached the anticipated design | oadings. A good

stand of grass has been maintained in the application plots.
This grass cover enhances infiltration and provides maxi num
evapotranspirati on of the wastewater applied.

7.4.1.8 Staffing
The systemrequires only one part-time operator. Duties at

the pond include nowi ng, valve operation, weed control, and
mai nt enance of fences, access road, valves, and distribution

pi pi ng.
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7.4.2 Sl ow Rat e Forest System
7.4.2.1 | nt roducti on

This forested SR system is located at Kennett Square in

sout heastern Pennsyl vani a. The system consisting of a
series of treatnment ponds followed by sprinkler application,
has been operated since 1973. The system serves two

retirement comunities and is operated by the wastewater
authority.

7.4.2.2 Popul ati on and Fl ow

The popul ation of the two communities totals 725. The fl ow,
which Is entirely donestic wastewater, is currently 189 n¥/d
(50,000 gal/d). The design flowis 265 n¥/d (70,000 gal/d).

7.4.2.3 Cimte

Precipitation and evaporation are nearly equal wth average
annual precipitation at 110 cm (43 in.) and average annual
pan evaporation estimated to be 120 cm (47 in.). Aver age
annual tenperature is 11.9 °C (53.4 °F).

7.4.2. 4 Site Characteristics

The application area is covered with a native stand of beech,
mapl e, poplar, and oak trees. The soils are basically silt
| oans with predom nant slopes between 3 and 8% Soils are
noderately deep and perneable with slightly acidic pH val ues.
The soil perneability of 1.5 to 5 cnih (0.6 to 2 in./h) would
support a loading rate of 5 cmwk (2 in./wk) or nore on a
hydraul i c | oadi ng basis (Figure 7-2).

7.4.2.5 Treatnment Facility Design

The | ayout of treatnent facilities is presented in Figure 7-
5; phot ographs of the treatnent pond and sprinkler
application are shown in Figure 7-6. Wastewater is treated
in three treatnent ponds, disinfected, and applied via
sprinklers onto 3.24 ha (8 acres). The first pond is
aerated, covers a surface area of 0.128 ha (0.3 acre), and is
4 m(13 ft) deep. Aeration is provided by a 7.5 kW (10 hp)
floating surface aerator. Wastewater then flows by gravity
t hrough two nonaerated ponds that are 2.1 m (7 ft) and 2.4 m
(B ft) deep and cover 0.68 ha (1.69 acres) and 0.30 ha (0.75
acre), respectively. Total detention in the three ponds is
80 d at current flows.
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TREATMENT POND

SPRINFLER APPLICATION IN EXISTING HARDNOOD FOREST

FIGURE 7-6
SR FACILITIES AT KENNETT SQUARE, PENNSYLVANIA
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The design hydraulic loading rate is 5.1 cmwk (2 in./wk),
which is the State of Pennsylvania guideline. The nitrogen
| oading is 279 kg/ ha-yr (248 | b/acre-yr) for the design flow
which is somewhat high for application to an existing
har dwood forest. Because of the relatively mld climate,
year—+ound applicati on was pl anned.

The application area is divided into 14 separate areas or
plots. Wastewater is applied for 24 hours on 4 to 6 plots
each day, 5 days per week. On this schedule, an individual
pl ot receives effluent every fourth day. Storage for
weekends and cold weather is possible in the treatnent ponds.
The main lines and laterals are buried with drain valves to
drain the lines after applications are conplete.

A buffer zone of approximately 46 to 61 m (150 to 200 ft) is
mai nt ai ned between the application site and the nearest
residence. This area is covered with grass and trees. Al
stormvat er runoff fromthe community is diverted around the
site. Stormmater generated onsite is allowed to run off onto
adj acent | and. Site access is controlled by signs and
fenci ng; however, there are sone nature trails in the area to
whi ch access is permtted.

7.4.2.6 OQperation and Performance

The system has operated satisfactorily for 8 years. During
W nter operation, sprinkling is practiced until t he
tenperature drops to -6.7 °C (20 °F). Frost heave probl ens
have affected val ve boxes placed in the forest. Screening of
the applied water is needed to avoid nozzle clogging from
debris that falls into the ponds.

