APPENDI X A
SLOW RATE DESI GN EXAMPLE

Al | nt roducti on

This design exanple is presented to illustrate the procedures
described in Chapter 4 for the prelimnary design of slow
rate (SR) systens. The exanple is detailed enough to all ow
cost conparison with other alternatives. The focus of this
exanple is on determning the major design variables in | and
treatnent systens including crop selection, hydraulic |oading
rate, land area requirenents, storage requirenents, and
application nethod. Supplenental conponents such as punpi ng
and headwor ks requirenents are discussed briefly and |isted
for cost conparison purposes.

A 2 St at enent of Probl em
A. 2.1 Background

Cty Ais located in central Mssouri in an area charac-
terized by fertile soils and intensive farmng. Rainfall is
nore plentiful than is needed for nost crops, but is distri-
but ed unevenly during the year. Supplenental irrigation is
beneficial to nost crops in summer.

The existing wastewater treatnment facility consists of a
single stage trickling filter with anaerobic digestion and
sl udge drying beds. The facility is in poor structura
condition and wunable to neet present NPDES permt
requirenents.

A. 2.2 Popul ati on and Wast ewat er Characteristics

Popul ati on and wastewater characteristics are presented in
Table A-l. Industrial flows are expected to be nontoxic and
bi odegr adabl e.

A. 2.3 Discharge Requirenments

Surface discharge of wastewater is prohibited for streans in
the area, and the ground water aquifer is used as a drinking
wat er source so drinking water quality will be expected at
the project boundary.



TABLE A- |
POPULATI ON AND WASTEWATER CHARACTERI STI CS

Design year 2005
Population 18,900

Average annual flow, m3/d

Industrial 416
Municipal 7,154
Total 7,570
Maximum monthly avg flow, m3/d 9,085
Infiltration into sewers None

(nonexcessive)

Wastewater strength, mg/L

BODj 200
SS 200
Total nitrogen, mg/L (as N) 38
Total phosphorus, mg/L (as P) 8

A.2.4 Site Characteristics

The proposed site for the treatnent facility is shown in
Figure A-l. The site was chosen because of its isolation
from popul ation centers, its |location downwi nd fromthe city,
and the availability of flat, well-drained soils in the area.
According to an old SCS map, shown in Figure A-l, Bosket fine
sandy | oam dom nates the treatnent site and Cooter silty clay
dom nates the treatnent pond site. Both areas have 0 to 1%
sl ope.

A.2.5 dimte

The area is subject to frequent changes in weather with no
prol onged periods of very cold or very hot weather. The |ast
freeze is usually in late March and the first freeze in early
Novenber .

Climatic data, obtained from the National GCceanic and
At nrospheric Adm nistration*s Cimatography of the United
States, are shown in Table A-2 for the nearest United States
No. 20 recording station to Gty A The data represent the
worst year in 5 for nonthly average precipitation and
t enper at ur e.



TABLE A-2
CLI MATI C DATA FOR THE WORST YEAR IN 5

PROPOSED TREATMENT
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Depth to
Predominant Map seasonal high Depth from Permeability,
soil series symbol water table, m surface, cm Dominant USDA texture cm/h
Bosket BtA, >1.5 0-64 Fine sandy loam © 5-15
BtB 64-147 Clay loam and sandy clay loam 1.5-5
147-198 Fine sandy loam and sand 5-15
Broseley ByA, >1.5 0-94 Loamy fine -and 15-51
ByC 94-160 Fine sandy loam 5-15
160-190 Loamy fine sand 15-51
Canalou ca 0.6-0.9 0-51 Loamy sand 15-51
51-122 Sandy loam 15-51
122-160 Sand 15-51
Cooter Co 0.6-0.9 0-38 Silty clay 0.15-0.5
38-152 Loamy sand and sand 15-51
Crevasse CsB >1.0 0-25 Loamy sand 15-51
25-152 Sand 15-51
Gideon G4, 0-0.3 0-114 Loam 1.5-5
Ge 114-173 Clay loam 1.5-5
Lilbourn Lb 0-0.5 0-94 Fine sandy loam 5-15
Sikeston St 0-0.3 0-30 Sandy clay loam 1.5-5

FIGURE A-1
SOILS MAP



TABLE A-2
CLI MATI C DATA FOR THE WORST YEAR IN 5

Temperature °C Daﬁza:ith Total
Mean daily, temperature, precipitation,
Month Mean minimum <-4 °C cm
Jan -0.7 -6.6 20 10.1
Feb -0.9 -8.1 15 10.4
Mar 1.3 -5.6 12 15.1
Apr 12.7 4.6 0 15.8
May 16.7 8.3 0 17.4
Jun 21.1 13.9 0 14.2
Jul 24.1 16.7 0 14.0
Aug 24.4 15.9 0 12.2
Sep 19.8 9.6 0 14.7
Ooct 11.9 0.2 4 9.9
Nov 4.6 -3.1 12 14.8
Dec -0.1 -6.6 17 13.0
Annual 80 162

A 3 Sl ow Rate System Sel ection

The selection of the type of land treatnent process is dic-
tated by site conditions, climate, and regul atory require-
ments. In the case of City A the prohibition of surface
di scharge elimnated overland flow from consideration. The
[imt of 10 ng/L nitrate in the ground water, coupled with
the high ground water table, elimnated rapid infiltration as
an alternative. The SR process appeared feasible based on
| and availability, soil perneability, and climate.

