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DESIGN OF PRESSURE DISTRIBUTION NETWORKS
FOR SEPTIC TANK-SOIL ABSORPTION SYSTEMS

By Richard J. OtisT

INTRODUCTION

Excessive costs of providing conventional public wastewater facilities,
limitations on funding for Toca1 sewar axtansion projects and the increasad
demand for rural building sites, are forciﬁq engineers and planners to reconsider
the septic tank and other onsite systems as permanent rather than interim
"solutions to wastewater treatment and d1sposa1 prohlems in unsewered areas.

This 1is be1nq done w1th some reluctance hecause the septic tank system has had

a reputation of poor reljability. Yet the system s Tow cost and simplicity of
operation cannot be gverlooked. With proper siting, design and construction,

the system can serve single family nomes, chStefs of homes and small communities
reliably.

Recent research in site evaluation, design, and constructicn techniques
have improved the performance and wiil undoubtedly prolong the Tife of the
septic tank-soil absqrption f{eld system. A part of this research has demon-
strated that the method used to distribute the septic tank effiuent within
the soil absorptionrfieId can effect the system's performance {University of
Wisconsin, 1978). Three generic methods have been identified (Otis et al.,
1977). The simplist and mest commonly method is gravity flow. With this
" method, wastewater is allowed to flow by gravity through Jarge diameter pipes
into the absorptian Fiefd as wastewatar is discharged from the septic tank.
Oistribution s usually Tocalized in a few areas within the absorption ffe1d,

wnich resuits in overloading of the infiltrative surface in these arsas

] Speéia1?st; Department of Civil and Environmental *Engineering, University
of Wisconsin, Madison.



{Conversa, 1974). This can lead to-qrouhd water cﬁntamination in coarse

granular soils because of insufficient treadnent {McCoy & Zishall, 1975: Green,
1976) or more rapid and savere clogging in finer textured soils (Rouma 2t al.,
1974; Bouma et al., 1975}. The sgcond method, dosing, overcomes some of the
problems associated with gravity flow. This method fequires a means of storing
affluent deTowing the septic tank for pariodic discharge into the sofl absarptian
field through large diameter pipe by a pump, siphon ar other devicé. In thfs
manner, the.effTuent is distributed over a'Igrqer partion of the-abscrption

araa and the period between dasas allows the infiltrative surface to drain.

Soil clogging does not seem to be as severe using this method (Bendixen et al.,

1350; University of Niscdnsin, 1978; Winneberger et gl., 1960: Bouma et al
1974).  However, localized overloading still occurs (Converse, 1974). The third
method, uniform application, solves this oroblem by appiying effluent uniformly
over the entire absorptiqp area at a rate below the saturatad hydraulic conduc-
:tivity of the soil. This insures adequate treatment by the sgil at all times
and séems to reduce ciocgging (University of Wisconsin, 1973}. However,
achievihg uﬁifarm appTicatidn is difficult and can be costly. Therefore,

~ uniform application fs reco&mended as a dis;ribution mefhod only where the
sther methods are nat acceptable (See Table 1).

Pressure,disffﬁbution netwarks have been used as éne means of appraaching
unifarm applicition of §eptic tank effluent. These consist af a dosing chamber
containing a pressurization unit, either a pump or siphon, where affluent is
collected and pericdically discharged intc a network of small diameter per-
forated pipes designed to discharge equal amounts of affluent from eachr
perforatibn. These networks have the advantages over ather natworks of

aroviding dosing in additian to more uniform apolication, permitting irreqular

field cenfigurations, providing equal division of flow between multinle trenches
SRR .



TABLE 1

SUGGESTED METHODS OF EFFLUENT DISTRIBUTION FOR VARIQUS

SYSTEM DESIGNS AND SOIL PERMEABILITIESa

Soil Permeability
{(Percolation Rate)

Very Rapid®

<1 min/in
{<0.04 cm/sec)

Rapid

1-10 min/in -2
(4-0.4 cm/sec x 10 7)

Modarate

11-60 min/in .
(4-0.7 cm/sec x 10°°)

Slow

60 mig/in'
(0.7 x 107 cm/sec)

Trenches or Beds
on Level Site

Uniform appiicationc

Dosing

Gravity

Unffonn application
Dosing

"Gravity

Dasing

Gravity.

Uni form app]icationd

Not Critical

Uniform app]icatiand

Trenches on
Sloping Sites (>5%)

Uniform apﬁ1ication
Gravity

Qasing

Gravity
Uniform application

Dosing

Gravity
Uniform application

Dosing

Not Critical

3 Mathods of application are listad in order of preference.

b

Conventional soil absorption systems not recommended for these soils.

€ Shouid be used aexclusively in alternating field systems to ensure adequate

treatment.

d Preferred methed for large flows.



on 1eve] or slaping sitas, and simultaneous application of effluent aver large
absorption areas. Originally deve]oped for mound systems at the University of
Wisconsin {Canversa, 1974), ‘their range of applications have increased to
gvarcome problems with rapidly permeable soils, shallow water.tab!es, badrock
gr other restrictive ﬁorizons, steep slopes and large flows {Tfiang1e J Council
of Governments, 1979 State of Washington, 1980; State of Wiscansin, 1980, ‘
Carlile, 1980; Otis, 1978; U.S. EPA, 1980). A1thcuqh the1r pcpuTar1tj is
1ncrnas1nq, thair use genefally nas bean limitad ta smaIT convantional systams
because of the lengthy and tedious nature of their des1qn Ta realize the 5911
potantial of pressure networks, 51mp11f1ed design orgcedurss iare needed, The
abjectives of this paper arz to raview the principles af oressure distributicn
network design, discuss ;onsiderations fhat should be part of a good netwark
design and to preeent a simplified design orocedurs. [n additien, the desian

procedurs is illustrated using three‘exampIes in Appendix [.

