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has the benefits of submerging the sidewalls, thereby increasing

the area of infiltrative surface exposed to the flow, and increasing
the hydraulic gradient across the clogging mat, Howeyer, these
henefits may he offset by more severe clogging (Bendixen, et,al, 1950);
Winneberger, et,al, 196Q; Thomas, et,al, 1966; Uniy. Wis., 1978}, or
by {nadequate treatment before the clogging mat is formed in

rapidly permeable soils (Univ, Wis, 1978)}.

B. Dosing

1. Description

The wastewater is collected after pretreatment for periodic
discharge into the soil absorption system via a pump or siphon.
_In this manner, the absorption system receives wastewater in
slugs between which no loading occurs,

2. Performance

The wastewater is distributed over a larger portion of the
absorption system during each dose than is achieved with gravity
flow. The "resting" period between doses allows the infiltrative
surface to drain, exposing the clogging mat to air and drawing
air into the soil below the mat (Hills and Krone, 1971). This
promotes degradation of the clogging mat to maintain higher infil-
tration rates and to extend the life of the system (Univ. Wis., 1980).
In sands or coarser textured materials, rapid infiltration rates can
lead to bacterial and viral contamination of shallow groundwater.
Therefore, in these soils, doses should be more frequent and smaller
in volume. 1In finer textured soils where absorption is more of a
concern than treatment, larger, less frequent doses are more suitable.
See Table II. B~-1 for recommended dosing frequencies.

TABLE II. B-1

Recommended Dosing Frequencies for
Various Soil Textures (U.S. EPA, 1980)

Soil Texture Dosing Frequency
Sand 4 doses/day
Sandy loam 1 dose/day
Loam Frequency not critical®
Silt Toam; silty 1 dose/day’
clay loam .
Clay Frequency not critical

! Long-term resting provided by alternating fields is desirable
L]
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. Introduction

The manner in which wastewater is distributed over the infiltrative
surface may be critical to the proper functioning and long term 1ife
of the soil absorption system, Localized overloading from poor -
distribution may result in inadequate treatment of the wastewater in
rapidly permeable soils and accelerated clogging in all soils (Bouma,
1975; Robeck, et.al, 1964; McGauvhey and Winneberger, 1964},

Many different types and designs of distribution networks have been
tried in an effort to apply wastewater in an effective manner to all
. parts of the soil absorption system and to reduce the degree of clogging.
Not all are satisfactory for ail soil and site conditions because of
the different patterns of loading of the infiltrative surface which
result (Otis, et.al, 1978). Therefore, it is important first to decide
what pattern of loading would be acceptable for the given site and then
to select a network design which best provides that loading pattern.

Methods of Distribution

A.

Gravity Flow
1. Description

The relative elevations between the pretreatment unit and the
soil absorption system are such that the wastewater can enter the
absorﬁtion system by gravity. This method is characterized by
*trickle flow" because wastewater is discharged into the system
as it is displaced from the pretreatment unit.

2. Performance

Distribution {s very uneven, with localized overloading of the
infiltrative surface. Clogging occurs in these areas first and then
progresses through the system as the liquid seeks a more open surface.
Ultimately, the entire bottom of the system may become clogged,
resulting in ccntinuous ponding of the infiltrative surface., This
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Uniform Application

1. Description

Uniform application is similar to dosing except that the
network used to distribute the wastewater is pressurized to
control the application rate to all parts of the absorption
system. By carefully designing the network, the entire infil-
trative surface can be loaded uniformly and at a rate below the
saturated hydraulic conductivity of the soil. Pumps or siphons
are used for network pressurization.

2. Performance

‘The intent of uniform application is to load all parts of
the absorption system equally while maintaining unsaturated
conditions in the underlying soil for adequate treatment. Limi ted
experience indicates that the method is successful (Univ. of Wis.,
1978). Dosing frequencies presented in Table II. B-1 are also .
recommended for uniform application.

Selection of Distribution Method

The selection of the most appropriate method of distribution

-depends on whether absorption or treatment is the most critical

concern. This is usually determined by the permeability of the soi]
and the geometry of the infiltrative surface. Under some conditions,
the method of distribution is not critical, so selection is based
on simplicity and cost.