A.3.1 Preapplication Treatnent

The existing treatnment facilities cannot be used for pre-
application treatnent wthout extensive rehabilitation.
Consequently, treatnent prior to |and application is to be
provi ded by a series of treatnent/storage ponds. The prinmary

cell is designed according to state standards: BOD | oadi ng
equals 38.1 kg/ha-d (34 Ib/acre-d) with an operating depth of
1.0 m The secondary cell is designed for storage.



A 3.2 Crop Selection

As discussed in Section 4.3, the crop selected for the SR
process depends on whet her the objective is crop production
for revenue or mnimzation of land area by maxim zing
hydraul i ¢ | oadi ng rates. For Gty A the objective is to
mnimze |and area. Based on the selection criteria in
Chapter 4 and conversations with the local farmadvisor, Gty
A chose to evaluate water tolerant forage grasses and
deci duous forest as two possible crops in an SR system The
proposed site shown in Figure A-l would be used for either
crop.

A 4 Syst em Desi gn

A 4.1 Forage Crop Alternative
Mnimzing | and area requires the use of the maxi mum al | ow
able hydraulic loading rate which is governed either by soi
perneability or nitrogen | oading. Once the hydraulic |oading
rate is determned, field area and storage requirenment are
obt ai ned.

A 4.1.1 Hydraulic Loading Based on Soil
Pernmeability

The general water bal ance equation is used to determ ne the

al l omwabl e hydraulic |oading based on soil perneability
(Section 4.5.1) and is shown as:

L, = ET - Pr + P, (4-3)

where Lw = wastewater hydraulic loading rate, cmunit tinme

ET = evapotranspiration rate, cnmlunit tine

Pr = precipitation rate, cnmfunit tinme

P, = percolation rate, cmunit tine
The conputation is performed on a nonthly basis in the form
of a water bal ance table shown in Table A-3. The procedure
follows that presented in Section 4.5.1 and is outlined
bel ow

1. Design precipitation for each nonth is based on a 5-

year return period and is obtained fromclimatic data
(Table A-2). The frequency analysis is perfornmed
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according to standard procedures avail able in nost
hydrol ogy texts or reference books. The precipitation
val ues are entered in Colum (1).

Esti mated nonthly evapotranspiration (ET) val ues for
the forage grass are obtained from the |oca
Cooperative Extension Service and are entered in
Col um (2).

The net ET for each nonth is determ ned by subtraction
of Colum (1) from Colum (2).

The maxi mum desi gn percolation rate i s based on 4% of
the mninumperneability in the soil profile--1.5 cmh

0.6 in./h). A value of 4% is used because it is
necessary to be conservative for prelimnary design
Further optimzation wll be possible during fina

design. The limting perneability is 1.5 cmih in the
clay loamlayer at 64 cm (25 in.) in the Bosket soils
(Figure A-1). The maximumdaily percolation rate is
conputed as foll ows:

P, (daily) cni h) (24 h/ d)

O 4 (1.5
1.44 cm d
The nmonthly rate is then determned by nultiplying the
daily rate by the nunber of operating days during the

month. Sonme nonths nmay have nonoperati ng days due to
farm ng operations or cold weather.

G een chop harvesting is planned for this system such

that downtine for harvesting wll not be necessary.
Qperation will stop on days when the nean tenperature
is less than -4 °C (25 °F). Based on the climatic

data in Table A-2, nonoperating days due to cold
weat her are expected during the nonths of Cctober
t hrough March

For exanple, in January, the design percolation rate
is:

Qperating days = 31 —20 = 11 d
P, (Jan) = (1.44 cm d) (Il d/no)
= 15.8 cm no

The design percolation rate for each nonth is entered
in Colum (4).



5. The allowabl e hydraulic |oading rate for each nonth is
conputed by adding Colum (3) and Columm (4). The
annual hydraulic loading rate is conputed by sunm ng
the nonthly rates and equals 326 cm (128 in.).

TABLE A-3
HYDRAULI C LOADI NG RATES BASED ON SO L
PERVEABI LI TY: FORAGE CROP ALTERNATI VE

cm
(1) (2) (3) (4) (5)
Evapo- Hydraulic Loading

Precipitation transpiration ET - Pr Percolation Ly (P)

Month Pr ET (2)-(1) Py (3)+(4)
Jan 10.1 0.3 -9.8 15.8 6.0
Feb 10.4 0.7 -9.7 18.7 9.0
Mar 15.1 2.1 -13.0 27.4 14.4
Apr 15.8 5.6 -10.2 43.2 33.0
May 17.4 9.7 =7.7 44.6 36.9
Jun 14.3 13.4 -0.9 43,2 42.3
Jul 14,1 15.7 1.6 44.6 46.2
Aug 12.3 13.9 1.6 44.6 46.2
Sep 14.7 8.9 -5.8 43.2 37.4
Oct 9.9 5.0 -4.9 38.9 34.0
Nov 14.8 1.8 -13.0 25.9 12.9
Dec 13.0 0.6 -12.4 _20.2 7.8

Annual 162 78 -84 410 326

A.4.1.2 Hydraulic Loading Based on N trogen
Loadi ng

The annual hydraulic loading rate based on nitrogen is
determ ned by using equation 4-4, shown bel ow