Treat nent perfornmance of the system can be neasured using the
ground water nonitoring wells. The depth to ground water
varies from3.6 to 9.1 m (12 to 30 ft) in the 11 nonitoring
wells. The range of nitrate nitrogen concentrations is from
O to 4.8 ng/L and indicates satisfactory performance, in
spite of the relatively high nitrogen |oading (Section
7.4.2.5).

7.4.2.7 Staffing and Budget
One operator spends approximately 6 h/d, 5 d/wk operating and
mai ntai ning the wastewater treatnent system O this total,
2 h/d is associated wwth the SR |and treatnent system
A total of $15,000/yr is budgeted for operation and nain-

tenance of the system O this total, 37% or $4,070/yr is
associated wth [ and treatnent.
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7.4.3 Rapid Infiltration
7.4.3.1 | nt roducti on

An Rl systemfor a small community need not be designed for
i ntensive wastewater applications at maxi num Rl rates, which
could involve the need for recovery of renovated water and a
relatively high | evel of operation and managenent. | nstead,
the design can be sinplified to neet the objectives of
wastewater treatnent and still maintain ease of operation

The following exanple illustrates an adaptation of an R
systemthat normally operates at very |ow application rates,
but has the capability of treating the exceptionally high
flows that occur occasionally.

7.4.3.2 Popul ati on

The facility serves the small, rural community of Chapman in
east central Nebraska. The comunity is primarily resi-
dential, with a small comrercial district, but with no in-
dustries. The present population is estimted to be 400.

7.4.3.3 Fl ow

The treatnment pond was designed to serve a popul ati on of 500.
When the treatnment facility was designed, there was no past
history of wastewater flows and an average per capita
contribution of 0.26 n¥/d (70 gal/d), or total flow of 132.5
nm3/d (35,000 gal/d), was assunmed. Actual dry-weather flows
have averaged approxinmately 66 n¥/d (17,400 gal/d). Thi s
flow amounts to less than 0.19 m/capita-d (50 gal/capita-d),
but is typical for this type of small, rural community where
average water use is low The fact that the town does not
have a nunicipal water systemis another reason that water
use and wastewater flows are very | ow

In contrast to the |ow average dry-weather flows, however
are very high peak flows during periods when parts of the
collection system are subject to infiltration from high
ground wat er elevations. Peak flows have ranged to as high
as 1,341 n¥/d (354,400 gal/d) on a nonthly average. The peak
flows are sustained, and have in the past stayed high for as
long as 6 nonths at a tine. This is a significant factor
affecting a treatnent facility since the pond system nust
handl e, at tinmes, flows ranging from2 to 10 tinmes the design
aver age fl ow.

7.4.3. 4 Cimte

The normal annual precipitationis 63.5 cmyr (25 in./yr) and
t he average annual gross | ake evaporation is 114.3 cmyr (45
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in./yr). There are 45 days per year when maxinmm daily
tenperatures exceed 32 °C (90 °F) and 150 days when the
m ni mum tenperature is below 0 °C (32 °F). The nean |l ength
of the frost-free period in the area is 160 days.

7.4.3.5 Site Characteristics

Soils in the area forned in alluviumon river bottom | ands,
and the topography is relatively flat. At the pond site, the
predom nant soil type is a noderately deep, nearly Ievel
sonewhat poorly drained |oam fornmed in cal careous |oany
alluvium The depth to the water table ranges fromO0.6 to
1.2 m(2to 4 ft). The |oamsurface |ayer and subsoil have
noderate perneability of 1.5 to 5.1 cmh (0.6 to 2.0 in./h).
The underlying gravelly sand, which is found 51 to 102 cm (20
to 40 in.) below the ground surface, has very rapid
perneability of over 51 cmh (20 in./h).