Methods of distribution into trenches and beds on level sites or
multiple trenches on sloping sites for various soil permeabilities
are listed in order of their preference in Table II. D-1. For
example, in very rapidly or rapidly permeable soils, ensuring adequate
treatment is the primary concern. Therefore, uniform application should
be employed. However, uniform.application of wastewater into multiple
trenches on sloping sites is more difficult and, for that reason,
gravity distribution into serially loaded trenches may be more appro-
priate except in the very rapidly permeable soils. (Note that
conventional trenches.and beds are not recommended for rapidly permeable
soils.). In the moderately permeable soils, dosing seems to reduce the
degree of soil clogging but uniform application is not necessary since
the soil's fine texture will ensyre adequate treatment. Therefore, for
level sites, dosing is the preferred method followed by gravity. Uni-
form application is third only because the cost may be greater, not
because it is less effective. On sloping sites, gravity methods using
serial distribution are recommended. because dosing and uniform anplica-
tion into multiple trenches on sloping sites is difficult. Of the
latter two, uniform application can be designed more easily and is
preferred over dosing. It should be noted that uniform application, ]
unlike the other methods, is appropriate for all applications but design
difficulties and cost cause one of the other two to be preferred.
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TABLE IT. D-1

RECOMMENDED METHODS OF EFFLUENT DISTRIBUTION FOR VARIOUS
SYSTEM GEOMETRIES AND SOIL PERMEABILITIESI(OTIS, 1981)

Soil Permeability

Trenches or Beds
(Percolation Rate)

on Level Site

Multiple Trenches on
Sloping Sites (>5%)

Very Rapid2

<] min/in

Dosing
(<0.04 cm/sec)

.= Gravity .

Rapid Uniform application
1-10 min/in -2 Dosing
@-0.4 cm/sec x 10 °)
Gravity
Moderate Dosing
11-60 min/in 4 Gravity
(4-0.7 cm/sec x 10 7)

Uniform app]ication“

Slow Not Critical
60 min/in

Uniform app]ication“
(>0.7 x 10 3cm/sec)

Uniform app!ication3

Uniform application
Gravity

Dosing

Gravity

Uniform application
Dosing
Gravity

Uniform application

Dosing

Not Critical

; Methods of application are listed in order of preference.

Conventional soil absorption systems not recommended for these soils,

3 . .
Should be used exclusively in alternating field systems to ensure adequate

treatment

: Preferred method for large flows.

—
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ITI. Design

A. Introduction

1. Types of Distribution Network Design

Several different distribution network designs are used in

subsurface soil absorption systems. Most use drainage tile or pipes
but small diameter pressure pipe is becoming used more frequently.

Large diameter perforated pipe networks

This type of network is used in most conventional systems to

permit gravity flow or dosing. In the past, short sections of
4-in. clay tile spaced 1/4 to 1/2 in, apart were used. Treated
building paper was placed over the top of each open joint to keep
the rock or soil from entering the pipe. This pipe has been
replaced by 4-in, bituminous fiber and plastic (rigid or flexible),
perfarated pipe. One or two rows of holes 1/2 to 5/8 in, in
diameter spaced 3 in, apart are common in this type of pipe. Uniform
?istgibution along the length of the pipe is not provided {Converse,
974). i

Small diameter perfarated pipe networks

This type of network is used primarily in pressurized
retworks to provide uniform application. The pipe diameter,
hole diameter and hole spacing are determined by each design..
A minimum pipe diameter of 1-in, and hole diameter of 1/4 in.
is recommended,

Other distribution designs,
Several other types of designs have been developed, many of

which do not use pipe. These are primarily proprietary in
nature and are discussed separately below.

Selection of Distribution Network Design

The choice of which network to use depends on the type and

geometry of the absorption system and the method of distribution
desired. Table III, A-1 lists the most appropriate network designs
_in order of preference for different system configurations. The
various network designs 1isted are described in the following sections.

8. Large Diameter Perforated Pipe Networks

].