Ly(n) = (Cu) (Pr - ET) + (U)(10) (4-4)
(1 - £)(Cy) - Cp
where Ly, = al | onabl e annual hydraulic |loading rate

based on nitrogen limts, cm



G = percol ate nitrogen concentration, ng/L

Pr = design precipitation, cmyr

ET = evapotranspiration rate, cnlyr

u = crop nitrogen uptake, kg/ha-yr

f = fraction of applied nitrogen renoved by
vol atilization, denitrification, and storage

C = ap?Lied wast ewat er nitrogen concentration
ngy

The conputati on was performed using annual rates according to
the procedure presented in Section 4.5.2 and is outlined as
fol |l ows:
1. Determ ne paraneter values for Equation 4-4.
a. Crop uptake (U
U = 224 kg/ha-yr (from Table 4-11)

b. Volatilization + denitrification + storage
(V+ D+ Y9

f = 0.2 (estimated, Section 4.2.2)
c. Applied nitrogen concentration (GC)
Conpute reduction in nitrogen concentration during
storage based on a 53 day storage period which is
t he m ni mum detention tinme in t he
treatnent/storage ponds (Table A-7).
c:n - (38 n-g/ L)e -0.0075(53)
= 26 ng/L
d. Percolate nitrogen concentration (GC)
G = 10 nmy/L (required)
2. Solve Equation 4-4.

_10(84) + 224(10)
Iw(n) = {1 = 0.2)(26) - 10

285 cmyr (112 in./yr)
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A.4.1.3 Design Hydraulic Loading Rate

As shown in Sections A 4.1.1 and A 4.1.2, the allowable
annual hydraulic |oading rate based on soil perneability is
326 cm (128 in.) and the rate based on nitrogen limts is 285
cm (112 in.). Since nitrogen loading limts the hydraulic
loading rate in this exanple, the allowabl e hydraulic |oading
rate is determ ned by conparing nonthly Lw(p) and Lw (n).

Mont hly hydraulic |oading rates based on nitrogen limts are
determ ned using Equation 4-4 with nonthly values for Pr and
ET obtained from Table A-3. Sufficient data on nitrogen
upt ake versus tine for forage crops were not avail able, re-
quiring nonthly values for Uto be estimated fromthe ratio
of nmonthly ET to the total growi ng season ET nultiplied by
t he annual crop uptake value (Table A-4, Colum 2).

TABLE A-4
DESI GN HYDRAULI C LOADI NG RATE
(1) (2) (3) (4 (35
Pr-ET, u, Lw(n)» Lw(P). Design L,

Month cm kg/ha cm cm cm
Jan 9.8 0.9 9.9 6.0 6.0
Feb 9.7 2.0 10.8 9.0 9.0
Mar 13.0 6.1 17.7 14.4 14.4
Apr 10.2 16.1 24 .4 33.0 24.4
May 7.7 28.0 33.0 36.9 33.0
Jun 0.9 38.5 36.5 42.3 36.5
Jul -1.6 45.3 40.5 46.2 40.5
Aug ~-1.6 40.1 35.6 46.2 35.6
Sep 5.8 25.7 29.2 37.4 29.2
Oct 4.9 14.4 17.9 34.0 17.9
Nov 13.0 5.2 16.9 12.9 12.9
Dec 12.4 1.7 13.1 7.8 7.8

Annual 267




The nmonthly values of L,, and Ly, are conpared with the
| ower val ue used for the nonthly design hydraulic rate (Table
A-4, Colum 5). Summ ng the design nonthly hydraulic | oading
rate gives the design annual hydraulic |oading rate, 267 cm
(105 in.).

A 4.1.4 Field Area Requirenents

The design annual hydraulic |oading rate is used to determ ne
the field area requirenent:

- Q(365) + AV, -
a, =2 > (4-6)
10° (L)
where A, = field area, ha
Q = average daily flow, m/d
AV = net gain or loss in stored wastewater vol une
due to precipitation, evaporation, and
seepage at storage pond, n¥/yr
L, = desi gn annual hydraulic loading rate, myr

For the first calculation of field area, aV, is assunmed zero
(see Section A 4.1.6) and the field area is cal cul ated as:

7,570 m3/d (365 d/¥r) _ 103.4 ha

A =
(104m2/ha)(2.67 m/yr)

w

A.4.1.5 Storage Requirenents

Storage of wastewater is required for periods when avail abl e
wast ewat er exceeds design hydraulic loading rate. A water
bal ance conputation is wused to estimte the storage
requi renment. The procedure is outlined as foll ows:

1. Enter the design nonthly loading rates from Table A-4
(Colum 5) into Table A-5, Colum 1.

2. Determ ne avail abl e wastewater for each nonth.

W, = 9(D)(0.01)
A

w

where W = nonthly avail abl e wastewater, cnfno
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Q = average daily flow, n¥d

D

days per nonth
A, = field area, ha

The average daily flow is assunmed constant. For
exanpl e the nonthly wastewater available for June is:

3
W = (7,570 m3/d) (30 d/mo) (0.01)
a June ’ 103.4 ha

=22.0 cm np

The nmont hly val ues of avail abl e wastewater are entered
in Colum (2) of Table A-5.