7.4.3.6 Treatnent Facility Design and Performance

The treatnment facility includes a pond and a single R basin;
design criteria for these facilities are sumari zed in Table
7-8. The pond consists of two cells, one having a suface
area of 0.7 ha (1.8 acres) and the other having 0.4 ha (1.0
acre). The maxi mum water depth of the cells is 1.5 m (5.0
ft). Dikes around the pond have an overall height of 2.4 m
(8 ft). The soils at the bottom of the pond were nedi um and
fine sands. Bentonite was added at the rate of 4.5 kg/nf¥ (20
tons/acre) to the bottomof the pond to limt seepage to | ess
than 0.64 cnid (0.25 in./d).

TABLE 7-8
DESI GN | NFORVATI ON FOR CHAPMAN Rl SYSTEM

Design flow, m3/d 132.5
BOD loading, kg/d 45
Year built 1965
Design population 500

Pond cell No. 1
Surface area, ha
Depth, m
Capacity above drawoff level, m

Pond cell No. 2

Surface area, ha 0
Depth, m 3 1.5
Capacity above drawoff level, m 3

3

Total detention time above drawoff
level at design flow, d 70

Infiltration basin size, ha 0.6

Hydraulic loading rate at design flow, m/yr 5
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The design of the pond is such that the two cells can be
operated either in series or parallel. The overflow control
box can be adjusted so that the water |level in either of the
cells can be drawn down or set for constant overflow from one
or both cells. Wter is drawmn fromthe pond cells at the 0.6
m (2 ft) depth.

The nornmal operating sequence for the system has been series
flow through the two cells when the pond is not ice covered,
with a constant overflow fromthe second cell in series to
the infiltration basin. During the winter when the pond
cells are ice covered, operation is switched to parallel to
spread the incomng | oad over the maxi num surface area. This
results in a shorter recovery period in the spring when the
ice cover nelts and the cells go fromthe anaerobic to the
aerobic state. There is normally sone overflow to the
infiltration basin during the winter. At the design flow,
the net early overflow to the infiltration basin would be
29,300 n? (7,444,000 gal).

The two pond cells are followed by a single RI basin. To
t ake advantage of the higher perneability of the- underlying
soil materials, the top 0.9 m (3 ft) of Rl basin soil was
stripped during basin construction. However, the design
hydraulic loading rate was limted to 5.0 myr (16.4 ft/yr)
to sinplify basin operation. A basin area of 0.6 ha (1.4
acres) was necessary to allow the design | oading rate at the
design pond overflow rate. Follow ng construction, the basin
was seeded with a mxture of Reed canarygrass and bronegrass.
A grass cover has been maintained to help preserve the soil*s
perneability.

Currently, the average influent flow is approximately half
the design flow (Table 7-9) and the net overflow to the
infiltration basin averages 5,150 m¥/yr (1,360,000 gal/yr).
The resulting hydraulic loading rate is 0.9 myr (2.9 ft/yr).
However, during periods of heavy infiltration into the
collection system the average daily flowto the RI basin is
1,375 n¥/d (350,000 gal/d). This results in a periodic
hydraulic loading rate of 22.6 cmd (8.9 in./d), or 82.5 myr
(271 ft/yr) expressed as an annual rate. Al t hough this
tenporary rate is well below the neasured soil perneability
of at least 51 cmh (20 in./h), it exceeds the recomended
| oadi ng shown in Figure 7-2 sonmewhat.
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TABLE 7-9
WASTEWATER FLOWS TO CHAPVMAN Rl SYSTEM

n¥/ d
Monthly flows
Year Avg daily flow Minimum Maximum
1974
Jan-Jun 870.6 292 1,341
Jul-Dec 63.0 55.1 79.0
1976 65.5 58.7 82.1
1977 65.9 60.2 78.3
19792 86.3 71.9 132.1

a. During the months of May, June, and July,
flows werg above normal and were in the
122-132 m°/d range. This corresponded to
a period of high ground water elevations.

Al t hough the design and actual average hydraulic | oading
rates are considerably |lower than the range of 50 to 60 in/yr
(165 to 200 ft/yr) recommended in Figure 7-2, the use of a
| oner rate was advant ageous for several reasons, including:

A grass cover can be maintained in the bottom of
the basin to help preserve soil perneabiity.

