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DESIGY oF CONVENTIONAT, SOIL ABSCRPTTON TRENCHES AND BEDS

were able to install Presswrized water systems in their homes and the use of
modern indoor Plumbing becama commonplace. With 1o severage available, how-
ever, the generated w&étewater created g disposal Problem, Cesspools were
generally used byt subsurface irrigation systems, the forerunner of today's

fashion. The Joints were covered with tap Parper hefore backfilling. No
aggregate vas useq. 4 drain tile length of 12 m (Lo ft) per person was con-
sidered Sufficient despite the different soil conditions encounterad though
Some health departments Suggested that in "dense" soils the trench be exca.
vated somewhat deeper and wilder ang the bottonm f1lled with coarse aggregate
before leying the tile (Fish, et a3, 19243 Frank ang Rhymus 1920; Frazier

common. Thege cencerned Henry Ryon of the New York Health Department-Because
of the potential Public health hazards they created, He felt better design

recommendations for absorption area required per Person versus the measurad
Percolation rate {Ryon 1928; Federick 1948).  gmig recommendations assumed g

Ryon's method improved thae berformance of septic tank Systems and was quickly
adopted throughout much of the United States. Fallures still occurred, but

ges
Incidences of widespread failures wera reported which became & concern becayse
0f the health hazards ang nuisances they c¢reateqd, The number orf failures
indicateq that on-site dlsposal systems were poorly understaod, Responding
to the neeqd for improved Practices, the federal government funded extensive

The authors aye: R.J. 0718, Sanitary Engineer, Dept. of civii and Environ-
mental Engineering, University of Wisconsin-Mndison; G.D. PLEWS, R.S., Pro-
gram Masnager, On-Site Wagtae Program, Washington State Dept, of Social ang
Health Services, Olympia; D.H, PATTEHSON, Division or Sanitamr Engineering,
State or Indiana Health Dept. , Indianepolis,
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studies or septic tanic Systems by the Publie Fealth Serrice (Weibel, et al,
1949, Bendixen, et al. 1550; Weibel, et a3, 1954) and the University or
California (Winneberger, et al. 1960; McGauhey ang ¥irnebergar 1965}, ma
results of the studies culminated in the writing of the Manual of Septic Tank
Sractice firgt published by the U.s. Public Healty Servrice (USPHS} in 1957
and revised in 1967. The Manual made recommendations for improved practicas
ineluding a standardizaqg Percolation test Procedura, consideration of Other

(USPES  1967) Proved edequate in mogt cases, However, cases of contaminateqd
wells freom inadcquately treateqd septic tank effluent (Wew York Department of
Health 1969; y.s. Federal Watepr Pollution Control Agency 1961) ang nutrient

three objectiveg: (1) absorb aj1 effluent generated, (2) provide g high level
of treatment bafore the effluent reaches the groundwater, and {3) have a long
useful lifa.

must be considered include:; (1) the bydraulic conductivity characteristics eof
the soil, (2) the unsaturated depth of the 5011, (3) the depth to bedrock,

) the bedrock Characteristics, {5) the landscape Position, (6) the slope of
the land, ang (7) the Droxmity tg surface waters, wells, rosd cuts, buildings,

are those witp soils having Percolation rateg of greatar than zere byt less
than or equal to 24 nin/em (60 min/in) with a vertical separation between the

located an leval or gently sloping sites awvay from bases of slopes or depreg-
sions, and far from surface waters, wells, buildings, ate, Rach gf these
7).

When wastewater ig continuously applied to the soil, a clogging mat usually
forms at the infiltrative surface, The mat creates a bharrier to liguiq flow,
restricting the movement of watep into the soiz by closing the entrance to tha

Sizing the Infiltrative Surface

Loadin Rates: Direet Leasurement of how the soil will respond +o continuous
Wastewater loading cannot be done Practically, 71+ requires that flow through




114

tnsaturated soil be prediected. While a £ield method hasg been developed to
Zeasure the unsaturated hydraulic conductivity of soils directly {Bouma angd
Denning 1972), it is a complex technique which takes some time to run by a
highly trained technieian., It is not intended to be run at every site.
Instead, a simple, short term test ig Preferred.