DESIGN PRINCIPLES

Pressure distribution networks usually consist of a sol1d dige manifald °
that supplias effluent to & number of evenly spacad perforated 1atera]s.

To obtain unifunn distribution, the amount cf tiquid dﬁscherged_from each
perforataon w1th1n the network must te aqual. The rate of effluent discharge
from any perfaration is a funct1on of the area and character1st1cs af the openzng

and the liquid pressure benhind it. This relationship can be described using the

orifica aquation:

-
ia which q:i is =me perforaticn discharge rate from the pertoration in the i

Jlataral sagment, a is the area af the opening, g is the accaieration due to
! %



gravity, hj is the liquid pressure behind the perforation, and C is a dimensionleés

coefficient that varies with the characteristics of the opening (Fiqure 7).

;

Figure 1: Flow Relationships within Typical Lateral

Energy losses incurred during deiivéry of effluent through each perforation
alter the ligquid prassure, hj, af each perforation. Losses include pipe
Fricticn lasses 'in the manifold and 1atgrals, junctﬁoﬁ losses at each perfaratfon,
énd sntrance losses into each perforation. Tb maintain equal discharge rates
from each perforation, the total of all losses incurred déYiverinq efflient to
each perforation must be equaT.

Pipe fricfion lossas are a function of the rate of flow and the'pipe
diameter. These can be calculated using the Hazenfwi]]fams equation shpwﬁ

rearranged helow:

9 1.85

=g —_l | | :
ahyt T TR gl PR (2)

. . k]
- where ah, is the friction loss in lateral segment ], lj.the length aof the ]
J .

Tataral seqment {or perforation spacing), Q& the sum of the discharge rates
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from the perforations dawnstream from the jth lateral segment, 0 the lataral
diameter, and Ch the HaZEn-QiIIiams friction factor. The friction losses in
each segment add downstream in the lateral but at a decreasing rata as Qé
decreasas due to losses in flow through each perforation.

The discharge of effluent out each perforation reduces the total energy
downstream in the lataral. The loss of energy at the junction causes a change
in the liquid pressure within the lateral. The magnitude of change can be
detenﬂined by equating the total energy upstream from the perforation to the
energy in the liquid discharged through the perforation and the energy remaining
in'the 1atéra1 downstream of the perforation. The tbta] energ} in each liquid
stream is the sum of its velocity head, prassure and elevation in relation to
a fixed datum. Using this relationship and rearranging the ;hange in prassure

at the junction is:

: i~ -1 Yj -
aht L oIt L e (3)
J 2g 29

in wnich Ahi is the change in pressure across the jth perforation, V& the
yelacity in the lateral segment upstream from the perforation, Vé‘} the velocity
in the Tatefa1 segment downstream from the perforation, and vj the velocity
through the perforation. Where V& js high near the inlet to the 1atera1,lthe
change in prassura is positive but Ahé becomes negative toward the distal end
of the lateral. Thus, the in-line pressﬁre increasas slightly before decreasing
' downstream within the léterai.

The entranca lass into the pgrforation is a function of the relative
velocities and directions of flow in the lateral and out the parforation.
For sharp-edged circular perforations with axes perpendicular to the direction
of flaw in the lateral, the entrance loss, hé can be sxprassed hy:

.

-
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n' = ¢ J + g i'l (d')
a —-;2— . g trrroeereesieoienn {
3

where 4 and 3 are dimensionless coefficients (Hudson et al., 1979). This shows
that the entrance loss is the greatest in the berforation nearest the lateral
inlet and the loss in each subseqﬁent perforation decreases as V3 decreases.

To properly design a-distribution létera1, the total losses to each oer-
foration must be balancad. This is a long reiterative grocess because the
equations used to de;enniné thesa Tosses are interdependent., The design can
be greatly simplified if some of the laosses can be ignored. An examination gf
squations 2, 3 and 4 showsrfhat each ﬁf the losses are minimized when the ratio
of the IateraT diameter to the perforation diameter is large. At Tow Tateral
“velocities, the entrance losses are nearly identical along the lateral so that
they can be ignorad. The junction losses are within construction elavation
tolerances at low lateral velocities and pressureé. Fortunatei}, this condition
can be satisfied by minimizing'friction lasses. Therefore, the design is
based upon minimizing the friction'1osses and iqnbring the ather losses.

Any tolerance of variation of discharge rates between the first énd last
perforations in the lataral can be selectad. In this paper, a 10 percent
variation cf discharge rates between perforations withi; the same lataral is
allowed:

i

a = 1.1 R RO ER R SRR (5)
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wnere h, is the in-line pressurs desired. at the distal end of the lataral.

d
~ Thus,

3y se1ect1ng hd’ 4, 0 and d, the perforat1on d1scharqe Eauat1ons 1 and 2
can be used to calculata the chariga in in-Tine oressure and the oerforar1cn
discharga rate for esach latarai segment. ‘hen Equation 7 is satisfied,
the maximum latsral length for that set of candi;idns is reached.

Similarly, the salaection of a Suftab1e manifold diametar is a function
of the discharge ratss, and spacing of the laterals and the number of Tazerais
.cr manifold lenqth. Any tolerance of varjatfon of discharge rates between
the perfokations of different laterals can he specified. In this paper 15 per-
cent variation is allowed. This differenca will be qréatest between tha
perforation nearest the manifold in the nearest lateral, M, N and the perforation

furthest from the manifold in the furthest lateral, 97 17

Am,

S = S ceenens s (8)
Q'l"[ .

