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MOUNDS FOR TUE TREATMEINT AND DISPOSAL OF SEPTIC TANK EFFLUENT

J« C. Converse 3. L. Carlile G. W. Pctersen
Hember ASAE

Thae mound systew was developed Lo overcome soil and site aonditions which
Hmit the use of the conventional subsurlace soil absorption systems due

to slowly permeable soils, high ground water, or shallow s0ils. The system
consists of a septic tank, 3 pumping ov siphon chamber, and the mound

(Fig. 1). In most ciases, the septic tank is sized the same as [or the
conventional soil .abmorption system. A pump is wsed to clevate che effluenc
to the mound and to provide pressure fur uniform distribution of effluent
within the mousad. In sites where the mound is down slope from the scprice
tank, a siphon could be uscd tv provide the peessure for uniform distribucion
of effluent. The mound consiscs of the {ill macerial. an absorption area,

a cap and topseil. The cffluunt is pumped fnto the aggregate absorption
area where Lt is distributed through o series of perfloriated pipes. The

cap, which is usually silt or clay, provides a barrier to infilcrakion,
retains moisture {ur the wvegetation, promotes runoff of pregipitation

and provides frost protection. The topsoil provides a good medium for
vegetation,
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Fig. l. A Cross-Section of a Septie Tank - Maund System for On-site Disposal
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For pcrmc-:.bh: swils <ith high witer table or with permeable shallow soll

over poraits or ceeviced bedrock s the main purpose of the wound is to
provide adequate purilicition belove thwe villuent reaches the high wacer
Lable or creviced bodeoeke Liguid lispesal s usaably not a problem heciuse

sufticient wrea i3 availuble to provide dispesal. By elevacing the absacpiion
area above the notural soil and using a suitable [{ll1 macerial, there

is sufficienc tiltl .und natural »0il to provide adequate purification before
the effluent reaches che groundwater vr the creviced or porous bedrock.

Liquid disposal is che prime design consideracion in slowly permeable

soils. Purification will be achivved as the ¢filuent moves threugh che

mound and Chrough the natuzal seil. Flest, [ill material elevaces the
absorption arep out of the wet slowly perumcable soils and puts {t into

the dricr, permeable till. This allows dhe efllueut Lo enter the wore
permeable natural topswil over a larger aren where it cam move out laterally
until absorbed by the less permeable subsoil. This requires sufficient

basal aren beneath the bed so che natursl soil can absorb the effluent
before it reaches the cuter educes of the mound. I noc, then seepage around
- the perimeter of the mound will occur. Secondly, the slimes that develop

in the absorption area will not clog the £ill mucerial as readily or to

the same depree as they would Che less permeable seil. Thirdly, conscruction
is eliminaced in the werger subsoil where smearing aud gompaction is unavoid-
able. Fourthly. the abzurplion apres withio the mound dues not need to

be as large as in a conventional sysgem Lecause of the more permcable

111 material.

The MODAK system, first sonceived in the late 1940's, was developed to
overcume faillure of the couventional soil absavpcion system on slowly
permeable soils (Wicz 1974). Rocent adaptatlon and modilication of this
system for use on utber soil and climucic condltions has vesulred in diff-
eront desiyn and constugtion practices {Converse et al, U973 a b ¢. Wooding
1975, Machmeier 1977). Other states have adapted these later designs,

with or without modification, to {it their loecal topegraphy and climacic
conditions.

The auchors! objective {s to review the systems curruncly in use. Thenm,
based on research and field experience, make rccommendations on site limiz-
ations, design criceria and construction practices for a mound which should
adequately purify and dispose of the lhouschold wastes., These recomnendations
will be for 1) slowly pemncable soils with or without high water, 2) perm-
eable soils with high water, and 1) shallow penneable soils with creviced

or porous bedrock. liowaver, continuing reseacch and developmnent may zhange
the site limication and design recownenditions in this paper.