TABLE A-5
STORAGE VOLUVME DETERM NATI ON:
FORAGE CROP ALTERNATI VE

cm
(1) (2) (3) (4)

Hydraulic Wastewater Change in Cumulative

loading, available, storage, storage,
Month Ly, Wa (2)-(1) S¢
Sep 29.2 22.0 =7.2 0.22
Oct 17.9 22.7 4.8 4.8
Nov 12.9 22.0 3.1 13.9
Dec 7.8 22.7 14.9 28.8
Jan 6.0 22.7 16.7 45.5
Feb 9.0 20.5 11.5 57.0
Mar 14.4 22.7 8.3 65.3
Apr 24.4 22.0 -2.4 62.9
May 33.0 22.7 ~-10.3 52.6
Jun 36.5 22.0 -14.5 38.1
Jul 40.5 22.7 -17.8 20.3
Aug 35.6 22.7 -12.9 7.4

a. Rounding error, assume zeroc.
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3. Conpute the change in storage each nonth by sub-
tracting hydraulic loading [Colum (1)] fromavail abl e
wastewater [Columm (2)]. Enter the results in Col umm

(3).
4. Conpute the cumul ative change in storage in the end of
each nonth by adding the change in storage in Colum

(3) to the accumul ated quantity from the previous
month in Colum (4).

5. Conmpute the required total storage volune using the

maxi mum cunul ative storage in Colum (4) and the
estimated field area:

Ve = SA
(65.3 ¢cm (103.4 ha) (10?2 m¥/ cm ha)
675,200 m

A.4.1.6 Final Storage and Pond Design

The facultative pond for preapplication treatnment serves as
t he storage reservoir. A two-cell pond systemis selected
with the design criteria of the primary cell based on the
state*s BOD loading criteria of 38.1 kg BODha-d (34
| b/acre-d) and an operating depth of 1.0 m

A, = area (primary)

= (7570 n¥/d) (200 ng/L) (10°° kg/nmg) (10° L/n¥)
38.1 kg/ha-d

= 39.7 use 40 ha
V, = volune (primary)
= (40 ha) (10* nt/ha) (1.0 m
= 400, 000 n¥
The storage volune in the second cell is the difference

between the required total storage and the volune of the
primary cell

Vsec = Vs -V,
= 675,200 - 400, 000
= 275,200 n?
The actual volune of the secondary pond will change due to

evaporation, precipitation and seepage in the tw cell pond
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area. To obtain the final storage volune the follow ng steps
are used.

1. Calculate the storage area of the second cell using a
vol une of 275,200 n? and an operating depth of 1.5 m

A = Vsec (4-8)

secC —d_s—
_ 275,200

1.5

2

183,500 m use 18 ha

2. Determne the nonthly net gain or loss in storage
vol une due to precipitation, evaporation, and seep-
age (Table A-6, Colum 3). Annual | ake evaporation
equals 89 cm (33 in.) and is distributed nonthly in
the sane ratios of nonthly ET to annual ET. A
maxi mum seepage rate of 0.15 cnmd is all owed by
state standard. As an exanple, the net gain or |oss
for July is:

AV (Precipitation - evaporation - seepage)

SJuly
(surface area)

]

b

[(102 m/cm) (104 m2/ha)]

-49,300 m3

3. Tabul ate the vol unme of wastewater avail abl e each
month, In this exanple, the daily flowis assuned
constant and nonthly flows vary according to the
nunber of days per nonth (Table A-6, Colum 4).

3
7,570 d)(31 d
QmJuly ( m=/d) ( )

= 234.7 x 103 m3/mo
4. Determne the adjusted field area accounting for the
net gain from storage.

A,' = LAVg + 10y (4-10)
(L) (104 m2/ha)
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(108.0 + 2,763.3)(103 m3)

2.67 m (10%)

107.5 ha (266 acres)

TABLE A-6
FI NAL DETERM NATI ON OF STORAGE VOLUME

(L) (2} (3) (4) (5) (6) (7)
Available Applied Cumulative
) Net gain/loss wastewater wastewater Change in storage
Month Evapog:txon, Seeg;qe, m3 iv§03 mJQ‘)'(“lO3 m3V;(”103 mgt:rigg m35§,103
Sep 10.2 4.5 0 227.1 313.9 -86.8 85.7
Oct 5.7 4.6 -2.3 234.7 192.4 40.0 -1.12
Nov 2.1 4.5 47.6 227.1 138.7 136.0 40.0
Dec 0.7 4,6 44.7 234.7 83.8 195.6 176.0
Jan 0.3 4.6 30.2 234.7 64.5 200.4 371.6
Feb 0.8 4.2 31.3 212.0 96.8 146.5 572.0
Mar 2.4 4.6 47.0 234.7 154.8 126.9 718.5
Apr 6.4 4.5 28.4 227.1 262.13 -6.8 345.4P
May 11.1 4,6 9.9 234.7 354.7 -110.0 838.6
Jun 15.3 4.5 -31.9 227.1 392.4 -197.2 728.5
Jul 18.0 4.6 -49.3 234.7 435.4 -250.0 531.3
Aug 15.9 4.6 -47.6 234.7 382.7 -195.6 281.3
Annual 108.0 2,763.3 2,872.4

a.
b.

Rounding error, assume zera.