As with the lateral design, the junction and entrance losses into the
Jaterals can be ignored by maintaining Tow manifald velocities. Therefore,

combining Equations 1 and a:

M
1/2
h, + 0.21h +zaa]
M, [d ¢ =1

9 17z

o y

il
—
.
—
in
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whers AHi is the friction loss in the i manifold segqment, and M the nurber

of manifold segments. Thus:



By assuming that the lateral discharge rates are equal along the length of the
manifold and if Tosses of the manifold/lateral junctions are ignared, the
manifold diametar can easily be calculated using Hazen-Williams equation until

Equation 10 is satisfied:

M

. © L. q .85

TaH, = 471 (11)
Rl —(c 2.63,1.85

whare Li is the length of the manifold seament or lataral spacing, Qi is the |
flow rata in manifold segment i, and D the diameter of the manifold pive.
If all manifold segments are of equal length, Equations 10 and 11 can be

combined and reduyced to:

M M '
. 1.85
L Fy 4.7 L 0, = 0.1 h e (12)

1 i=1

i

where-F is a friction factor for the ith manifold segrent. By computing
F values for each manifold segment and summing them gver the length of the

man1f01d the manifold d1ameter can he quickly determined using Equat1on 12.
DESIGN CONSIDERATICNS

In-1ine Pressure

The in-line pressure at the distal end of the lazeral, hd’ is important in
the des1gn of the network. At low pressures it is not significant in the netwark
pipe sizing for level sitas but a sufficiently h1qh in-line prassure shaqu be

selected ‘o minimize the effacts of variations in the elevation af perrorat1ons
. . : * i
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that will occur constructing the system. An alevation difference of =210 gercent
between perforation EEEVatfons will result in a 10 percent difference in discharge
rates between the highest and lowest perforation. A minimum in-line pressure

of 2.5 ft (0.76 m) permits a =3 in (7.6 an) construction tolerance. However,

d
resylting in increased junction lasses and pump or s1phon capacity.

should not be axcessive because it affects the parforation d1scharge rate

Parforation Spacing

Uniform distribution can be approached best by providing as many uniformiy
spaced perforations as practically possible. Smaller diametar perfarations
permit more perforations per'unit Iendth of lateral bdt hglas smaller than
1/4 in (6.4 mm) in diameter are more likely to clog. Larger spacings between
perfarations permit Tonger latarals but spacings too great resuft in lacalized
overloading of the soils infiltrative surface. Maximum spacings of 10 ft

{3.05 m) are suggesteﬁ here byt smaller spacings are more desirable.

In bed systems ]ateréi spacings equal to the-perforation spacings are
recommendad., Parforatigns batween any two laterals shouid be staggéred sg that
they 1ie on the verticas of equilateral triangles. This arrangement will
provide the most uniform distribution of Tiquid.

Since the -laterals drain between doses, air must b; ventad from the
laterals at the beginﬁing of each dosing cycle. Ta facilitats venting, the

perforation at the distal end of each iéterai should be drilled horizontally

in the end cap near the crown of the pipe.

Netwark Canfigurations

]

Far any given absorption field, more than ane network conffguratinn may
be acceptabTe. Since uniform distribution is the cbjective, the Iatera]s may

he grianted in any dirgction regardless of the or1g1na2 S%ope of the site
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L]

4

The manifold may 5e located at one end, in.the cantar, of off-center of the
latarals as the situation demands. Central manifolds minimize lateral size
‘because lateral sizing is based in part upon the Tength qf Tateral between the
supply and distal ends. For very long narrow absorption areas, myltiple mani-
faolds may be used as Jong as the pressures at each manifold inlet are'equaE.
Equal pressures can be insured by 1inking the laterals from each manifold into
loops {Figure 2). Ihlets to the hanifq]d from the pressﬁrizatiﬁn unit are
typically ibcatéd at one end aof the manif&ld‘but they may be located at any

point along the manifold. Central inlets minimize manifold size.
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Figure 2. Looped Multiple Manifold for a Large Mound System

Leakage from the holes nearest the manifold wil} occur at the start of
each dose while the network is filling. The amount of leakage can be minimized

by locating the qutlets to the laterals at the cruwn of the manifold using

4
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tee tg tee construction (Figure 3). In this manner, the manifold will £9711
before discharging into the 1ateréls. However, provisions must be made for
draining the manifold in lccalities whera freezing is a concerm. Whers pumps
are usad for pfessurization, the manifold may be drained back into the dosing
chamber. This is impractical with large volume manifolds and impossihle

if siphons are used. In such instances, the ﬁanifu1d should be insulated

and provisions made for manual draining if éhg system is !eft'idTe far any
extanded periad of time. In systaﬁs whére tha latarals are long .in compari-
son to the manifold or where the cutlets are laocated beiow the crown of the
nanifold, dosing velumes should be made large in relation to the gipe volume

0 reduce thérsighificanca of the leakage.

PIET, PERITIOTION 1M
OF NEMS, CITwm O TR

FERFEOATIONS AT
LATEMAL TVERT
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Sloping Sitas

Special Consideration is required for sloping sites where the infiltrative
surfaces and distribution laterals are constructed at different e]evations.A The
static heads between laterals inéta]led at different elevations will vary
thereby affacting the perfaration dis;harge rates. 1If this is not properly
compensated for, unequal distribution between the various infiltrative surfaces
will result. |

If the infiltrative surfaces are restricted to only two different elava-
tions of equal loading, two separate distribution netwotks can be used with
each network receiving alternate dosas through the use of alternating pumps,
valves, or siphons. Each network is designed separately. This arrangement
prqvides the best assurance of an equal division of Flow.

[f the infiltrative surface areas are not equal ar mores than two levels
are necassary, a single network can be designed by taking into account the
differences in the total heads within each lataral {See Appendix I). However, if
the network inlet is jocated at the upsicpe end and the manifold volume is large
in comparison to each infiTtrative.surfaca, the Tower surface may receive
significantlyrmore Tiqufd‘while the natwork fs filling and draining during

each dase. The dasign should allow for this leakage. .