The test most commonly used is the Tercclation test. This test attempts to
neasure the saturated conductivity of the soil from which the required infil-
tration area is determined empirically (USPHS 1967). This test has served
well but it has a high degree of variability (Bouma 1971; Healy and Laak 1673,
Winneberger 197L), In one series of tests run at the same site by the same
~echnician, variability was shown to be as much as 90% {Roums 19T1}. If the
Percolation rate is the sole criteria used for sizing, failures mus* be ex-
Dected when the variability can be thisg great.

‘Modifications of the pPercolation test have been tried to reduce variability
but they have met with little success (Bendixem et al. 1950; Boums, et al. 1972,
Weibel, et al. 1949, 195k, Winneberger, et al. 1960). Other attempts have
been made to correlate loading rates to specific soil Droperties, such as the
saturated permeability (Healy and Laak 1974%; Bouma, et al. 1972) or soil tex-
ture sieve analyses (Norwegian Department of the Environment 1975), but while
these may reduce the variability of the test, each still rely on an empirieal
relaticnship to arrive at an acceptable loading rate. Saturated hydraulie
conductivity tests do not reveal how the soil will conduct wastewater under
Prolonged loading because once the clogging mat forms, liquid movement below
the system is through unsaturated soil. Direct correlation of saturated to
wsaturated conductivities is not possible because soils with the same gatu-
rated conductivitiaesg may have different unsaturated conductivities dye to
differences in texture, structure and minerclogy. Soil texture sieve analy-
ses also give limited insight to the bercolative capacity of the s0il because
structure and minerology are ignored.

With no reasonably simple alternative to determine the equilibrium infiltra-
tion rate of soils under wastewater application, the percolation test con-
tinues to be favored. However, other informstion such as soil texture and
genesis should be used to supplement and confirm the test.

Equilibrium infiltration rates through elogged soil surfaces heve been measured
by different methods. When they are compared, they are found to differ little.
Table I presents recommended rates for sizing the infiltrative surface from the
Manual of Septic Tank Practice (USPHS 1967), Healy and Lask (1973) ang Boums, :
(1977). The Manual of Septic Tank Practice correlated percolation rates .
measured in adjacent soils with the known loadings of existing soil absorption :
systems. Healy and Laak used a flow net analysis with the saturated hydraulie
conductivity of the soil and depth to groundwater ag kmown inputs. However,
to make this analysis they had to assume the water table would rise to the
bottom of the absorption system upen loading. This condition should not oceur
in & properly Tunctioning system. Bouma (1975) measured soil moisture poten-

adjacent soils. 411 investigators studied soil absorption systems receiving
household septic tank effluent., Most were continuously ponded. Also it
should be noted that these loading rates are based upen household wastewater
discharged from an adequately sized and maintained septic tank, Differenﬁ
wastes and different loading regimes may require that different loading rates
be used from thoge recommended in Table II. For example, restaurants angd

quire more absorption sres than domestic wastewaters while dosing and resting
loading regimes may permit the field size to be reduced. These gre areas of

There are some discrepancies between investigators. Bouma (1975) recommends a §
higher loading rate in siit loams and porous silty clay loam scils than the :
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Tabla T, Comparison of icading Ratesg Suggested by Different Investizators

Suggestad Loading Tateg for Bottem Area

Healy & Laay
(1973}
Percolation [#rom Mackmes en
Rate So1l Textire G3PES (1967) (1975)] Boums {1377)
dn/em (min/in) e om/ day (gpd/:t‘?)«-—--_.---—--
<g.2 {<0.5) Coarse sand, grave: 8.5 (2.15}
5.0 (1.2)