-§01L AND SITE REQUIREMENTS

Soil Morpholony

Soil morphuolopical features within tlee soll profile should be investipgated
before a mound systom can be fnstalled on a site. The features, Indicated
. in Table 1, are those that relace Lo the infllcrative, percolative, and

renovative 3bility of the sofl, the depth to impermeable layer and high
ground water.

The rates of Infiltration and pevcolation are primarily concrolled by

soil texture and grade of structurv--the more sandy und/br stronger the

grade of structure, the greater the rate of infiltracion and pereslatien.
Soils wich over 504 clay have slow infiltracion and percotation races

1€ they have weak structuce. For extromely well structuved soils, percoli-
tion rates arc higher aud short civeuniting of e¢ffluent between the structural
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wrils way vecwr @b tlow approaciies maturdtion. Beaanse vl the layered
*nature of clays, they are canily smeaced and compacted Ly equipmenc, thus
reducing the inliltration. Smerarimg is pavticularly cricical when the
soil s wez.

Percolation rakus arw being used te Jetermlne site switabilizy. Pereolation
cests are run at a dupth of 0.5 = Uim (20-24 in) [rom the natural soil
surface in slowly permeable soils with a seasonal or purched water table.
These soils will be suitable for a mound systae il the percolation rates
are 26 La AN min/cm (o) = 1202 miu/iu)-

Pormeuble soils with shallow creviced or porous bedrock should have the
percolacion test rum ac 3 depth of 0.3 = 0.4 m (12 co 1{ in) [rom cthe
astural soil surface to aveid a direct flow route of the water fnto the
bedrock. Thuse svils will be suitable fue o meund system wich percolation
rates of 1 to 24 min/cm (3 - é0 mi.n/i.n).

Permeable seils with a Ligh wacer tabia should have the percolation tesc
run at a depth of 0.5 - 0.6 m (20 - 24 in) from the natural soil surfjce.
Thesa soils will Lu suitable for mound systumd with percolation rates
between 1 to 24 uin/cm {3 - 60 min/in).

The biological and chemical renovative ability of a soil is determined

by the residence time of the of fluent within the soil profile. This is
reduced Lf the depth of seil is limited by various restricting factors
such as wacor tables, impermeable soill layers, bedrock, and by an exceasive
valume of rock fragments.

Por the purposes of siting mound systoma, a water table includes both
perched uater tables and ground water tables as datermined by direct obser-
vation or by the presence ol soil mottling. Scasunally high ground wacer
ean sometimes be dircctly obsecved in unlined auger holes in early speing
or lace fall. However, occurrence of gray and red soil mottling phencinena
can be uscd in all seasons to indicace periodic saturacion wich water.
Lack of soil mectling dees not alwiys mean that scasoually perched water
does not occur. Couverse et al. (19754) reperts that some red clay soils,
such as the Hibbing leam in northern Wiscunsin, do not uxhibic moteling
but perched water is observed for oxtended periods of time. Perched or
ground wagter tables should not be closer than 0.5 m (20 in) of the natural
soll surface in order te provide adeguate dispesal and freatment.

Impermeable Layefs inelude fmpenmeable ruck serata and impermeable soil
strata. These layers are so slowly penaerble thae they prevest oF ssvezely
restrict the downwurd pissaye aof suvwige cf{luenc. Some examples of imperme-
able soil strata arc Eragipans, claypans, and plinthite. The minimum distance
eriteria used for mounds ranges from O3 m (20 in) (Wooding 1973} to 1.5

m (5 ft) (Converse et al. 1975 a b ¢) from the soil surface tv the imperma=
able layer. The minimua distance {s dependent upon 4 number of factors

such as elimate, soil permaabilicy and sice slope. Sufflicient lateral
movement af the. cflluent is accessary to get the cffluenc away {rom the
mound. If the minimua discance between the surface and impermeable layer

15 not sufflicient, then surface ssepage will ocgur. In nocrcthern climates
frost penctration will reduca ‘Lhe effeetive area for laceral movement.
Slowly permeable soils will zequire yrencor distances Lo the tmpermeable
layer than will more permeable soils. Slupiag sices will restrict lateral
movenent to one dirsction thus greater depth to the tmpermcoble layer