Siphoné or siphon breakers must be used in netﬁorks whare the low water
leval in the dosiﬁg chamber is above the lateral inverts, [f a pump without
a siphcn hreaker is used in such an instance, a natural siphoning of Tiguid out
the chamber will decur. A simple siphon break can be merely a small hole

drilled in the discharge line at the highest point in the dosing chamber.
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Casing Chamber

The dosing chamber s & c;uciaI comoonent of the netwarx design. It
mqst diséharge the appropriata velume at the required rate wi;h each dose.
Also, appurtaﬁces must be selectad carefully to insure proper and reliable
operatian. - |

The chamber must be sized for the des1red dosing volume plus a reserve
valume 1f necessary. The dostng volume is controlled by the site conditions
and the volume of plpe in tha netwark. Site'COnditions will dictate the
Frequency of dosing. Soil texture is usually used to select the prooer
frequency as indicated in Table 2. The averade, rather than peak flaw shauld
be usad to determine tha dasing volume. To minimiza the significance of
}e;kage gut the holas nearest the manifold during ij]ing, dasing Qn1unes
of five to ten times the pipe volume are suggested, but soil conditions will
contral. This volume should be in excess of any volume of Tiquid which drains

back from the manifold after each dosé.

TABLE 2. COSING FREQUENCIES FOR VARIQUS SOIL TEXTURES (U.S..EPA, 1980)

3011 Texture Cosing Frequency .

Sand , 4 doseg/day

Sqndy 1oam . 1 dose/day’

Loam - Fraquency not critical*.

311t Toam; silty ‘ i
_cTay Toam 1 dose/day™*

Clay ' Fraquency not critical™

- - .
Long-term rasting crovided by altarnating fields may be desirable.
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A reserve capacity above the active dosing volume equal to one day's
ave}age flow should be provided if single pumps are used. This will provide
one day or more for repairs with normal water fixture use in case of pump
fajlure. A reserve volume is not neededrif siphons are used because averflaws
by-passing the siphon are provided. However, high water alarms should be .
installed with siphons to alert the owner af any malfunctions.

Selection of the pressurization unit is based upon the needed czsacizy”
and the aperating head. The'cabacity is determined from the in-line prassure
and the number and diameter of perforations in the network. The pressure
and perforation diameter.will determiﬁe the perforation discharge rate
which multiplied by the number of perforations in the network will give the
needed discharge ratz of the pump. The operating head is the sum of the in-
line pressure desired, hd’ the network losses equal to 0.31 hd (see Egquaticns 7
and 10 }, the delivery losses, and the elevation diffarence between thé Taw -
water level in the dosing chamber and the lateral inverts. Pumps are selectad
based an their head dischﬁrgg curves to provide the needed capacity at the
caTcu1ated operatind head. Siphoné arerselécted bdsed on their rated capacity
‘assuming a free discharge. The siphon discharge invert elevation is established
by réising it a distance gbove the lateral inverts equai to the in-1ine oressure,
hy» Plus netwofk losses, 0.31 hy, and delivery losses.

Hecassary appurtances include level contrals for puhp systems, high
water alarm switches, and suitable access tg the pressurization unit for
servicing. Other faatures may also be desirable (U.S. EPA, 198d). Switch
selection and installation are extremely impertant because the most freguent
cause of pump.faiTure is switch malfunctions. The switchas should be seaied

from the corrosive atmosphers in the chamber and all electrical contacts and

.

%
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~ relays must be mountad outside the chamber. Provisions should be made to
prevent gases in the chamber from following the electrical conduits into the
control box. The high water alarm switch should be located 2-3 in (5-3 cm)
above the pump or siphon activation level. This switch must be on'a saparata
circuit from the pump level controis. Access for maintenance is best provided

- by a manway locatad aver the sressurization unit .

CESIGN PROCEDURE

The design of even a small prassure ¢istribution netwark cén be very
tedious. A simplified procedurs is dascribe& here using graohs, tables
and nomographs presented in Figures 4 through 11 and Tables 3 through 3.
Thesa wera prepafed using the equations presentad abaove using an arifice
coafficient, C, for sharp-edged arifices of 0.6 and a Hazen-Williams friction
factor, Ch, for plastic pipes of 150. The tables and graphs can be used
for any network configuration with design flaws up to 23, goag gpd (35 m /d).

Qesign examples illustrating this procadure are prasentad in Appendix I.

Step 1: Layout z network:

Use a manifald and lataral conf1gurat1on that will provide

un1fonn coverage cf the infiltratiaon surface.

Step 2: Select a perfnratIOn gize and spacing:
In bed systams, the perforation and Tataral spac1nc should
be equal. '
Sgep 3: Detzymine the aporopriate lataral pipe diameter cumpatible with
the chaosen perforation size and spacing:

' Usa quures 3 through 10.



Step 4:

Step 5:
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Calculate the 1atera]_diséharge rate:

From equation 1:

q= MM . (13)

whera g is the perforation dis;ha;ge rate in gpm, d’the perforation
diameter in inches, and hd the distal in-line pressure in ft.

Taple 3 presents q for variocus in-line pressures‘in place of

using Equation 13. The 1atefa} discharge rate is q times N, the

number of perforations in the lateral.

Calculate the approprﬁate manifold size based on the number,
spacing and discharge rate of the Taterals:

Detarmine the flow in each manifold segment by adding the
discharge rates of the laterals downstream of the segment and
calculate the Fi values in each manifo}d sagment. Values of Fi

can be taken from Table 4 or calculated using :

where Qi is the manifold flow in gpm. The manifold diameter,

DM’ can then be computed using:
M 0.21

- M7 T

where f is the fraction of the total headless desired in that

manifold segment or series of manifold segments. Ta maintain
less than a 10 percent head loss, f must be less than or aqual
to 0.1. (This is used to design talescoping mani folds as

i]lustrated in Appendix I.) If the manifold is to ‘be a uniform

_sizé thraughout the network, Table 5 can be used to select the

1




Step 6:

Stap 7:

© Step 8:
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appropriata manifold diameter basad on the lataral spacing and’

Tateral discharge rate.