0.2-2 {9.5.5) Mediuy gang j.o (1.2) 5.4 (1.3)

2.4-8  (6-15) Fine sand, sandy loamse 3.5 (0.8} 3.5 (0.8) 3.0 {o.7)

6.4-22 (16-30) Loans, poreus g1t loams 2.5 (0.8) 2.0 {9.ks)

3.0 {1.2)

12.%18 (Mn-ls5) $ilt loams, porgus 811ty clay loams 2.9 (0.5) 1.6 {0.28)

18,424 (L6-60) Clays, compact s11+ loams ang silty

clay loams 2.0 {0.u5) 1.4 (0.33) 0.5 (0.15)
Table T, Suggested Loading Rates for Soil Absorotion Systems “prom
Literature Revieyn {After Mackmeier, 1975)
Suggested Loading Pates for Botiom Arms from Litarsture?
Percolation Beds Trenches
Rate Lepth of rock bhelow distribution ripe
@ {inches) .

15 (6) 0 (12) ks (1g) 80 (2u)
min/ineh en/day (gpa/ee?) -—
1/2 or legs Not suitable for adequata Vastewater tresmtmens
2 <« 3 5 {1.z0) 5 (1.20) 8.5 {150} 8 (1.89) 8.5 (2.20)

6 - 15 3.5 (0.80) 3.5 {0.80) L.5 (1.00) 5 (1.20) 5.5 (1.30)
16 - 130 2.5 (0.50) 2,5 (0.560) 3.5 (0.79) Loo(o.90 4.5 (1.00)}
1 - s 2 ({0.50) 2 {0.50) 3 {o0.85) 3.5 (0.75) 3.5 {n.85)
bs - &g 2 (0.L5) 2 (0.L45) 2.5 {0.55) I (c.70) 1.5 {o.75)

® Based an 150 £pd/bedroon

ab
Bouma alsgo recommends a mych lower loading rate ip the clays and clay loam
of the

Soils., It ig apparent more definitive work is needed to establish aceurate
design loadings in the finer textured soilg. Until such work is done,
Machmeier (1975) suggests the design loadings bresented in Table IT be used
based cn hig review of the literature,
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minizunm Percolation rate should be set to protect ground and surface water
quality, but Presently there ig oo 1ittle daza to be conclusive as to what
this minimum should be.

Factors of Safetv: It ig common practice to size the infiltrative surface
directly from the measureqd Percolation rate, For example, to size g 8ystenm
Tor a household in a soil with a percolation rate of 12 min/om {30 min/in},
the Manual of Septic Tank Practice (USPHS 1967) recommends an absorption ares
of 22.8 m= (250 £t2) Per bedroom. This ig based on a waste filoy of S68 /4
(150 gpd) per bedroom assuming two occupants per bedroom esch generating 284
L/a (75 gpd). Whnile it is often good practice to size the disposal system

that individuals generate 150-190 L/a (%0 to 50 gpqg) rather than 284 L/g (75
&pd) when using conventional Plumbing fixtures (Bennett, et al. 1975; Cohen
and Wallman 197h; Siegrist, et a1, 1976}, Therefore, the assumption that 284
L/da (75 gpd) is generated per capita provides g 1.5 factor of safety for waste-

dent on the number of bedrooms which provides another factor of safety., These
factors or safety multiply in the design. In the above example, the tota]l
factor of safety ig L5 (1.5 3) for a couple occupying a three bedroom home
vhile it is only 1.5 (1.5 x 1) for a family of 6 in the same house.