Single Line

® Description

Single line networks are used in trenches for gravity flow
or dosing. A single line in the center of each trench is used.
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"FIGURE III. B-1
Closed Loop Distribution Network

® Design

The distribution box is normally purchased prefabricated.
It is usually round or rectangular with a flat bottom
and an above grade removable cover. It has a single inlet, and
an outlet for each distribution Tine. The box must be set on
a_dry, frost-proof footing with the outlet inverts at the same
elevation. The invert of the inlet should be at least 1 in, above
the outlet inverts. If dosing is to be employed or the slope of
the inlet pipe imparts a significant velocity to the influent, a
baffle must be placed in front of the inlet.to absorb the influent
energy and prevent short circuiting across the box. The slope
of the lines leaving the box should be laid at the same gradient
for at least 10 ft. beyond the box to ensure an even division of
flow (See Figure III. B-2), :

¢ Limitations

The use of distribution box networks should be restricted
to Tevel or gently sloping sites where the system can be installed
so that the ground surface elevation above the lowest trench is
above the box outlets inverts elevation (Machmeier, 1981).
This recommendation is made because it is difficult to maintain
the outlet inverts at the same elevation which is necessary for
equal division of fiow (Bendixen and Coulter, 1958). Carelessness
in placement or backfilling, uneven settling or frost heaving will
cause the misalignment. If the box were to settle unevenly so
that the Towest trench is overloaded, the trench will pond and
the flow will back up into the box where it can enter another
trench (See Figure III. B-2). However, if the ground elevation



e,

® Design

The distribution 1ine is 3 to 4 in. diameter perforated pipe
laid tevel or on a gradient of 1 to 2 in. per 100 ft. within
the porous media. If the pipe has one row of holes, the pipe
Isset such that the holes are at the invert. If the pipe has
two rows of holes, the pipe is laid such that the line bisecting
the acute angle between the holes intersects the pipe invert.
Two rows of holes are thought to be superior because of the
smalluunobstructed channel left between the holes in the bottom of
the pipe. The end of the pipe terminates in an ohservation vent
or is capped.

¢ Limitations

Traditionally, distribution lines have been limited to 100 ft.
in length because pipe hreakage, root penetration or settling may
disrupt the flow within the pipe, These fears are largely
unfounded since most of the flow occurs in the gravel, However,
if lines do exceed 100 ft, in length, the inlet from the
pretreatment unit could be lgcated near the center of the .
line rather than at one end,

2, Closed Loop
® Description

Closed loop networks are used for gravity flow or dosing
in trench or bed systems that have the entire infiltrative
surface at one elevation. The pipe is identical to that used
for single lines and is laid in a similar manner.

® Design

More than one 1ine is used and the ends of each are connected
to one another with ell, tee or cross fittings, as shown in
Figure III. B-1. In beds, the lines are laid parallel with 3 to
6 ft. spacings. A tee, cross or distribution box is used at the

“inlet to the network.

3. Distribution Box

® Description

Distribution box networks are used for gravity flow or

dosing in multi-trench or bed systems which have independent
single lines. The single 1ines in the network extend from a

common watertight compartment called the distribution hox. The
purpose of the box {s to divide the flow entering the box equally
hetween all laterals leaving the hox. In multi-trench systems, out
Tets to individual lines can be plugged to allow periodic resting
of selected trenches,
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over the trench is lower than the box outlets, the wastewater will
seep onto Fhe ground surface and the remainder of the system may
never receive wastewater. On steeply sloping.sites, drop boxes
or relief lines should be used unless the distribution box is set
carefully and its levelness mafntained.

4. Drop Box
® Description

Drop box networks are gravity flow networks used to serially
load multi-trench systems, Each trench has its own drop box which
accepts wastewater from the drop box upstream from it. The box
discharges the 1iquid into the distribution Tine of the trench

-unt{l the trenchiis=f{lled to capacity, -At that point, the
drop hox oyerflows into the next drop box downstream from it.
This network is uswally used on sloping sites since each drop
box must be at a lower elevation than the one upstream from it,
but they may be used on leyel sites as well by lowering each
successiye trench,

* Design

A drop box, usually purchased prefabricated, is a circular box
with a watertight bottom and a removable cover. It has an inlet,
one or two outlets for the distribution lines and an overflow. The
distribution line outlets are located at or near the bottom of the
box. The invert of the overflow is located at the same elevation
as the crown of the outlet or 2 in. above it to flood the trench
to the top of the gravel. The inlet invert may be at the same
elevation as the overflow invert or a few inches above. See
Figure III. B-4. .

Drop boxes may be located anywhere along the trench length.

An elevation difference of 1 to 2 in. between successive drop
boxes is all that is needed. Solid wall pipe is used between
each drop box.