Design storage volume

5. Calculate the nonthly volunme of

appl i ed wastewater

(Table A-6, Colum 5) wusing the design nonthly

hydraulic |l oading rate and adjusted field area. For

exanpl e:

v _ (@, )@, "0 n®/ha) (1072 miem)  (4-11)
WJuly July

(40.5 cm)(107.5 ha)(102)

435.4 x 103 m3

A-14



6. Determne the net change in storage each nonth (Table
A-6, Columm 6) based on nonthly applied wastewater
V,, available wastewater, Q,, and net storage
gai n/l oss, aV.

Change in storage = Q, + aV, - V,

7. Calculate the cunul ative storage vol une for the end of
each nmonth (Colum 7) to determ ne the maxi nrum design
st orage vol une.

V, = 845, 400 n¥

8. Adjust the depth of the second cell to accommodate the
i ncreased storage vol une.

Veee = 845,400 - 400, 000 = 445, 400

v 3
d - 'sec _ 445,400 m (4-12)

2
Agoc 180,000 m

= 2.47 m use 2.5 m

The depth of ground water prevents |lowering the depth of the
pond nore than 1.5 m (5 ft) below the ground surface. Con-
sequently, nost of the storage pond volunme will be above
ground surface and require enbanknents. The design criteria
for the storage | agoons are shown in Table A-7.

TABLE A-7
DESI GN CRI TERI A FOR STORACGE LAGOONS
FORAGE CROP ALTERNATI VE

Primary cell

Surface area, ha 40.0
Total depth, m 1.5
Operating depth, m 1.0
Total storage, d 79
Storage above 0.5 m, d 53
Secondary cell
Surface area, ha 18.0
Total depth, m 3.0
Operating depth, m 2.5
Total storage at 2.5 m, d 59
Total storage at operating depth
Days 112
m3 850,000
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A 4.1.7 Distribution and Application

When selecting the type of distribution system the designer
must consider the terrain, crop, soils, and capital and
oper ati on/ mai nt enance costs. Based on a cost conparison not
included in the exanple, the designer recormmended a center
pivot irrigation systemas the nost cost-effective systemfor
the forage crop alternative.

The design of the distribution systemis based on the maxi num
hydraulic |loading rate per application. |In this case, the
maxi mum nont hly | oading equals 40.5 cm (15.9 in.) in July.
An application frequency of four tinmes per nonth is sel ected
to all ow adequate drying between applications (see Appendi X
E for guidelines on making this determnation). The
hydraulic |loading rate per application then equals 10.1 cm
(4.0 in.).

In consultation with manufacturers of center pivot equi pnent,
it was determned that two center pivot systens coul d be used
for distribution each irrigating an area of 53.8 ha and using
a revolution period of 170 hours. The unit capacity is then
determ ned as follows (Section E. 2.6):

Q= CAD/'t

_ 28.1 (53.8)(10.1)
170

89.8 L/s

where Q = discharge capacity, L/s (gal/mm
= constant, 28.1 (453)

field area for one center pivot, ha (acre)

o >» 0O
I

= hydraulic | oading/application depth, cm(in.)

—
I

nunber of operating hours per application

Using the unit capacity, the design of the center pivot
systemis conpleted. In order to determ ne the nozzle and
pi peline size, the design nmust consider headl osses in the
line and the pressure required to ensure proper operation of
the nozzl es.

Unit capacity also is used to develop design criteria for the

punps. Punps are required to deliver wastewater to the site
and at a pressure sufficient to allow proper distribution of
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the wastewater. Assuming the two pivots operate
si mul taneously, the punps are sized for a total flow of 179.6
L/s. The designer chose four punps and one standby rated at
45 L/s. The force main is sized using a maxi mum vel ocity of
1.7 mls and the foll ow ng fornul a:

A=Q/V
where A
Q

V = maxi num vel ocity

area of pipe

total flow

For circul ar pipes:

where D = pipe dianeter

Appl yi ng the equation gives:

-3 .3

180.L/s) (10 m~/L) (4)

D=( /5) / — = 0.37 m, use 0.38 m
1.7 m/s T

A final consideration in the design of the center pivot
systemis the disruption of the tracking system due to wet
soil conditions. Because of the pivot rotational speed, the
application rate at the unit capacity equals 1.0 cni h during
the 9 to 10 h period it takes to pass a given point.
Al though this rate is less than the perneability or basic
infiltration rate of the surface soil, precautions need to be
t aken. These precautions include preparing the tracking
route by either soil conpaction or gravel installation.

A summary of design data for the treatnent site is given in
Table A-8. Figure A-2 shows the pond and distribution system
| ayout .

A 4.1.8 Cost Estimates

Cost estimates of the forage crop irrigation system are
determned from EPA publication *“Cost of Land Treatnent
Systens” EPA-430/9-75-003, using the criteria shown in Table
A- 9. Cost estimate calculations and total costs are
presented in Tables A-10 and A-11, respectively.