Determine the dase volume required:

The minimum dose volume is based on the pipe vdlume. it
should be five to ten times the network pipe valume to minimfzg
the significance of Teakage auring filling and draining of the
network. The nomograph in'Fiéure 11 can be used to calculate this
volume. If the crown of the manided 1ies below the lateral
jnverts, the manifold pipe volume does not need to be in;Tuded.
If this is not the case, however, the nomograph can be used to
determine ‘the manifold volume as well.

The required dose volume is caleulated by dividing the
average daily flow by the desired dosing frequency (Table 2).

If the minimum dose based on pipe volume is larger than the
required dose based on dosing frequency, a different network may

have to be designed to reduce the pipe valume.

Ca]cu]até the minimum pump or siphon discharge rate:
This is found by summing the perforation or Tateral dis-

charge rates. ,

éﬁ1culate the total friction losses:

The total friction losses are the sum of the losses in the
delivery Qipe and the network losses. Using the minimum discharge
rate computed in Step 7, detenniné tha friction loss in the
delivery pipe between the dosing chamber and the network inlet.

This can be calculated using the Hazen-Williams equation:



Step 9:

Step 10:
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3.55Q, 1.85

Friction loss = Ld E_E_?TE§ .................. (16)
h“d

where Ld fs the length of the delivery pipe from the dosing
chamber to the network inlet in ft, Dy is the p{pe diameter in
in, and Qm the discharge rate in gpm. [f the delivery pipe is
plastic (€, = 150), Table 6 can be used. Add to this the network

losses which are equal to 1.31 hd'

Select thé:pressurization unft;

Pump selection is based on the pumping head and discharge
rate required for the network. The static 1ift, the difference
in elevation between the low water level in the dosing chamber
and the Tateral inverts, must be added to the friction losses
computed in Step 8 to obtain the total pumping head. Using the
head-discharge curves supplied by the manufacturer, a pump able
to efficiently discharge the minimum rate or more from Step 7 at
the total pumping head is selected.

Siphons are selected based on the manufacturers stated
average discharge rate for free discharge. This rate must be
equal to or greater than the minimum discharge rate of the network.
To fﬁnction properly, the siphon discharge invert must be elevated
above the lateral inverts a distance equal to the friction losses
estimated in Step 8. The delivery pipe frcm the siphan should be

one nominal size larger than the siphon to facilitate air venting.

Size the dosing chamber:
The volume of the chamber {s determined by-the dosing volume

computed in Step 6. If a single pump is to be used for préssuri-

" zation, an additional storage volume equal to one day's average

4
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flow should be provided betwean the high Qater aTarm switch

and the chamber inlet invert.

CONSTRUCTION AND MAINTEHANCE

The networks are usually agsembled at the job site. However, drilling
of the perforations is best doné in the shop using a dri11‘press to insure
the hole axes are parpendicular to the pipe centerline and that all Ho]es Tie
gn the pipe invart, After drfT1ing, any burrs left around the.holés inside
the pipe should be removed. ‘

[f the septic tank and dosing chamber are properly mafntained, the
netyork should require 1ittle maintenance. The dcsfng chamber should be
inspected regularly. Switch operation should be testad and pump or siphon
operation observed. The baottom of the chamber should be pumped whenever
the septic tank is pumped. If solids do emter the network and plug the \

- laterals the ends of the Taterals can be cut and the lines rodded and flushed.

The ends can be replaced with a sTip coupling and solvent weld joint.

DISCUSSION

The use of pressure distribution networks has been limited primarily to
mound systems and lérge soil absorption fields. Their use is greatest in
Wisconsin where-the networks were first developed. Most of the netowrks are
used in individual home systeﬁs but several large networks are employed in
community and commercial systems designed for daily flows up fc 30,000 gal
(113,440 I.). The length of service of.these_systems ranges from 9 years for
the individual mound systems to 4 years for the large networks.

Experience with the networks has been good. Lfmited monitoring suggests

that this method of distribution retards development of a clogging mat at the

s0il's “infiltrative surfaca, Excavation of saveral systems did not reveal
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signs of a clogging mat even after two years of continuous operation. Mechanical
failures have been infrequent. Of more than 500 networks in use in Wisconsin,
less than 10 have malfunctioned, none employing siphans. Pump switch failure
is the most common problem resulting in pump burnout. High quality corrosion
proof switches have corrected this problem. In two other networks, the perfofa-
tions have plugged. The perforation diameters were 1/4-in (6.4 mm) in both
networks. In each case, the problem was traced to inadequate septic tank
maintenance or design. One system serves a butcher shop in which-tﬁe waste

has a high grease content. The grease pasged through the septic tank and into
the distribution network where it plugged the laterals. More frequent septage
removal has corrected this prob1eh. The other system serves an office building.
In this netowrk, the perforations had become plugged with fibers and adhesive
stripé from feminine hygiene products. Chambered septic tanks and mors fraguent
septage removal have correctad these problems.

It is not expectad that pressure distribution networks will replace con-
ventional designs. However, they are recommended for use in very rapidly
permeable sbi1s, 5011s with shaIEow-restrictﬁve horizons as well as mounds
and large absorption fields. Tﬁe'simp1ified design prdcedure presented‘hefe

should remove one of the obstacles to their more widespread use.