® Limitations

The only Vimitation of this system is that it can be used
only where gravity flow is appropriate. It is superior to all
other gravity flow networks because of its characteristics of
operation. Each trench is successively loaded to its full capacity.
Thus, only the portion of the system required to absorb the
wastewater is used. During periods of high flow or when evapo-
transpiration is low, more trenches are used. When flows are low
or evapotranspiration is high, the lower trenches will drain dry
and automatically go into a resting phase during which the
infiltrative surface is rejuvenated. The upper trenches may also
be rested by plugging the outlets to the distribution Tines and
forcing the liquid into the lower trenches. Another advantage
is that additional trenches can be added easily to the existing
svstam, {f necessary.
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FIGURE III., B-2
Multi-Trench System on a Sloping Site Using a Distribution Box (Otis, et.al, 1978)
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3. Relief Line
® Description

Relief line networks may be used in place of drop box networks
in multi-trench systems using gravity flow. Relief lines, used
in place of drop boxes, are simple overflow lines interconnecting
trenches such that one trench is filled before the wastewater
overflows into the next trench.

Design

A relief line is a solid wall pipe. The elevation of the
invert of the overflow section is set above the crown of
the distribution 1ine as-shown in -Figure-III, B-5, -Relief-
lines between successive trenches should be stagqgred or
separated by 5 to 10 ft. to prevent short curcuiting.

¢ limitations

Relief 1ines have the same lTimitations as drop box networks
but fewer of its advantages. There is less flexibility in
operation because individual trenches cannot be closed off.
Adding trenches to an existing system is also more difficult.
Construction costs are less than drop box networks, however.

Small Diameter Pipe Networks (Pressure Distribution)
1. Description

Small diameter pipe networks are used primarily in pressure
distribution networks. These networks are used to apply wastewater
uniformly over the entire infiltrative surface during each dose.
The network is designed to discharge equal volumes of wastewater
from each perforation in the network. This is done by maintaining
a uniform pressure within all parts of the network. A pump or
siphon is used to pressurize the network.

2. Design

Pressure distribution networks usually consist of a solid pipe
manifold which supplies wastewater to a number of perforated laterals.
To maintain uniform pressure throughout the network, the headlosses
incurred delivering the liquid to each perforation must be kept to
a minimum by properly sizing the manifold and lateral diameters in
relation to the size and number of perforations. This can be a Tong
and tedious process. To simplify the design, a method using graphs
and tables has been developed (Otis, 1981). If this method is used,

a maximum difference in discharge rates, between perforations through-
out the network will be 15 percent. The design procedure. is outiined
beTow:

(
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Step 2: Select perforation size and spacing

Uniform distribution can be approached best by providing as
many uniformly spaced perforations as practically possible,
Perforation diameters of 1/4-in to 5/8-in are common. Smaller
diameter perforations permit more perforations per unit length of
lateral to provide more uniform coverage, but holes smaller
than 1/4-in in diameter are more likely to clog. Larger spacings
between perforations permit Tonger laterals, but spacings too
great result in localized overloading of the soil's infiltrative
surface. Maximum spacings of 10 ft are suggested here, but
spacings lesss than 5 to 6 ft are more desirable.

In bed systems, lateral spacings equal to the perforation
spacings are recommended. Perforations between any two laterals
should bé-staggered so that they lie’on.the vertices of equilateral
triangies. This arrangement will provide the most uniform
distribution of liquid.

Since the laterals drain between doses, air must be vented
from the laterals at the beginning of each dosing cycle. To
facilitate venting, the perforation at the distal end of each
lateral should be drilled horizontally in the end cap near the
crown of the pipe (See Figure III. C-1).

Step 3: Determine lateral pipe diameter

Use Figures III. C-2 through III. C-8 to determine the
appropriate lateral diameter for the selected perforation
diameter, perforation spacing and lateral length. These figures
were developed for plastic pipe using the Hazen-WillTfams equatiun
for closed conduit flow (Hazen-Williams Coefficient of Cp = 150),
allowing no more than a 10 percent head loss from the supply end
to the distal end of the pipe (Otis, 1981).

Step 4: Calculate the lateral discharge rate

The lateral discharge rate is equal to the perforation
discharge rate times the humber of perforations in the lateral
The perforation discharge can be obtained from Table III. C-1 or
calculated using the orifice equation:

q = 11.79 d*hg%

where q is the perforation discharge rate in gpm, d the perfora-
tion diameter in inches, and hq the distal in-line pressure in ft.
(An orifice coefficent of 0.6 for sharp-edged orifices is used.)