A better methog of sizing woulg be to apply an appropriate faector of safety
after the fis1d4 has been sized, Using the soil's‘equilibrium infiltration
rate for septie tank effluent and an accurate estimate of the maximum daily
vastewvater volume that can pe generated by the fixtures installed in the
building, the absorption ares can be sized ang then enlarged or reduced hy
applying an appropriate factor of safety. 1If designed in this manner, allow-
ances for differences in Plumbing fixtures used, the potential use of the
building, ete., could easily be made. This would permit a seasonal resort
restaurant, for example, to have g smaller abhsorption system than a similar
size restaurant located at an interstate highway exchange. While the seating
capacity may be the same, +the potential use ig much differant, The differenas
in use could be reflected in the factor of safety applied. Such factors of

Administratively, this method could pose problems unless a table of safety
factors was prepared for different categories of establishments by the regu-
latory &gency. Such a table would be similar tq the table of wvastewater

of restaurants, for examnple, the &roup could be divided into cafeterias,

Bottom vs. Sidewall Ares: Both the horizontal bottom area and vertical sige-
walls of a subsurface soil absorption system can act ag infiltrative surfaces
for wastewgtey absorption. When 8 system is first put into operation the
bottom ares is the only infiltrative surface. However, after g Period of
wastewater application, this surface can become cloggad sufficiently to pond
liquid above it, at which time the sidewalls beccme infiltrative surfaces.
Because the gradients and resistances of the clogging mats at the two surfaces
are rarely the Same, the infiltration rates will be different. Which surface
would have the greatest infiltration rate will depend on & number of factors.
Vertical ang horizontal hydraulic conductivities ang gradients in the soil,
clogging mat resistances, ang 501l moistyre contents of the surrounding soil
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are factors that wilr 2ffect the diraction end rate of liquid movement through
the soil. Thus, the mors significant infiltrative surface may vary with tipe
and bYetween si<tas. The objective in design, therafore, is to maximize the
area of the surface expected to have the highest #low rata,

Based on investigations done at the University or California in Berkeley,
MeGauhey and Winneberger (1965) concluded that the sidewall is .. L ey

far the most eflective infiltrative surface." They reasonad that {1) sus-
Pended solids in the effluent do not contribute to sidewall clogging,

{2) rising angd falling liquid levels within the system allow alternate loading
and resting of the surface vhile the bottom is continuously inundated, and

(3) sloughing of the clogging mat can oceur during resting periods. There-
fore, they recommend that subsurface soil absorption systems should Provide a
maximum of sidewall surface per uni+t volume of effluent and a minimm of
bottom surface. :

Sidewall ares ig included ag part of the total infiltrative surface in many
regulatory codes. The Manual of Sevtic Tank Practice (USPHS 1967) recognizes
the contribution by the sidewall but recommends the bottom ares as the prin-
cipal infiltrative surface. A statistical allowance for tha sidewall is
inecluded in the recommended hottom ares Der bedroom assuming a 15 em (6 in)
vertical sidewall (See Table I). 1If deep trenches are used the USPYS statis-
tical allowance permits a reduction of the total bhottom area by a factor
determined by the relationship: '

Percent of length of standard trench (15 cm [6 in] sidewsll) =
W 2 (1)
w+ l+2 1
where w = the width of
distribution pipe. While this gives credit for sidewall absorption, it

The extent to which the sidewall becomes an infiltrative surface would depend
upon the Prevailing hydraulie gradients which ig largely determineqd by the
soil type and soil wetness swrounding the system. At the bottom surface,
gravity, the pressure of the ponded water above, -and the metric potential o
the s0il below zl] contribute to the total hydraulie Potential of the liguig
while at the sidewall, gravity is eliminatad since it operates vertically
only and the bressure potential diminishes to zero at the liquid surfacs. In
temperate climates, frequent rainfzll Particularily inp the spring and fali may
reduce the matrie Potential at the sidewall +o low levels due to Percolating
precipitation. During such times, the horizontal gradient could be signifi-
cantly less than the vertical gradient with the effect that the bottom surface
would become the dominant infiltrative surface. PFor this reason, Bouma (1975)
Tecommends that in temperata climates, systems should be sized on bottom ares
only. FHealy and lLaak (1974) do not suggest that a system be designed on
bottom ares only, but they do recommeng that in temperate zones systems he
designed to function wnder Eravity potential only because of the Problem
during wet portiong of the year, They state that evapotranspiration during
such times is too low to remove significant volumes of wastewater becausa s?
the wet g0il. The ability of the soil to transport the liquid to the surface
for evapotranspiration, of course, is directly related to the matrie potential
or "wicking" action of the soil.
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are more likely due to clay accumulation, I+ might be concluded that in humid
regions systems should he designed on bottom ares while maximizing the side~
wall by utilizing shallow trenches rather than beds. 1In mere dry regions,
with rather Dermeable soils, the sidewall gpeg could be maximized at the
éxpense of the bottom ares.