A-17



[ — ===

60r o00€ o00Z O0OQI

SNIQTINE NOILYYLSININOY

HO1dIJYIINI =

JAILYNY3LTV d0HI 39VHO04 - LNOAVT W3ILSAS
-V 3¥N914

°
S173M INIYOLINON
NILSAS NOILVSINYI
10ALd ¥ILINID
°
AMVONNOE 3L11S °
x
az
W
[+] 7‘
HILINVIO wee 0 'NIVYN 3404
o
NOILLIVLS
hg—— INI 4NN
1729
ANYONOIIS
) §

.ﬂ-zu:—<u¢—
IVALRLIRELY

7130 ANVYNINd
AYYONNOS 3L1IS

A-18



TABLE A-8

SLOW RATE SYSTEM DESI GN DATA:

FORAGE CROP ALTERNATI VE

Irrigation system

Annual hydraulic loading rate, cm
Field area, ha

Buffer, m

Application freguency, No./mo

Maximum hydraulic loading per application, cm

Application equipment, No. of center pivots
Lateral length, m

Operating pressure, N/cmz

Field dimensions with buffer zone, m x m
Total area, ha

Pumping station

Duty pumps, No. at m3/min
Standby pumps, No. at m3/min
Pumping time (peak flow)

h/d

d/wk

h/wk

Force main

Velocity, m/s
Average
Maximum
Pipe diameter, m
Maximum headloss, m/1,000 m

267

107.5

15

4

10.1

2

408

34.5

1,662 x 846
140.6

TABLE A-9

COST ESTI MATE CRI TERI A:
FORAGE CROP ALTERNATI VE?

Circulation date

Sewage treatment plant index update, 370.1/177.5§

Sewer index update, 397.2/194.2

Operation and maintenance update, 2.13/1.00
Construction cost locality factor

Operation and maintenance/labor cost factor
Power cost locality factor

Interest rate, i

Interest period, n

Present worth factor, PWF

Capital recovery factor, CRF

October 1980
2.085

2.045

2.13

1.0

1.0
1.0
7.125%
20
0.2525
0.0953

a. Based on "Cost of Land Treatment Systems,"
EPA-430/9-75-003.
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TABLE A-10
COST ESTI MATE CALCULATI ONS:
FORAGE CROP ALTERNATI VE

10.

11.

12.

13.

Preliminary treatment

Capital ($48,000 x 2.085)
Operation and maintenance ($9,400 x 2.13)

Treatment
Capital
Primary cell ($150,000 x 1.7 x 2.085)
Asphalt liner ($352,000 x 2.085)
Operation and maintenance ($10,000 x 2.13)
Pumping to application site
Peak flow = 180 L/s
Avg flow = 135 L/s
Capital ($210,000 x 2.085 x 0.80)
Operation and maintenance ($26,100 x 2.13)
Force main (2.6 km: 0.38 m)
Capital ($162,100 x 2.045)
Operation and maintenance ($400 x 2.13)
Storage (D = 59d, depth = 3.0 m)
Capital ($447,000 x 2.045)
Operation and maintenance ($2,400 x 2.13)
Field preparation

Pond area (58 ha x 1.25 = 72.5 ha, brushes and trees)
Capital ($80,000 x 2.045)

Application site (53.8 ha x 2 = 107.6 ha, pasture)
Capital ($1,700 x 2.045)

Distribution, center pivots (107.6 ha)
Capital ($135,000 x 2.045)
Operation and maintenance ($18,400 x 2.13)
Administrative and laboratory

Capital ($64,000 x 2.045)
Operation and maintenance ($10,200 x 2.13)

Monitoring wells (six wells at 12 m depth)
Capital ($4,800 x 2.045)
Operation and maintenance ($600 x 2.13)
Roads and fences (application site, 140.6 ha)
Capital ($102,000 x 2.045)
Operation and maintenance ($2,700 x 2.13)
Planting and harvesting

Operation and maintenance
Variable costs ($319/ha x 107.5 ha)
Fixed costs ($247/ha x 107.5 ha)

Annual crop revenue
107.5 ha x 15.6 tons/ha x $42/ton

Land costs

Pond area (72.5 ha x $2,000/ha)
Application area (140.6 ha x $3,700/ha)

$100,100
20,000

$531,700
733,900
21,300

$350,300
55,600

$331,500
900

$914,100
5,100

$163,600

3,500

$276,100
39,200

$130,900
21,700

$ 9,800
1,300

$208,600
5,800

$ 34,300
26,600

$ 70,400

$145,000
520,200
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TABLE A-11
SUMVARY OF COSTS: FORAGE CROP ALTERNATI VE

Operation and

Component Capital Salvagea maintenance
Preliminary treatment $ 100,100 $ 20,000 $ 20,000
Treatment/storage ponds 2,179,700 1,089,800 26,400
Pumping 350,300 42,000 55,600
Force main 331,500 165,800 900
Site clearing 167,100 0 0
Distribution 276,100 0 39,200
Administration building 130,900 26,200 21,700
Monitoring 9,800 0 1,300
Roads and fences 208,600 68,200 5,800
Planting and harvesting - - 60,900
Crop revenue - -— -70,400

Total construction $3,754,100 $1,412,000 $ 161,400
Engineering, contingencies,
overhead, etc. 938,500 0 0
Land 665,200 1,201,400 0
Total project $5,357,800 $2,613,400 $ 161,400
Present worth -659,000 1,693,600
Total present worth $6,392,400
Equivalent annual costb s 609,200

a. Salvage values are determined by straight line depreciation

over the useful life of the components,
planning period P = 20 yr;
(initial cost) = 0.5(2,179,700)

present worth x 0.0953.

ponds N =
F = (1 - P/N)

b. Equivalent annual cost =

40 yr;
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A 4.2 Deciduous Forest Crop Alternative

As in the forage crop design, the selection of the maxi mum
al l owabl e hydraulic | oading for the forest crop alternative
mnimzes the required |and area. In the Gty A region,
deci duous trees, in particular poplar, grow well. The poplar
is a fast-growing tree and a pul p wood nar ket exi sts.