The distal in-line pressure, hyq, is important in the design of
the network. At low pressures it is not significant in the
network pipe sizing for level sites, but a sufficiently high
in-line pressure should be selected to minimize the effects of
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® Step 1: Layout a network

For any absorption field, more than one configuration of
manifolds and laterals may provide uniform coverage of the in-
filtrative surface. The manifold may be located at one end,
in the center, or off-center of the laterals as the situation
demands. Central manifolds minimize lateral size because lateral
sizing is based in part upon the length of lateral between the
supply and distal ends. Central manifold inlets from the
pressurization unit minimize manifold sizing for the same reason.
For very long, narrow absorption areas, multiple manifolds may
be used as long as the pressures at each manifold inlet are equal.
To minimize leakage from the perforations nearest the manifold
at the start of each dose, the laterals can be mounted
aboye the manifold using tee-to-tee construction as Shown
in Figure III, C-1. In this manner, the manifold will fill
Before discharging into the laterals, However, provisions must
be made for draining the manifold in localities where freezing
is a concern. Where pumps are used for pressurization, the
manifold may be drained hack into the dosing chamber, This
{s impractical with large volume manifolds and impossible if
siphons are used. In such instances, the manifold should be -
{nsulated and provisions made for manual draining if the system
is left idle for any extended period of time,

DISTAL PERFORATION IN
s CAP NEAR CROWN OF PIPE
PERFORATIONS AT

LATERAL INVERT

FIGURE III. C~1: Tee-to-Tee Lateral/Manifold Construction (Otis, 1981;
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Statements

[

Pressure Distribution: Level Site

A multi-trench system is to be constructed on a Tevel site
in a sandy loam soil., It is to receive an average flow of 250 gqpd.
The system is to consist of 5 trenches, each 3 ft x 40 ft and spaced
9 ft on center.

Design a pressure distribution network for this system.. The
dosing chamber is to be located 50 ft from the first lateral.

:2&.rPreséure-Distribution: Large Bed -

3.

A subsurface soil absorption system is to be used for wastewater
disposal in a small community. Three beds, each designed for
15,000 gpd, are to be used. The beds will be 100 ft x 130 ft.
Design a pressure distribution network for one of the beds.
The dosing chamber will be located 200 ft from the network inlet.
If siphons are used for pressurization, what should be their
elevation in relation to the lateral inverts?

Pressure Distribution: Sloping Site

A multi-trench system is to be constructed on a sloping site.
It will serve a 4-bedroom home with a present average flow of
200 gpd. Five trenches will be used as_shown in the figure below.
Because of large trees, the trenches will be of unequal lengths
as shown. The elevations of the distribution lateral inverts will
be as follows:

Invert
Lateral No. ' Elevation
1 873.0 ft
2 873.5 ft
3 874.0 ft
5&6 874.5 ft
6 &7 875.5 ft
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Network Layout for a Trench System on a Sloping Site (Problem 3)
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Selutions

1.

Pressure Distribution: Level Site

® Step 1: Layout network

Two layouts would be suitable for this system. The
distribution laterals can be fed either by an end or a central

manifold. With an end manifold, 5 laterals are required,
while a central manifold requires 10 laterals. An end
manifold will be used in this example.
SEFTIC. TAMK. =
POSING CHAMBER -————-j
e
r PELIVERY una\ :
APSCRFTION ThencH, | NETWORK INLET
ol N
va=~ﬂ%:-$%3“;v' B A PSS S S
TR MR e, E
i S

END ruwﬂrcuv~ﬁﬁhhhﬁ

T BT ‘% '*-l?.'\r."!.!
e -
e o

CENTRAL MaNIFOLD

L
I
I
J
e

-

i g
-

_}f4_¢-+g4_f.*g}mf-ff+uf_{;+

End and Central Manifold Configurations for
a Trench System on a Level Site (Problem 1)
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Step 2: Select perforation size and spacing

Perforations 1/4-in in diameter spaced 2.5 ft will be used.
(Other combinations may be just as suitable).

Step 3: Select lateral diameter

To provide the most uniform effluent application over the
trench bottom, the first and last perforations in the lateral will be
located one-half the perforation spacing from either end of the trench.
Therefore,

Latera] Length = 40 ft - (1/2 x 2.5) = 38.75 ft

From Figure III. €-2 (for 1/4-in diameter perforations}, the minimum
lateral diameter for a 38.75 ft lateral with a 2.5 ft perforation
spacing is 1 1/2-in.