The treatnment facility is able to treat peak
wast ewater flows that greatly exceed design average
flows.

7.4.3.7 Ground Water Quality

Since high ground water levels are typical of the area in
which the treatnent facility is |ocated, the performance of
the facility in terns of possible ground water contam nation
is an inportant consideration. The pond has been in
operation for 15 years, so there has been adequate tine for
possi ble water quality changes caused by pond operation to
have been detected. The data indicate that the facility has
not caused increased ground water levels of nitrates or
chlorides that could be associated wth wastewater
di schar ges.

7.4.3.8 Costs and Staffing
The total cost for constructing the collection system and

treatnent ponds in 1965 was $110,958. The treatnment facility
portion of the total anmounted to $40, 520.
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The entire system has been operated by one part-tine operator
whose duties include mai ntenance of three punping stations in
the collection system and operation and mai ntenance at the
pond site. Wrk at the treatnment facilities consists of
operating val ves, nmowi ng, weed control around the edge of the
water in the pond cells and in the R basin, and maintenance
of access road and fences. Since there is no surface
di scharge of effluent fromthe facility, |aboratory testing
of water quality has not been required.

7.4.4 Overl and Fl ow
7.4.4.1 | nt roducti on

A small, full-scale OF system is operating at Carbondal e,
IIlinois, treating pond effluent. The wastewater is donestic
in nature and generated at the 54 unit Cedar Lane Trailer
Court. The population of 135 has been relatively stable
since construction in the 1950s. Wastewater flowis 38 n¥/d
(10, 000 gal /d).

Prior to 1976, wastewater was treated using a septic tank
followed by a 0.28 ha (0.7 acre) stabilization pond and
surface water discharge. Effluent fromthe pond did not neet
II'linois intermttent stream requirenents, which include a
1.5 ng/L ammonia nitrogen limt on the discharge. An
upgradi ng of the treatnent, therefore, was required.

7.4.4.2 Site Characteristics

The terrain is rolling and the grass covered site, which is
near the pond, has slopes ranging from7 to 12% The soil is
fine granular glaciated material with |low perneability. A
section of the slope 10 m(30 ft) wide and 60 m (200 ft) |ong
(downsl ope) was used.

7.4.4.3 Treatnment Facility Design

The hydraulic loading rate is 44 cmiwk (17.3 in./wk), which
is higher than recomended in Figure 7-2. The first 30 m
(100 ft) of slope is at 7% grade and the last 30 mis at 12%
The pond effluent is punped to the top of the slope and
applied uniformy across the top of the slope via a 10 cm (4
in.) perforated pipe. The predom nant grass on the slope is
tall fescue. The systemwas constructed by Southern Illinois
Uni versity and used for several years as a research facility.
No storage is provided other than the existing stabilization
pond [ 3].
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7.4.4. 4 Oper ati on

During 1976 and 1977, application rates varied fromO0.29 to
0.57 nf/mh (24 to 42 gal/ft-h). The application period
varied from4 to 24 h/d. A typical application period was 9
h/d. Runoff fromthe slopes accounted for over 80% of the
appl i ed wastewater. Erosion was not a problem

7.4.4.5 Per f or mance

The treatnment performance of the OF system was nonitored
relatively intensely in the fall of 1976. The results are
presented in Table 7-10.

TABLE 7-10
TREATMENT PERFORMANCE OF CARBONDALE OF SYSTEM [ 4]
ng/ L except as noted

Constituent Applied wastewater Treated runoff
BOD 30-110 4-7
Ss 20-60 4-7
Phosphorus, total 3-4 0.2-0.5
Ammonia nitrogen 20-40 0.1-1.5

Fecal coliforms,
colonies/100 mL 35,000 600-2,500

In 1977 when application rates and daily application periods
were increased, the treatnent performance declined. For
exanpl e, when application tines of 24 h/d were used, renoval
of ammoni a dropped off significantly. The runoff after 60 m
(200 ft), however, contained less than 1 ng/L amoni a when
application periods were 12 h/d or |ess.
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