infiltrative surface is provided for the same bottom area ang (2) less damage
to the bottom infiltrative surface oceurs due to compaction, puddling ang

In addition, the Seepaga bhed design ean caruge sevare damage to the natural
soil structure during installation, - This is g perticular concern in clayey
soils, Rapid absorption of liquid by the 5§01l depends on 8 suitable s0il
structure being meintained (Bouma 1975; Bouma, et a1, 1975). When mechanical
forces are applied to moist or wet seoil the structure ig partially or complete-
1y destroyed becausge clay particles in the s0il are able to s1lip relative to
cne another. Thisg novement, which results in compaction, puddling or smearing
closes the larger pores between soil aggregates and those made by roots, or
burrowing $0il faung,

To construct s Seepage bed, it ig common practice tgo first scrape off the top-

final grade in an attempt to leave a2 fresh zo0i1 surfaca, However, these two
Cperations may require several passes over the bed area by the construction
nachinery often with heavy loads, When digging is complete, trucks may be

bed with machinery. After the distribution Piping is laid, additional gravel
i1s placeqd over the pipe ang covered with goil, By the time the bed is com-

Fortunately, many state angd local codeg require the construction of trenches
over beds (Plews 1977). However, the Manual or Septic Tank Practice (UsPus
1967) whieh Some state ang local codes still adhere to, limits trenches to

1.5 2 (5 £t) widths with 1.8 m (6 rt) separations betwesn sidewalls. Thig
favors the construction of beds over trenches. A 100 p (1076 rt2) absorption
bed can be laig out in an 8 n x 12.5 m (26 r¢ x 38 r¢) rectangular bed while

& trench system woulg require an 8.1 m x 22.0 m (27 £t x 74 ft) ares assuming
three 1.5 m (5 £t) wide trenches are used. These larger areas required by
trenches gre often undesirable. Inp addition, trench systems can cost more
because additional time and care is required for construction.
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To make tranch systems more faverable, codes should snccurage the yse gof
trenches. A reasonable approach would he to require more bottenm area for
beds than trenches for the same size household., Tuo methods might be used:
(1) give credit fop sidewall ares thereby reducing the hottom araa required
for trenches or (2) increase the bottom area oW required for beds in Propor-
ticn to the amount of sidewall area lost by not using the trench design,
Machmeier (1975) recommends the former approach based on a review of litera-
ture (see Table IT). The Ten-States Committee (1977) uses the latter method
by recormending the bottom area Of beds be twice that required for trenches.
However, more needs to be legrmed about the relative contributions of the
sidewall and bottem areas as infiltrative surfaces,

Shallcw versus Deep Absorption Systems: Shallew soil absorption systems offer
several advantages gver deep systems: (1) the upper soil horizons are usually
more permeable than the desper subsoil because of greater Plant and soil fauna
activity and eluviated clay, (2) evapotranspiration is greater, (3) the upper
$oil dries quicker than the subsoil so construction can proceed over longer
Periods of the year with less smearing, puddling and c¢ompaction, and (&) less
exeavation is necessary, reducing the cost. Scme state codes Drohibit the
construction of absorption Systems deeper than 90 em (36 in) and which is also
Proposed by the Ten-State Committee (197T7). This restriction Seems reascnable
but only if more Permeable soil horizons do not exist at greater depths. Tn
suck instances, deep systems may be practical whera the groundwater table does
2ot preclude their use.