Step 4: Calculate the lateral discharge rate -

A minimum in-1ine pressure of 2.5 ft is desired. From Table
ITI. C-1, a 1/4-in perforation will discharge 1.16 gpm at this
pressure.

No. of Perforations/Lateral = 40 = 16 perforations

2.5

Lateral Discharge Rate = 16 x 1.16 gpm = 17.5 gpm
Step 5: Calculate the manifold size

The manifold diameter is to be uniform along its length to
s1mp11fy construction.

Manifold Length = 4 ft x 9 ft = 36 ft

From Table III. C-2, an end manifold with lateral d1scharge rates

of 17.5 gpm and ]atera1 spacings of 9 ft can have a maximum length

of 20 ft for a 2-in diameter or 43 ft for a 3-in d1ameter Therefore,
a 3-in diameter is necessary.

Step 6: Determine dose volume

The crown of the manifold is to be located below the lateral
inverts and the manifold drained back into the dosing chamber at the
end of each dose. Therefore, the minimum dose volume is based on
lateral pipe volume only. Using the nomograph in Figure III. C-9,

2 stra1ghtedge is placed at 38.75 ft on the Lateral Length scale and
at 1 1/2-in on the Lateral Diameter scale. The straightedge crosses
the Lateral Volume scale at about 3.5 gal. Maintaining this point
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on the Lateral Volume scale, the straightedge is rotated to align
with 5 on the Number of Laterals scale. The straightedge crosses
the Total Pipe Volume scale at 17.5 gals. A minimum dose volume
of 3 to 10 times the total pipe volume or 90 to 175 gal should be
used.

The required dosing frequency taken from Table II. B-1 is
1 dose/day for sandy loam. Therefore,

Required Dosing Volume = 250 gpd = 250 gal/dose
1 dose/day

The minimum dose is less than the required dosing volume so the
network is satisfactory. Since the manifold will drain back to

the dosing chamber, the dose volume must be increased in volume

. equal to that in the manifold and delivery line. If a 50 ft 3-in

diameéter delivery line is used, the volume increase is equal to

50 ft + 36 ft or 86 ft of 3-in pipe. Using the nomograph in Fiqure
I1I. C-9, this volume is determined to be approximately 32 gals.
Therefore,

Dosing Volume = 250 gal + 32 gal = 282 gal
® Step 7: Calculate the minimum discharge rate

Minimum Discharge Rate = 5 laterals x 17.5 gpm/lateral (
® Step 8: Calculate total friction losses

1.31 x distal in-1ine pressure

Network losses

1.31 x 2.5 ft = 3.28 ft

Les
Delivery losses = Ly 3-55 Qw
ChDdZ.S 3

1.85
50 ft | 3:39 X 87.5 gpm - 0.9 ft
150 x {3-in)2%®

Total losses Network losses + Delivery losses

3.28 ft + 0.9 ft = 4.2 ft
® Step 9: Select pressurization unit
In this instance, a pump is to be used.

Total Pumping Head = Static Head + Friction Losses (+
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If the low water level in the dosing tank is 5 ft below the lateral
inverts, the total pumping head is:

5 ft + 4.2 ft (friction losses from Step 8) or 9 ft

Using head-discharge curves provided by manufacturers, a pump able
to discharge at least 80 gpm against 9 ft of head is selected.

® Step 10: Size the dosing chamber

Since only one pump is to be used, a reserve volume equal to
one day's average flow is necessary in case of pump failure.
Therefore, a volume of 280 gal (dose volume) + 250 gal (average
daily flow) or 530 gal must be provided between the pump off switch
and the dosing chamber inlet invert. (The high water alarm switch
is located just above the pump on switch.)

Pressure Distribution: Large Bed

® Step 1: Layout network

A central manifold configuration is selected as shown below.
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Network Layout for Large Bed System (Problem 2)
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® Step 2: Select perforation size and spacing
Perforations are to be 3/8-in diameter spaced 5 ft apart.
The perforations are to be staggered between laterals to provide
more uniform distribution (See figure).
¢ Step 3: Select lateral diameter
From Table [II. C-4: 2-in laterals required
® Step 4: Calculate the lateral discharge rate
A minimum in-line pressure of 2 ft is used. From Table III. C-1:
.. *Perforation bischafde.Rate'é 2.34 gpm = ' '
Perforations/lateral = 65 = 13
5