1y required than on level sices. Therefore, loeal or reglonal conditions
will dictate the minimm depth required. Furcher rescarch and evaluatien
are required to eseablish the minimms dfsciance for various site conditions.
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Parous bedrock and rockiness also present preblems lor slting of tmound
systems as effluent renvvalion is probably minimial in most rock units.,
When the Ledrock is creviged ur porous the dauger of contamination of

the water table extsts {f the sewnge effluent is not renovated when {t
enters the bedeocks This s o very sevious prebles in porviows carbonnte
rock units Decituse of the typical pinnncling of these units which contain
direct conducts (open solution channels) to the water table. Sites which
are in rocky, very rocky, and cxtrumely rocky phases should hie examined
in much greater detail to ensure that there are not areas of the proposed
mound where Unwe purens or ereviced bedeock rises eloser Lo the surface

than 0.5 m (20 in).

Rock fragments can be gonsidered as a dilutant In che sofl medium as chere

1s essentially no [low of cfflucnt through the trapments. Also, very litcle
renovation ol scwige ciiluent occurs us it woves between the fragumencs.
Therefore, even if Ledrock (a2 lithic contact) is not present within a

minimum distance from the soil surface, a high percentage of rock fragments
in che soil will significuncly decrease the renovating ability of thuc

soil and could lead to short eircuiting of inadequately treated sewage
effluent to the water table. The amount of rock fragments that are consid-
ered to limit the use ol a site for a mound system {s thought to be adprexi-
mately 50 to 70 % by volume. For instance, 1f a soil contains 50 % rock
fragments by velume mcasurement in.the upper 0.6 m (24 in) of the soil,

and the disposal fiecld iIs 5 m (16 ft) by 20 w (66 fr), then there is actually
only 30 m® (2060 f¢?) of soil available for renovation of the sewage effluent
rather than &0 m3 (2120 £t?) IC the sofl was [ree of rock fragments. In
cszence, having W% rock fragments bas reduced the velume of the renovating
medium by onc~half. Thus, larger basal areas beneach the mound may be
required. : :

Siting

In addicion to seil morpholesical constderacions, various site requirements
must be met before s mound system can be constructed. This includes land-
scape position as well as surface condition of the soil.

Mounds should not be constructed on flood plains, drainageways, depressions
or areas of groundwster discharge {e.g. springs, aquifer discharge areas).

Slope considerations arc very important in mound siting. The crested site
1s most desirable because the mound can be situated suvch that ¢ffiuent
can move laterally down both slopes. The level site allows effluent to
move laterally in all directions. The sloping site is the least desirable,
but most common, because all lateral movement is in one direction. On
conplex slope sites the mound should be located so the lateral flow isn't
concentrated downslope In one arex. Up slope runcff should be diverted
_around the mound. :

Mounds in Wisconsin (Couverse et al. 1975 a b ¢) arc allowed on slopes

up to 6% Lf the percovlation rute is faster than 48 min/em (120 min/in)

and on slopes up to 122 if the percolation rate is faster than 12 min fem
(30 min/in). Permsylvania (Wooding 1973) permits bed discribulLion mounds

on sites with slopes of U4 or less while trench distributlon is used at
sites where the slope s 2% or lexs. Systoms on steeper slopes, especlally
with slowly permeable svils may cause surlace seepage.