A 4.2.1 Hydraulic Loadi ng Based on Soi
Pernmeability

The nonthly water bal ance cal cul ations are determned as in
the forage crop water balance. The grow ng season for the
deci duous tree selected |asts 214 days based on an average
mean tenperature of 10 °C (50 °F). Evaporation from the
forest during the grow ng season is assuned to equal that
froma full cover pastureland. No evaporation is assuned for
t he nongrowi ng season; wastewater applied during this tine is
l[imted by precipitation and percol ation. Because the site
is the same for both forage and forest alternative, the
design percolation rate is the sane. Applying these
assunptions to the water bal ance Equation 4-3 results in a
maxi mum hydraul i ¢ | oading of 321 ¢cm (126 in.) and a maxi mum
monthly | oading of 46.2 cm (18.2 in.).

A 4.2.2 Hydraulic Loading Based on N trogen
Loadi ng

Equation 4-4 is used to determne the hydraulic | oadings
based on nitrogen |loading as in the forage crop alternative
(Section A 4.1.2). No crop growmh or nitrogen uptake was
assunmed for the nonths of Decenber through March. Using a
whol e-tree harvest approach, the total annual nitrogen uptake
is assuned to equal 200 kg/ha (178 |b/acre) (see Section
4.3.2.1). Based on these assunptions, the annual hydraulic
| oadi ng equals 268 cm (105.5 in.).

A . 4.2.3 Design Hydraulic Loading Rate

As in the forage crop alternative, nitrogen loading limts
the hydraulic loading rate. Design nonthly hydraulic | oading
rates are determined by conparing the nonthly hydraulic
| oadi ng rates based on soil perneability and nitrogen | oading
and using the |ower val ue. Based on this conparison the
desi gn annual hydraulic loading rate is 254 ¢cm (100 in.).
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A 4.2.4 Field Area Requirenents

Appl yi ng Equation 4-6 and assumi ng the net gain/loss from
storage, aV,, is zero, the initial field area is:

3
A, = (7,572 m-/d) (365 4/¥r) . 108.8 ha
(10% m2/ha)(2.54 m)

A 4.2.5 Storage Requirenents

As in the case with forage, storage of wastewater during
nonoperating time depends on nonthly hydraulic |oadings and
avai |l abl e wastewater. Applying the water bal ance Equati on
4-3 and follow ng steps 1-4 of Section A .4.1.5 results in
Tabl e A-12. The net storage volunme required for year-round
application is shown bel ow

V., = (64.6 cn)(108.8 ha)(10?) = 702,800 n?
TABLE A-12

| NI TI AL DETERM NATI ON OF STORAGE VOLUNME:
FOREST CROP ALTERNATI VE

cm
Available Cumulative
wastewater Change in storage
Month P ET ET-P Py, Lw(p) Lw(n) Ly Wa storage Sc
Oct 9.9 5.0 -4.9 38.9 34.0 17.3 17.3 21.5 4.2 0.22
Nov 14.8 0 -14.8 25.9 11.1 13.7 11.1 20.9 9.8 4,2
Dec 13.0 0 -13.0 20.2 7.2 12.0 7.2 21.5 14.3 14.0
Jan 10.1 0 -10.1 15.8 5.7 9.4 5.7 21.5 15.8 28.3
Feb 10.4 0 -10.4 18.7 8.3 9.6 8.3 19.5 11.2 44.1
Mar 15.1 0 -15.1 27.4 12.3 14.0 12.3 21.6 9.3 55.3
Apr 15.8 5.6 =-10.2 43.2 33.0 23.8 23.8 20.9 -2.9 64.6
May 17.4 9.7 -7.7 44.6 36.9 32.0 32.0 21.6 -10.4 61.7
Jun 14.2 13.4 -0.9 43,2 42,3 35.1 35.1 20.9 -14.2 51.3
Jul 14.0 15.7 1.6 44.6 46.2 38.7 38.7 21.6 -17.1 37.1
Aug 12.2 13.9 1.6 44.6 46.2 34.1 34.1 21.6 -12.5 20.0
Sep 14.7 8.9 -5.8 43.2 37.4 28.2 28.2 20.9 -7.3 7.5
Annual 162 72 -90 410 321 268 254

a. Rounding error, assume zero.
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A.4.2.6 Final Storage and Pond Design

The steps outlined in Section A 4.1.6 are followed to deter-
m ne the final storage and pond design. The design of the
primary cell remains the sane with the secondary cell being
used to incorporate the net gain/loss fromthe pond area due
to precipitation, evaporation, and seepage. As before, the
initial depth of the secondary cell is assuned at 1.5 m (5
ft) resulting in a storage pond area of 20 ha (50 acres).
The adjusted field area is calculated to be 113.2 ha (280
acres). The results of secondary cell design are shown in
Tabl e A-13.