Lateral Discharge Rate = 13 x 2.34 gpm = 30 gpm/lateral

o Step 5: Calculate Manifold size

This network is too large to determine the manifold size from (
Table III. C-2. Therefore, the Fj values are calculated.
Number of Manifold Segments = 100 - 1 =19 segme?ts
S\QWNL % /ﬂ-hrﬁ Ll A
. . s . L oegnt T
Results of Calculations to Determine Manifold Segment Diameters !Z _ parpgiy 3O 1
L L
fie
Q r 0 Q 0
Segment { [ n Seqment { m
So.  (gpm) T Ty (in) M. {gem) i i (im
1 s 1s 1L n 660 161.2  704.99
\9
2 120 638 879 4.982 012 720 189.4 894,39 9.2
3 180  11.57  23.35 L 780 224.9 119.29
8 240 20.81 487 6.15°° 18 840 251.9 1371.19  9.55
5 300 37.49  B85.66 15 900  286.1 1657.29
5 30  52.53 13849 7.05 1§ 960  322.4 1979.69 10.04
7 420  69.86 208.05 17 1020 360.9  2340.59 i
8 480 89.44 297.49 7.80 18 1080 401.1  2741.59 10.48 o 5
9 540 1Mm.2 408.19 ‘\\ 19 1140 443.2  3184.89 10.707 )
\\
10 600 135.) 543,79 6.44° Inlet 1200 - - -
‘ } (?
¥2 faterals x 30 gpm/lateral \ S C s : !
bFrom mantfold diameter equation (Steo §) frapae 12 b=
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Allowing 0.1 h, loss of head in the manifold, the necessary manifold

diameter can be calculated.

M 0.21
LEF; 021
Dy = ﬁ%%lﬁa = [50f¥ : g]?:.BQ] = 10.7-in or 12-in

By this method, a 12-in manifold would be required.

A uniform sized manifold is not necessary. To save expense and
to provide more uniform distribution by reducing the difference between
tateral entrance losses, the manifold should be telescoped to smaller
diameters downstream. The same method as above may be used to determine
the proper diameters for each segment if the allowable headloss in the
manifold is assumed to be linear along its length. Making this assumption,
each segment may account for (0.1 ¢ 19)hg of the manifold function loss.
Calculated diameters of the even numbered segments appear in the table.

For example, the diameter for segment 2 is:

0, =|5 ft x8.79 (%

0.1
ZXTQ'—-Xth

= 4.98-in or 6-in

From the table, the nominal manifold diameters are selected:

Manifold segments: 1-3 6~in
4-8 8-1n
9-16 10-in
16-19  12-in

Step 6: Determine dose volume

The crown of the manifold is to be located below the lateral

elevation. A manual drain valve will be installed on the manifold
to drain the manifold when the network is out of service. From Figure

IIT. C-9:

Minimum Dose Volume

2100 to 4200 gal/

15,000 gpd
Required Dose Volume = 4 dose/day = 3750 gal

From Table II. B-1:

This is satisfactory.
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® Step 7: Calculate theminimum discharge rate

N
N
r"

\

[
PO

.

‘ &

~

Minimum Discharge Rate = 30 gpm/lateral x 40 laterals

= 1200 gpm
Step 8: Calculate total friction losses
Network Losses = 1.31 hg = 1.31x 2 ft = 2.62 ft
"1-"‘ ,/I\ ,'.;‘J..(J
i 3.55 x 1200 gpm |***
L Dﬁfivery Losses (200 ft of 12-in) = 200 ft x{{55", (12-in)289
' n\ . - : )
3 "od” R i 2 i = :
v j = 0.55 ft

* ® Step 9: Select pressurization unit

A 12-in siphon with a manufacturer's average discharge rating of
1200 gpm is selected. The discharge invert must be elevated a minimum
of 3.2 ft above the lateral inverts.

Step 10: Size the dosing chamber

A dosing volume of 3750 gal is to be used. The siphon has a
30-in draw. No reserve volume is necessary since the sipon has an
overflow.

Pressure Distribution: Sloping Site

Step 1: Layout network

A layout as shown in the figure is to conform to the trench 1ayout.

Step 2: Select the perforation size and spacing

Because the static heads in the laterals in each trench will vary,
either the perforation diameter or the perforation spacing must be
changed to maintain uniform application of effluent to each of the
infiltrative surfaces. It is most practical to change the spacing,
since the perforation diameters normally can only change by nominal
drill bit sizes. - .