]
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Table 3. Perforation Discharge Rates in Gallons per Minute Versus Perforation

Diameter and [n-Line Pressurs {1 in = 25.4 nom, 1 ft = 0.305 m,

1 gpm = 0.063 L/s)

Perforation Diameter (in)

In-Line

Pressure :
(ft) 174 5/16 3/8 7/16 172 9/16 5/8

------------------------------ gPM ==mmmmmmmo==vmemmmmoooeomsmomssos

1.0 0.74 1.15 1.66 2.26 2.95 3.73 4.50
1.5 0.90 1.41 2.03 . 2.76 3.61 4.57 5.64
2.0 1.06 1.63 2.34 3.19 4.17 5.27 §.51
2.5 1.17 1.82 2.62 3.57 4.66 5.90 7.28.
3.0 1.28 1.99 2.87 3.91 5.10 5.46 7.97
1.5 1.38 2.15 3.10 4.22 5.51 6.98 8.61
4.0 1.47 2.30 3.31 4.51 5.89 7.46 9.21
4.5 1.56 2.44 3,52 4.79 6.25 7.91 9.77
5.0 1.65 2.57 3.7 5.04 6.59 3.34  10.29
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Ch = 150) Yarsus Flow Rate and Pipe

Friction Lasses in Plastic Pipe (
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APPENDIX I - DESIGN EXAMPLES

Examplé 1: Level Site

A pressure network is to be dasigned for an abscrptian field ceonstructed

in sandy loam soil. It is to racaive an average flow of 250 gpd. Tha fiald

cansists of 5 trenches each 3 ft wide and 40 ft long spaced 9 ft an center.
The dosing chamber is located 50 ft from the first lataral.

Step 1: Layout network

Two layouts would be sﬁiﬁabie for this system. The distri-
bution laterals can be fed éither by an end or a central manifold.
With an end manifold, 5 laterals are required, while a central
manifold requires 10 laterals (See Figure I-1). An end manifold

will be usad in this example.

f'iu;&aé'h§£1§;:;;T
1 peTWORK WNLET
ADSCAITION TIRINGH - -
P AL \
%L[ R I
N . ) nuﬂrcxb\\\;N
T PERPORSTED LATERAL
7;'{ ' . - : al
— ]
} - L,,c:nTer rMAIFaLD .
T.t.'(v : = ! .
b s - . i ol l" J
! { :
- 1 |
,4_. - -
= . —
' ! 1 .
T : | )
e + 1
1 —_ o agt o mmm—— ——

“Tigure 1-1. End and Central Manifald Confiauretions for a Trencn System



Stap 2;

Step 3:

Step 4:

Step §:

-2

Salect perforation size and spacing

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

To provide the most uniform effluent application aver the
tranch bottom, the first and last perforations in the iateraT will
pa lacated ona-half the perforation spacing from either end of
the trench. Therefore: _ |

Lataral Length = 40 ft - 1/2 x 2.5 = 38.75 ft
From Figure 4 (for 1/4-{n diameter perforations), the minimum
lateral diameter for a 38.75 ft lataral with a 2.5 t perforation
spacing is 1 1/2=in,
Calculate the lateral discharge rate

A minimum in-Tine pressure of 2.5 ft is desirsd. From
Table 3, a 1/4-in perforation will discharge 1.16 gom at this
prassure.

No. of Perforations/Lataral = %23____, 168 perforations

Lateral Discharge Rate = 156 x 1;16 = 17.5 gom
Calculate the manifold size !

The manifold diametar is to be uniform along its Tength ta
simplify constructian.

Manjfold Length = ¢ x § = 36 ft
From Table 5, an end manifold with lateral discharge rates éf

17.5 gpm and lateral spacings of 3 ft can have a maximum Tength

of 20 ft for a 2-in diameter or 43 ft for a 3-in diameter.

Therafora a 3-in diameter is necassary.

17



Step 6B:

Step 7:

I-3

fetermine dase volume

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

inverts and the manifold drained back into the dosing chamber

at the end of each dose. Therefﬁre, the minimum dose volume is .
based on lateral pipe volume only. Using the nomograph in
Fioure 11, 2 siraightedge is placed at 38.75_ft on the Latera1‘
Length scale and at 1 1/2-in on the Lateral Diameter scale. The
straightadqarcrosses the Lateral VYolume <cale at about 3.9 gal.
Maintaining this point on the Lateral Yolume scale, the straight-
edge is rotated to align with 5 an the Numper of Laterals scalé.
The straightedge crossés the Toral Pipe Yolume scale at 17.5 gals.
A minimum dose volume of 5 +o 10 times the total pipe volume or
30 to 175 gal should be used. |

"~ The required dosing fraquency taken from Table 2 is 1 dose/day

for sandy loam. Therefore:

250 gpd

Required Dosing Volume = 3 3 = 250 gal/dose

ose/day

The minimum dﬁse is less than the required <g the netwerik 1is
catisfactory. Since the manifold will drain back to the dosing:
chamber, the dose volume must be increased in volume equal to
that in the ﬁanifold and delivery line. If a 50 f£ 3-in delivery
1ine is used, the yolume increase is equal to 50 ft * 36 ft or

a6 ft of 3-in pipe. Using rhe nomograph in Figure 11, this

volume is detarmined to be approximately 32 gals. Therefore,

fosing Valume = 250 + 32 = 282 gal
calculate the minimum discharge rate

Minimum Discharge Rate = 17.3 % 5 = 87.5 gpm
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Step 8: Calculata total friction losses

From Tahie 6&:

Delivery Losses = 1.64 £/100 ft™.x 50 ft 0.82 ft

*(50 ft of 3-in pipe at 87.5 gpm)

Total Network Lasses = 7.31 hd = 1.37T % 2.5 = 3,28 ft

Total Lossas 4.10 ft
Stan 9: Select cressurization unit
In this instance, a pump is to be ﬁSed.
Total Pumping Head = Static Head + Friction Logses.
" If the low water level in the dosing tank is § ft below the
lataral inverts, the total pumping head is:
5 ft + 4 ft {friction losses frﬁm Stap 8) or 3 ft.
Using head-discharge curves provided by manufacturers, a pump
able to discharge at Teast 80 gpm against 9 ft of head is
salacted. | '
Step 10: Size the doSinglchamber
Sinca only gne pump ié to be u;ed. 3 resarve vqumé aqual to
one day's averaga flow 1s necéssafy in case of bump failure.
Tyerefare. a volume of 280 gals (dose volume) + 250 gals (avarage
_.dai]y f1cw) or 530 gals must be provided between the pump of £
switch and the dosiﬁg chamber inlet invert. (The high -water

alarm switch is locatad just above the pump cn switch.)