cperation even when frost penetration is quite deep. Weibel, ot al. (1949)
reviewed the liternture and made contacts with health authorities and plumbers
in the northem states to determine if failures of shallow systems ware fra-
quent dua to freezing. They concluded that carefully constructad shallow
systems 45 em to 60 cm (18 in to 2k in) in depth would not freeze even in areas
where frost penetration reaches 1.5 m (5 ££), 1f the tile lines were gravel
packed and header pPires insulateqd where 1t is necessary for them to Pass under
driveways or other areas usually clearagd of snow.

is four-fold. 7T+s primary purpose is to provide a media through which the
septic tank effluent can flow from the distribution Pipe to reech more bottom
and sidewall infiltration ares. A second function is to provide storaga or
peak flows of effluent, Third, the medis dissipates 2Ny energy incoming
effluent may have which could erscde the infiltrative surfaca, Finally, when
Placed over the Dipe it helps to insulate the Pipe not only from freezing but
also from root penetration (USPHS, 1967). '

The depth of media may vary. Fifteen centimeters (4 in) seems to be an
accepted ninimm below the distribution pipe invert. At least 5 em (2 in) is
usually recemmended to cover the erown of the pipe. These dapths are suffi-
cient to perform the necessary functions. Greater depths may be used, how-
ever, to increase the sidewall area ang to inerease the hydraulic head on the
infiltrative surface. The maximum depth would depend on the particular soil
profile and economics.

Gravel or ‘crushed rock is usually used but any material which Derforms the
Necessary functions cap he used. If gzravel opr rock is used it should neither
be so small as to becoma biologically clegged nor should it be 30 large as to
cause problems in handling and leveling of the distribution oipe or to signi-
Ticantly "mask” the infiltration surface. Sizes recommended range from 1.25
to 6.25 em (1/2 to 2-1/2 in) (UsPHS 1967). The Ten=-States Cormittee (1977)
recommends a larger minimum size of 1.85 em (3/4 in), The material should ba
durable, resistant to slaking and dissolution. T+ should have 3 hardness ofr
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3 or greater on the Moh's Scale of Hardness. Rock that can serater a copper
penny without leaving any residual rock meets this criterium. Crushed lime-
stone is unsuitable unless doleomitie. The media should be washed and free
from finss which could seal off the infiltrative surface. In place of gravel
or rock, open bhotiom conerete veauits or lengths of perforated vipe have been
employed.

To maintain the rorous nature of the media, the media must he covered with
Some material to prevent backfilled soil frem migrating downward ang filling
the veids, Tar raper, which was cnce employed to cover the media, has bean
abandened in favor of utreated building parer, marsh hay or siraw. The
latter materials do not create a vaper barrier and therefore permit some
liquid to pass through to the soil above, where it could be removed by evapo-
transpiration (USPHES 1967). However, the untreated Parer may not be suffi-
cient to prevent the soil from entering the porcus media. This slso is true
of marsh hay and straw when not used in sufficient quantity. Harkin (1977)
has observed significant penetration of soil in systems where these materials
have been used. fThis may contribute to system failure. The breblen seems to
te most acute in granular soils where soil stabilization is more di ffieult.
In older systems where tar paper wag used, Harkin found no Penetration. Marsh
hay was found to be sufficient if a 5 cm (2 in) compacted thickness was used.

The advantages of using a material which will not create a vapor barrier would
be in the finer textured soils where absorntion is more difficult. In sueh

tion is not. necessary and tar Paper could be used if establishing a grass

cover over the system is not a problem. Untreated building peper whieh is
easily torn and. punctured during backfilling and quickly decays should be

abandoned. If used, cnly the heavier grades should be specified.