The surface cover of a. site must also be evaluated before it can be approved
for a mound sytem. If the site has been cultivated, there is generally

no problem unless a plow pan has developed. This pan can be broken up

with a chisel plow. However, Lf the site Is wooded or covered with large
stones serious problems may urise. Trees should be cur as close to the

soil surface as possible. Stuwps should be lelt In place singe extractlon
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ol Lhese stumpn @ill Leave clamnels Loz wll Luvnt Lu mave through. Small
stoncs should be remuswsd by hand. The oxeraction vl stumps and large stunes
would necessitate Lhe ene o heavy cquipment which wortld mmear, compact

and otherwise serivusly disturl the inliltrative capacltics ol the site.
Stnee plowing or some othur type of mechanienl disturbance of the sice

£s fruguently usad, scumps and buulders may crender the use of this equipment
impraccical and Lhe site unsuitable for mound systoms, llowever, in some
cases hand spading cuuld be subsgituted Tor pluwing. Stones imbedded bLeneath
the surface should Le treated as a dilucint and the depch of usable scoil
should be calculuted accurdingly.

The vegetative cover should bLe incorporated into the soil by plowing,
chiisel plowimg or rotociiling. Excess vepretativn should be removed peior

to surface preparation. Rototilling is sacisfactory [or unscructured soil
such as sand, but shuuld net be used vn the heavier leams, silts, or clayey
solls as it may destroy toe much of the soil structurc. Plowing or chisel
plowing must be done perpendicular to the slope at a depth of 9,153 - 0.2

m (O=S in). Moistere contont must he low enough Lo prevent compaction

and smearing of the pluwed surfacu. The vbjective is tv lave a large surface
aren interfice between che £311 and patural seils so che ef(luent will
infiltrate as rapidly as possible. Leaving the vegetative cover undigturbed
results in an organic layer which hinders infiltragion and sllows the

wvater to move Latcrally becwean the £1ill and sotl faterface.

Pennsylvania currcutly pcrmi:s-mound systems on {ill mazerial provided
that the Eill muterial has hod ac least four years to setile and the sitce
meets the morphological cirteria discussed abuve.

Diszurbed sites such as mine spuils, land{ills, slug and bottem or fly

ash piles pose speeial problems and should be evaluaced closely to deter-
mine 1f ciflyent will move through these maccrials and what type of purifi-
eatlon occurs within these materials.

Soil. Grounine

Soils with similar characteristics cun be grouped te facillcate decislons
regarding site suttability for mound systems. Thus, soils in the same
group would requlre the same type of mound design. All che soil series
mapped in Pennsylwania by che Seil Conservacion Service have been placed
ingo 13 groups accordlng to wacer table, shallowness, probable percelation
rate, flooding potencial, and spectal pollution hazards (Woadlng 1975).
Soils huve beoen mapped in Wisconsin according to permeabilities {Baker
1977), expressced as hydroulic conducciwity vialues that were determined

by the crust test (Rouma and Denning 1972). Soil groups can be extremely
valuable in evalusting putential lind wsed at a regional level. While
soll groups are a discingt ald {n detCemmining a sitels potential for use
of mound systoms. individual on=site investipations are necessary when
siting a2 mound syskum. ‘

PHOUND DESIGH

The mound design is based upon the expected daily wastewater valume and
nacural soil and f£ill material characteristics. Ir musc be sized such

that it will accepe the daily wastowiter volume without surface secpage

and grounduwater polluzion. IE must alse be designed Co prevent the encroach=
ment of high groundwiter fubles into the mound. Tiw dusign procedurs includes
five steps which are: L) design of the absorptiom area within the mound,

2) dimensioning of the mound, 3) basal area requirements {nacural soil

« £i1] interface), 4) design of the discribution zmecwork, and, 3) design

8
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of the pumplng systos. Eich of these steps will be described and will
be followed by a design exampla,

Absorption System Wichin Mound

Fill Material: The £4L11 material béncath che sbgorprion area (at the
aggregate « £4I1 interface, Fig. 1, 2, 3) wichin the mound will determine
the size of the ubsorpcion aren for a given laading rate. Medium textured
sands, sandy lomms, soil mixturex, bottom ash, strip mine spoil and slags
lave been used or are bulny tested. The more pemeable the [ill material,
the smaller the absorption area within the mound and the less purification
that results. Thus a balance must cxist between purification and absorption
area size.