Examplae 2: large 8ed System

A pressure network for an absarptian field sarving a small cemmunity is ta
be designed. The fiald is to te 3100 ft x 130 ft bed constructed in a sandy

% ) > .
soil receiving an average daily flow of 15,000 gals. The dosing chamber is to



be Tocated 200 ft from the network iniet.

Step 1: Layout network

A central manifold configuration is selected as shown in

Figure I-2.

: l sEvERY Lag
{

NETWCIRR, 1T

.
100" -

- P_—g-%aﬁ"‘ 5
;;r&§§3ﬁs; ‘-'- : .
lt;h"bi-a :‘-;q-%“ 2 F-“" ot “qm )

-

Figura I-2. Central Manifold Network Configuration For a Commun1ty -Sized
Ahsorotion Field {Example 2).
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Stao 2:' Select parforation size and spacing
Parforations are to be 3/8-in diameter soaced 3 7+ acart.
The pérfnrations are to-be staggerad between laterals to pravide
mare uniform distribution (Figure I-2). /
Step 3: Select lataral diameter
From Figure §: 2-in laterals fequffEd-.
3zan 4: Calculats the lateral discharge rata

A minimun in-line pressure of 2 ¥t is usad. From Tagls 2:

Perfaration Oischarae Rate = Z.34 gpm

No. af Perforations = j%L = 13

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

Stap 5: Calculata Manifold size

This network is too Targe to determine the manifold size
from Table 5. Therefore, the Fi values from Table 4 or cai-

culatad fram Equation 14 are used.

Nﬁmher of Manifold Segments = lgg-- 1 = 19 segments

’
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Table I-1. Results of Calculations to Determine Manifald Segment Diameters

Seqment Qf F IE. ?m Seqment Qi P TE. ?m
No. (gpm) i i {in) No. (gpm) i i (in)
1 60° 1.91 1.91 1 660  161.2  704.99
2 120 - 6.88 8.79 4.98" 12 720 189.4  8%4.39 9.02
3 180 11.57  23.36 13 780 224.9  1119.29
4 240 24.81  48.17  6.15 e 840 251.9  1371.19  9.55
5 300 37.49  85.66 15 900  286.1 1857.29
6 360 52.53 138.19 7.05 16 960 322.4  1979.69 10.04
7 420 §9.86 208.05 17 1020 360.9 2320.59
3 480 89.44 297.49 7.80 18 1080 401.1 2741.49 10.48
9 540  111.2  408.19 19 1140 443.2  3184.89 10.70

10 600  135.7  543.79 8.44 Inlet 1200 - - -

42 laterals

x 30 gpm/lateral

O rom Equation 15 -

Allawing 0.1 hd loss of head in the manifold, the necessary

manifold diametar can be calculated using Equation 15.

{- M ]0.21

LIF, l 0.21
L0 1=] _].5 x 3184.89 ISP .
Dm LO.] hd_{ '[0.3 X 2 } = 10.7-in or 12-in

By this method 2 12-in manifold would be required.

A unifarm sized manifald is net netessary. To save expense
and to provide more uniform distribution by reducing the difference

between Tateral entrance losses,the manifold sheould be telescoped

to smaller diameters downstream. The same method as above may be

. used to determine the praper diameters for each segment if thé

allowable headlass in the manifold is Essumed to be lingar along
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its length. Making this assumption, sach sagment may account

T

Q.1 h, of the manifold friction loss. Calculatad diametars

for —Tg— d

of the aven numberad sagments appear in Table [-1. For example,

the diameter feor sagment 2 1s:
g.21

5x 8731 - 398 inoréin

Tl P A R
2% —Tg x 2

from Table 1-1 the nominal manifold diametars zpra galactad:

Manifold segments: -3 6-in
4-8 B8-in
g-16 10-in

16-19 12-in

L

Stan &: Cetermine dose vaolume

The crown of the manifold is to he located nelow the Jateral
alavation. A manual drain yalve will be jnstailed on the manifald

+o drain the manifold when the networkrié‘out af sarvica. Fram

Fiqure 11:
Minimum Jose Yolume = 10.5 gal/lateral x 40 x {5 to 10) =
2100 to 4200 gals

From Table-2:

' . - 15,000 gpd . .
Required Cose Volume = 7 gsa/day 3750 qa!s

‘This is satisfactory.

grep 7: Calculate tne minimum discharge rate
Minimum Qischarge Rate = 30 gpm/ Tatsral x 40 3 1200 gpm

Stap 8: Calculate tgtal friction 1osses

Frogm Equation 1€

1.85
Dalivery Losses {200 ft of 12-in) = 200 x 3.55 & 12305;X
. 150 x (12}°° _

- ' = 0.55 ft
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Total Losses = 3.17 ft
Step 9: Select pressurj;ation 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 abave the\]étera]
inverts.
Stap 10 Size the dosing chamber _
Ardosing volume of 3750 gals is to be used. The siohan
has a 30-in draw. MNo reserve volume is necessarylsince the sichan
has an ovarflgw. A high alarm switch is-necassary, however to

alert the owner to an overflow condition.