Distribution Networks

Distributicn networks are provided to introduce the wastewater to the infil-
trative surface. Several methods are used which are discussed by Otis, et al.
(1977). Conventionally, 10-cm (4=in) diameter perforated drain pive is used
laid on a 0.167 to 0.333 percent slope in an effort to distribute the effluent
uniformly down the length of the pPive. Lengths greater than 30 m (100 ) are
usually prohibited. The reason for this length restriction is that there is
fear of root Penetration, uneven settling, or breakage that could disrupt flow

down the pipe rendering the remaining downstream length of the trench useless
(USPHS 1967). 1In light of current knowledge, this restriection seems unneces-

uniform distribution (Converse, 197k). Long trench lengths may be necessary
Particularly on some sloping sites. In such cases, maintaining an open porous
media to permit effluent spreading down the trench or using small dismeter
pripe pressure networks (Otis, et al. 1977) have been used successfully,

There are a variety of materials which are Presently in use within the United
States for distribution bipe. They inelude: :

1. Plastic pipe: ASTM standard 2729 or equal

« Polyetheylene pipe: AST™M standard 405 or equal

- Rubber styrene pipe: ASTM Standard 2852-72 or equal

+ Bituminous fiber pipe: agm standard D2312-69 or equal

- Concrete pipe: ASTM standarg C14-67 or equal

+ Clay pipe: 'ASTM standard C13-69 or equal

Recently there has been & strong tendency to utilize Dlastic pipe because of
its light weight ang ease of handling.

VW W

Vents

Some health departments recommend or require that fresgh air in1ets to the
absorpticn field he provided (Winneberger and Kloek 1973; Wisconsin Department
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of Health and Social Services, 1975). They are usually vertical pipes con-
nected to the distribution piping 2t the furthest downstrean and of the field
and extending above grade with a wvent cap. If not connected fo the piping
they are merely placed on the infiltrative surface and extended through the
porous media with perforations in %he saction loeatad within the porous media.

The vents are meant to perform two functions. First, they are intended *o
maintain aerobic conditions within the system. There is real question whether
this is achieved, however. If the system is ponded, little oxygen would avar
reach the infiltrative surface because of the high oxygen demand of the septic
tank effluent. The vents would only be beneficial in unponded systems.
Second, the vents serve as points to observe the functioning of the system.
However, depths of ponding can be determined only if the vent extends o the
infiltrative surface. Those terminating in the distribution piping are of
limited value. The vents greatest value seems to be for observation purnoses
and then only if they extend down to the soil's infiltrative surfacsa,

SYSTEM CONSTRUCTION

Preparation of the Infiltrative Surface

Prohably the most fregquent cause of eerly failure of a properly designed soil
abscerption system is poor construction. Absorption of waste effluent by soil
requires that the soil pores remain open at the infilirative surface. IFf
these are sesled during construction by compaction, smearing and puddling of
the soil, the system may be rendered useless.

Compaction, smearing and puddling occur primasrily in soils containing greater
than 25 percent clay hy weight, The flat clay particles adhere to sach other
in dry soil making it hard and very stable to high compressive forces. How-
ever, when wet, the clay plates separate when forces are applied. The water
acts as a lubricant as the clay plates move relative to one another to close
channels and voids reducing the Permeability of the soil to very low levels.

Not all soils are equally susceptible to this structural destruction. Ten-
dency toward compaction and puddling depends upon the soil tyoe, the moisture
content and the applied force. Soils with high clay contents are easily
puddled while sands are affected little (see Table ITT). Eowever, soils with
clay will not puddle if they are only slightly moist. Instead, under bressure,
dry elay breaks into small fragments along pedal boundaries rather than
smearing, thereby keeping thae large pores open.