In some states the (i1l maturlal Is graded. For example, in North Carolina

a 0.10- 0. 15 am (4=0 Iu) layer of course sand is placed under the aggregate
te act as 3 coarse filter to ruduce the clogping potential of the effluent.
The sand layer is graded {nto the wmain Lody of che filter material consisting
of 3 mixture of course sand and sandy loam topsoil to yield a textural
material of £8 to 93 % saud and 7 to 12 % finer grained material. The

filrer material Interfacing with the nutural soil should be a similar
textural matérial und integrated with the top few fnches of the soll surface
{Carlile et al. 1977).

In Pennsylvania the {11l material must bo graded to meet certain speeifi-
cations for clay content of 5 = 15% depending on the structure of the
sofl (Wooding 1975). - i

In Wisconsin the Fill waterial should prelerably be it medium texturcd
sand. The sand does not have to be washed and some fines are desirable
but significanc amounts of sile and clay are not recommended {Converse
et al., 1975 a b ¢).. -

As with any soil absorption system, crusting of the infiltrative area

will occur and thus reduce the infiltrative capacity of the system. The
recommended loading rate for medium texcured sand and the sand mixture

of North Carolina with crusting Ls 5 cm/day (1.23 gal/Tca/ﬁay) (Bouma
1975, Carlile et al. 1977) and the recommended loading rate for sandy
loams is 2.4 em/day (.5 gal /Et?/day) (Bouma 1975, Wooding 1973). With
adequate depth of £I11 these loading rates should glve unsaturated flow
vhich provides adequate purification as Lt moves through the fill (McCoy
and Ziebell 1975). Botcom asli as a fill macerial is currencly being cvalu-
ated for loading rates and purification (Zaltzman 1977).

System Confiourationt The absorpcion area within the mound can be a bed
or crenches (Fig. 2 & 3). The stte condition will dickate to some exgent
what type should be used. For permeable shallow soils over creviced or
porous bedrock, cither configuration s sitisfactory, For soils with high
water tables, narcow trenches or rectangular beds are necessary to aveid
encroachaent of the high-vnter table inte the mound {Bowna et al. 1975).
For the permeable soils, the bed can be up to 1.3 m (10 [t) wide without
significant elevation of the groundwster., For the slowly permeable soils,
tvo or thrce parallel narrow trenches, 0.9 - 1.2 m (3 = &4 fr) wide, should
be used with sullicient spacinmg between each trench for the nutural sofl
to absorb the effluent before it reaches the down slope trench.

Since disposal is the crivical criteria and a large mactural soil area

is required, the narrow trenches need to be placed perpendicular co the

site slope to avoid concentrating the effluent into a small area which

would oceur {f a square bed was used. If the effluent is concentratced

into teo small an area, it will wot ifnfiltrate inte the natural soil by

the time it reaches the edge of the mound, thus causing surface scepage.
1
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Fig. 2. A Mound System Utilizing a Bed as the Absorption Ares.
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Fig. 3. A Hound System Utilizing A Tremch as the Absorption Area. This
System is Recommended for Slowly Permeable Soils with High
Water Tables.
]
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The bottom of the course agpregate within the bed und trenches must be
level and at the same elevaction so one arva of the bed or one trench is
not overloaded.

Muound Dimcennions

Mound Bepth:  The depth of he wound will consist of the depth of {{l1
material che depeh of creuch or bed, and the depth of cap and copseil

(Fig. 4). The depch of {11l will be depeundent upon its purification petential.
An unsaturated flow depth of W9 = 1.2 (3 = 4 te) ol sand and sandy loam

and natural soll fs sutf{icient for purlflcation (McCoy and Ziebell 1975,
Tyler ct al. 197£). Other zypes of fill materials muy require greater

depth of fill.