A perforation diameter of 1/4-in is selected with a maximum spacing
of 5 ft. Since the lateral at the lowest elevation will have the
highest perforation discharge rate due to the greater static head, the
maximum spacing is to be used in this lateral.

To determine the spacing for the remaining laterals, it is necessary
to compute the fraction of the dosage rate that is directed into each
lateral to provide uniform distribution. Knowing this and the in-line
pressure, the perforation discharge rates can be determined for each

lateral and thence, the perforation spacing.
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To calculate the lateral discharge rates, the discharge rate of
the lowest lateral must be calculated first based on the perforation
diameter and spacing selected. To do this, a minimum in-line pressure
in the uppermost lateral must be selected. Then the minimum in-lina
pressure in the lowermost lateral is equal to the minimum in-line
pressure in the uppermost lateral plus the elevation difference between
the two laterals less the upstream manifold losses. Therefore, in
Lateral 1:

Minimum 4
In-line = 2.5 + (875.5 - 873.5) - (E-x 0.1) x (2.5) = 4.75 ft-
Pressure

From the perforation discharge equation:

Perforation

Discharge = 11.79 (1/4-in)? (4.75 ft)¥2 = 1.60 gpm

Rate

Lateral ’
Discharge = Zg#;%- x 1.6 gpm = 24 gpm

Rate

Knowing that the ratio of the lateral discharge rates to the total
trench loading in each trench must be equal to maintain uniform
distribution, the remaining lateral discharge rates, in-line pressures
and perforation discharge rates can be calculated (See accompanying
table). The perforation spacing is determined by first dividing the
lateral discharge rate by the perforation discharge rate to obtain the
number of perforations per lateral and then dividing this into the
trench length. The accompanying table presents the results of these
calculations.

® Step 3: Select lateral diameter
Figure I1I. C-2 is used to sé]ect the Tater diameter. The diameters
obtained appear in the table. To reduce the number of different pipe
diameters, larger nominal diameters ultimately may be chosen. For
instance, laterals 1 through 4 could be 1 1/2-in pipe.
® Step 4: Calculate the lateral discharge rate
This was done in Step 2. See the table.
® Step 5: Calculate manifold size
The manifold is to be a uniform diameter throughout.

Manifold length = 4 segments x 10 ft = 40 ft



-44-

Since the lateral discharge rates vary, F; must be computed for
each segment.

Fi = 9.8 x 107Q;%°

Manifold

Segment Qi Fi
1 24 gpm 0.35
2 40 gpm 0.90
3 . 64 gpm 2.15
R 99 gpm 4.82
Total 8.22
M
Ly Fy L
Dy = i=1 - 10 ft x 8.22|%%!
f hy 0.1 x 2.5 ft

= 3.38 in => 4=1in

® Step 6: Determine dose volume

Since the manifold must fill entirely before the upper laterals
are filled, the lateral and manifold pipe volume must be included
in the calculation of the minimum dose volume. Figure III. C-9 is
used to make this calculation.

Lateral Volume: 275 ft of 1 1/2-in = 26 gal
75 ft of 2-in = 12
50 ft of I-in = 2
Manifold Volume: 40 ft of 4-in = 26
66 gal

Five to 10 times the pipe volume gives a minimum dose volume of
330 to 660 gal/dose equal to about 1 dose per day. If a 330 gal dose
is used, at average daily flow 1 dose will occur every 1 1/2 days.
This is satisfactory.
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Step 7: Calculate the minimum discharge rate

This is the sum of the lateral discharge rates equa1 to
128 gpm from the table. '

Step 8: Calculate total friction losses

Network losses = 1.31 x 2.5 ft = 3.3 ft

3.55 QM 1858

Delivery losses = Ly

ch Dd2-53

" gt e el it T i s BT L
i : T [3.55 X 128'gpm}

= 20 ft| 150 x 4-in*=* = 0.2 ft

Total losses = Network losses + Delivery losses

3.3 ft + 0.2 ft = 3.5 ft

Step 9: Select pressurization unit

In this case, a siphon can be used. It would be selected on the
basis of the average rated discharge. The discharge invert would be
set at a minimum of 3.5 ft above the uppermost Jateral invert,
Step 10: Size the dosing chamber

The draw of the siphon and size of the dose selected, 330 gal,
is sufficient to size the dosing chamber.