Table ITI. Approximate Infiltraticn Rates into Different Natural Soil

Materials
Surface Type Infiltration Rate
Sand Sandy Loam Silt Loam Clay
(C-Plainfield) . (IIC-Batavia) 5 (B-Batavia) (B-Hibbing)
em/day (gpd/£t%)
Open 500 (120) 75 (18) 38 (9) 2.5 (0.6)
Bilologically
clogged 5 (1.2) . 0.5 (0.12) and less - 0.5 (0.12)
Mechanically
puddled - 5 (1.2) 0.5 (0.12) 0.3 (0.05)
B . = =

Careful construction techniques will minimize this cause of soil clogging.
The following technigues are recommended: - :

1. Work should be done in clayey soils only when the moisture content is
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below its plastic limit. TIf the s0il forms a "wire" instead of breaking
apart when ettempting to roll it between the hands, then it is too wet.

2, Excavating equipment should not be driven on the bottom of the system,
Trenches rather than bed construction are preferable in clayey soils be-
cause equipment can straddle the trench, thus reducing compaction and
smearing.

3+ Trench or bed widths should be made larger than the bucket used for sxea-
vation to minimize sidewall compaction. Buckets are usually made to com-
pact the sidewall +o prevent caving in deep excavations. I the excava-

. tion is wider than the bucket, this effect is minimized.

Y. The bottom of each trench or bed must be level throughout teo insure no
local overloading by effluent occurs,

S. Shallow systems should be constructed to place the infiltrative surface
in more permesble horizons and to enhance the potential for evapotranspi-
ration. This is particularly beneficial in clayey soils because they are
generally wetter for longer periods of time, especially at greater depths.

6. The bottom and sidewall areas should be left with a rough open surface,
Any smeared or compacted surfaces should be removed. Compaction may
extend as deep as 20 cm (8 in) in clays. Thig requires hand spading to
expose a fresh infiltrative surface.

T. Work should he scheduled only when the infiltrative surface can be
covered in one day because wind blown silt or raindrop impsct can clog
the seoil.

Backfilling

Cnce the infiltrative surface is properly Prepared the backfilling operations
must be carefully done. The following recomrendations are made:

1. If gravel or rock is used as the porous media it should be laid in by a
backhoe or front end loader rather than dumped in by truck. This should
be done from the sides of the system rather than driving out on to the
exposed bottom. Leveling should be done by hand.

2. The distribution pipes should be covered with a minimum of S en (2 in) or

cover from entering the medis, Light weight untreated building paper is
not satisfactory prarticularly in coarse-grained soils, Tapr baper would be
suitable in sandy soils.

L. The backfill material should be similar to the netural soil or no mors
permeable to restrict surface percolation into the system. It should be
mounded over the system to ellow for settling and promote runoff awey from

SUMMARY

The septic tank - soil absorption field has been used for the on-site tregt-
ment and disposal of small wastewater flows in unsewered areas since the late’
1800's. However, it has been only in the last twenty years that concertad
efforts to understand the system have been made by regulatory agencies and
research institutions. Despite these efforts, the design of conventional
septic tank systems has remained more of an art than a4 science,

While the practices recommended in the Manual of Septic Tank Practice (USPHS
1867) were based on rational decisions, the reasoning behind these decisions
was often lost when they were adopted into state and local codes. In some
cases this loss has resulted in a digression in the state-of—the-art. Because
failures have continued to ocecur, many regulatory agencies have simply made
design guidelines more conservative rather than analyzing the cause of the
failures. This is unwise because if many failures are due to poor comstruc-
tion techniques, for example, increasing the size of the system does little
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good excedt to delay the date of failure. The owner's money could he better
spent for construction supervision. A return to rational designs methods is
desirable.

In reviewing the present state-of-the-art thers are several aresas of needed
research. They include:

1. Measurement of more accurate loading rates for fine textured soils.

2. Determination of an acceptable minimum Dercolation rate abeve which
adequate soil treatment can be maintained.

3. Establishment of suitable factors of safety in absorption field sizing
for different types of buildings and uses.

4. Determination of relative contributions to absorption by the sidewall and
bottom areas of abscrption fields.

5. Determination of suitable loading regimes for different soil and site
characteristics.
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