TABLE A-13
DESI GN DATA FOR STORAGE POND:
FOREST CROP ALTERNATI VE

Secondary cell

Surface area, ha 20
Total depth, m 2.9
Operating depth, m 2.4
Storage at operating depth, d 63

Total storage at operating depth

Days 116
m3 880,000

A 4.2.7 Distribution and Application

Solid set sprinkler systens, both surface and buried, are the
nost common nethods used in forest crops for distributing

wastewater. In the case of City A the proposed treatnent
site is under pasture and the subsoils are uniform w t hout
much debris, consequently either system would work. The

installation cost for the surface systemis less than the
buried system but the cost for operation and mai ntenance is
|l ess for the buried system After conparing total cost and
di scussing with City A their desire for |ow operation and
mai nt enance cost, the designer selected the buried solid set
sprinkler system

The design of the sprinkler systemis based on the maxi num
hydraulic | oad per application. An application frequency of
4 times per nonth is chosen to all ow adequate aeration of the
tree root system Based on a maximum nonthly hydraulic
|l oading of 38.7 cm (15.2 in.), the maxi num hydraulic | oading
per application of 9.7 cm (3.8 in.) is obtained. Referring
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to manufacturers literature for solid set irrigation systens,
design data are obtained and presented in Table A-14. The
pond and irrigation system|ayout is shown in Figure A-3.

TABLE A-14
DESI GN DATA:
FOREST CROP ALTERNATI VE

Irrigation system

Annual hydraulic loading rate, cm 254
Field area, ha 113
Buffer, m 15
Application frequency, No./mo 4
Total area, ha 123.5
Maximum hydraulic loading per application, cm 9.7
Distribution system Buried solid

set sprinklers
Spacing, m x m 18 x 21
Sprinkler flow, L/s at N/cm? 0.85 @ 36, 0.63 cm diam
Lateral length, m 432
Sprinklers per line, No. 24
Application period, h 12
Settings per day, No. 2
Operating time, h/d 24
Laterals per setting, No. 9
Pumping rate, 9 x 24 x 0.85, L/s 184

Pumping station

Duty pumps, No. at m3/min 4 at 2.76
Standby pumps, No. at m3/min 1l at 2.76
Pumping time
h/d 24
d/wk 6
h/wk 144

Force main

Velocity, m/s

Average 1.1
Maximum 1.7
Pipe diameter, m 0.38
Maximum headloss, m/1,000 m 6.4
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A 4.2.8 Cost Estimates

Cost estinmates are determ ned by the sanme nethod used for the
forage crop alternative (Table A-9) and are sunmarized in
Table A-15. Cop revenue is based on a harvest of one-fourth
of the area every year beginning the fourth year, an annual
growh rate of 25 tons/ha, a dry weight of 0.4 ton/ cord, and
a stunpage price of $4/cord used for pul pwood.

TABLE A-15
SUMVARY OF COST: DECI DUOUS FORESTS

Operation and

Component Capital_ Salvage maintenance
Preliminary treatment $ 100,100 § 20,000 $ 20,000
Treatment/storage ponds 2,206,300 1,103,100 26,800
Pumping 325,300 39,000 55,600
Force main 314,000 157,000 900
Site clearing 167,500 0 0
Distribution 1,295,700 0 54,200
Administration building 130,900 26,200 21,700
Monitoring 9,800 0 1,300
Roads 112,500 75,000 4,900
Planting and harvesting 14,000 - 2,800
Crop revenue - - -28,000

Total construction $4,676,100 $1,420,300 $ 160,200
Engineering, contingencies,
overhead, etc. 1,169,000 - -—
Land 606,900 1,096,100 -=
Total project $6,452,000 §2,516,400 $ 160,200
Present worth -= -635,400 1,681,000
Total present worth $7,497,600
Annual equivalent cost $ 714,500
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A 4.3 Selected SR Design

Conparing annual equivalent costs, the forage crop alter-
native is the nost cost-effective alternative, with an annual
equi val ent cost of $609, 200/yr, and is sel ect ed.

Managenent of the selected alternative consists of an initial
seedbed preparation, seeding, cultivating, irrigating, and
harvesting four tines per year. Prior to harvesting, the
field requires a drying period of 2 to 3 weeks. The
harvested forage grass is then chopped and haul ed away for
use. The harvesting may be handled either by Gty A
personnel or contracted outside. Assumi ng contract
harvesting, the estimated staff requirenment for all of the
remai ni ng operation is 1.5 nman-years per year.

A. 4.4 Energy Requirenents

The two areas of operation that contribute nost to the system
energy requirenments are punping and crop production.
Assum ng 3,900 hours of operating tinme, 75% overall system
efficiency, and 20% headl oss through the distribution system
the energy required for punping is showmn bel ow

TDH = pi pe | osses + operating pressure + | osses through
at sprinkler di stribution
system

= 2,600 m (5.5 m) + 35 + 7
1,000 m

= 56.3 m

(Q) (TDH) (t)

Ener9y = 1§,123) (E)

= 515,200 kWh/yr

Energy required for forage crop production is conputed using
the energy requirenent factor given in Table 8-1.

107.5 ha x (3.63 MJ/ha)
3.6 MJ/kWh

Energy =

= 110 kWi/yr

Therefore, the total annual energy budget for this SR exanple
is:

110 + 515,200 = 515,310 kWh/yr
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The total energy budget for an activated sl udge and anaerobic
di gestion treatnent system of equal size would be 680, 000

kWh/yr electrical energy and 3,100 x 10° BTU yr fuel energy
or a total of 967,000 kWh/yr.
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