Example 3: Sloping Sita

A pressure network for a series of absorption trenches constructed
on a slaoping sita is to be qesigned. The system is to receive an average flow
~of 200 gpd from a 4 badroom home {(peak flow =_150 gal/bedroom x 4 = 600 gpd}.
;Five trenchas of uneaual Tengths ars to be excavated at different alevations
as shown in Figure I-3. The elévations of the distribuﬁicn~1atera1 inverts
are to be as follows: - o . ' !
" Lateral 1: 873.0 ft
Lateral 2: 873.5 ft
Lateral 3:. 874.0 ft

‘lLatarals 4 & 5: 874.5 ft.
Laterals 5 & 6: 875.5 ft
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Figure [-3. Network Layout for a Trench Syste& on a Slaping Site

(Example 3) _ o -

Step 1: lLayout network
| A layout as shown in Figqure [-3 is selected to canform to
the trench layout. - ‘
Step 2: Salact the perfaration size and spacing '

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

. A perforation diametar of 1/4-in ii galected with a maximum

enzmina A€ § F+_ Sinea the lateral at the lowest elevation will



static head, the m&ximum“Spacing is to pe used in'this lateral.
To datermine the spacing for the remaining laterals, it is
necessary to compute the fraction of the dgsage rate that is
directed 1qu_each Jateral to provide uniform distribution.
Knowing this and the in-line pressure, the perforation- discharge
rates can be determined for each lateral and thence, the perfor-
ation spacing.
To calculate the Tateral'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 upper most lateral must be selected,
Then the minimum 1n-11ne'pressure in the lower most lateral is equal
to the minimum in-line pressure in the uppermost lateral plus the
alevation difference between the two laterals Tess the upstream
manifold losses. Therefore in Lateral 1:

Minimum In-Line Pressure =

2.5 + (875.5 - 873.5) - (3 x 0.1) x (2.5) = 4.75 ft
From Equatien 13:
perforation Discharge Rate = 11.79(174)2(4.75)'/% = 1.60 gpm

Lateral Discharge Rate = ——%?— x 1.6 = 24 gpm

Knowing that the ratio of the lateral discharge rates ta the
total trench loading in each trench must be equal to maintain
uniform distribution, the remainfng lateral discharge rates,
in-1ine hressures, and perforation discharge rates éan be calcu-
_ latad (See Table I-2). The perfqrationrspacing is determined

" by first dividing the lateral discharge rate by the perforation
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discharge rate to obtain the number of perforations per Tatéra?
and then dividing this into th§ trench length. Table I-2
presents the results of these calculations.
Stap 3: Select lataral diameter |
Figure 4 is used to select the Tateral diameter. The
‘diameters obtained from Figure 4 appear in Table 1-2. To reduce
the number of different pipe diameters, larger nominal diameters
may be ultimately 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 of this example. See Table [-2.
Step 5: Calculate the manifold size
| The manifold is to be a unifbrm'diametgr throughout.
Manifold Length = 4 x 10 S0t
Since the lateral discharge rates vary, Table 4 is used to make -
this caleulation:

Manifold Accumulative

Seqment Flow £
No. gpm - i
1 24 0.35
2 40 0.90 '
3 &4 2.15 .
4 89 4.82

TOTAL 8.22

i 0.21
,‘10 x 8.2 I - .
Dm T 3.38 in or 4 in

Step 6: Determine dose volume
Since the manifold must fill entirely bafore the upper latarals

-are filled, the lateral and manifold pipe volume must be included

in the calculation of the minimum dose yolume. Figure 11 is used
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Step 7:

Step 8:

Stap 9:_

Step 10:

to make this calculation.

Lateral Volume: 275 ft of 1 1/2-in
75 ft of 2-in = 12

#
(]
o

[Ta}
[-1]
—
w

53 ft of 1-in = 2
Manifold Volume: 40 ft of 4-in = 26
go gals

Five to 10 times the pipe volﬁme gives a minimum_dose valume
of 330 to 660 gals/dose equal to about 1 dose per day. If a
330 gal dosa is used, at average daily fiow 1 dose wi!1 occur
every 1 1/2 days. This is satisfactory. '
ﬁa1cu1ate the minimum discharqe_rate

This is the sum of the lateral discharge rates equal to
128 gpm from Table I-2.
Calculate total friction losses

From Equation 16:

. 1.85
Delivery Losses = 20 x[g_s_s;_;_g%] 0.18 t

[}

150 x 4%-8
Network Losses = 1.3 x 2.5 = 3,25 ft
Total Losses = 3.43 ft

t

Select pressurization unit
- In this casae, a siphon can be used. 1t would be selected
on the basis of the average rated discharge. The discharge
invert Q0u1d he sat at a minimum of 3.43 ft above the uppermost
lateratl 1ﬁvert.
Size the dosing chambér

The draw of the siphon and size of the dose salected,

330 gal, is sufficient to size the dosing chamber.

%
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APPENDIX III - NOTATION
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following symbols are used in this paper:

']

1]

1)

[}

Tateral cross-sectional area
orifice goefficient
Hazen-Williams friction factor

lateral pipe diameter

delivery pipe diameter

manifold pipe diametar

friction factor for ith manifold

segmeant

friction headloss in i
manifold segment

th

lateral spacing
length of delivery pipe

,th

Tength of i manifold segment

number of laterals

number of lateral segments
or perforations in lateral

flow rate in ith

sagment
flaw rate at manifold inlet

@gnifoid

flow rate in jth Tateral segment

hydraulic radius

flow velocity in'jth lateral
segment

perforation cross-sectianal area
perforation diameter
acceleration due to gravity
in-1ine pressure in lateral
sagment j

in-line prassura or head

in=line pressurz at distal end
of latesral

perforation entrance headloss

friction loss in jth lataral

= perforation discharge rate in N

in-1ine pressurs change across
the jth perforation

lateral sagment number
manifold segment number

perforation spacing of lenath of
lateral segment

length of jth lateral seqment

perforation discharge rate in jth

lataral segment

perfaration discharge rate in Nth

lateral segment
th

lateral segment of MEN Tateral
(nearest perforation to network iniet)

flow_velocity through perforation
in j lateral seqment

entry loss coefficient
entry loss coefficient