For slowly permeable and permeable soils with a high water table ac a
minimum of .5 m (220 in) from the surface, a minimum of C.4 m (16 in)

of f11l is rcquired betuween the natural seil surface and the bottom of

the trench to provide the minimum 0.9 m (3 Et) of soil. For water tables
greater than 0.6 m (2 fe) A minimue of 0.3 m (1 ft) of ({1l is required
which allows for smaller sizing of Lhe trench or Led absorption arez since
the sizing fs done on che more permeable f{1ll materfal., For permecable
soils on creviced or povrous bedrock, it is recommended that a minimum

of 0.6 m (2 ft) of £ill be used with a minimum natural soil depch of 0.5
m (20 in) because once the effluent enters the bedrock very little purifi-
cation will occur. The extra depth of fill over the creviced er porous
bedrock is recomnended becouse the eflluent may flow dircctly inte a poten-
tially potable aquilier.

The trench or Lod depth should be 0015 « Q.3 m (6 - 12 in). A minimum

of 0.10 = 0.15 m (4 - 6 in) of aggregare should be placed bencath the
discribution pipe with 2.5 - 5 em {1 - 2 in) of aggregate above the pips.
This should allow [ur several days sterage of effluent within the aggregate.
The aggregate should Le clean stone or rock fragments 1.2 - 5 em (1

- 2 in) size which will not deteriorate as effluent Elows through. Botrom
ash is currently being investigated as a substitute agygregata,

The cap and top soil should be thick enough to provide sufficlent depch

to promote runel{ of precipitacion and provide frost precection. The depth
at the eenter should be 0.4 to V.o m (1.5 = 2 tt) depending on the width
of the mound. The outer edge of the trench or bed should have ac least

0.3 m (1 £z2) of so0il above the apprepate. In milder c¢limaces, shallower
depths may be sulficient for runoll as frost penetration may not be a
problem. Approximutely 0.15 m (& in) of gvod qualicy topsoil should be
placed over the entirc mound to promote guod vegetative groweh. Little

or no vepetation on the mound will result fu ervsion of the mound surface
and could result in [ailure of the system. Thus the mound depeh will range
from approximicely 0.9 m (3.0 ££) up to 1.5 m (5 fr) deep.

Mound Lengeh and Width: The side slope on the mound shouid be no stecper
than 3:l to maintain good stubility snd euse of maintenance of the vegetaw
tive cover (Fig. 4). The mound length, which runs perpendicular to the
site slope, consists of the trench or bed length and the negessary slope
lengehs (Fig. 5). .

The mound width, which parallels the slope. consists of the bed width

or trench widlhs, the space between trunches and the upslope and down
slope width (Fig. 5). Svme slopc width adjustments are required on sloping
sites in order to moaintain the desired side slopes. The most critiecal
dimensions of che motnd are 1) the depeh of the £111 benmeach the tronch
or bed, 2) the bed or trench length and widch, 3) spacing between trenches

and, 4) thec down slope disrtance between the trench or bed edge and the
[
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toe or edge of the mound. The other dimenslons can be approximute.
Basal aAren

The basal ares is the watural soil area bencath the wound. Tts purposc

1s to assist in purificatlon, Lo absoeh the ellluent and cransmit it to
the subsoil beneath the mound or transmit it lacterally to the subsoil
outside the wmound pevimeter without causing surface scepage. In less pern-
eable subsoils, a large portion of the cffluent moves laterally to the
subsoil ocutside of the mound.

The size of the basal area i{s determined by tie natural soil inflletrative
capacity. For percolation races of 1 - 12 min/em (3 - 30 min/in), 12 -

25 min/em (30 - O min/in) and 25 - 43 em/in ({0 - 120 min{{;), the design
loading vates are 5. 3, and ! em day (1.27, .74, and .24 ga (:z/ﬁuy)
respectively (Converse et al, 1975 a b ¢, Bouma 1975). For sloping sites
the active basal arca is determined using the area benecath the trenches
{bed), between the trenches and down slope from the trenches (bed). It
does not include the basal aren upslope of the trenches (bed) nor at the
ends of the trench (bed) because the effluent will primarily move down
slope. ’ !

One design calls for ramoving the vegetation from the site, then cncompas-
sing mound with a berm to reduce scepage. This berm is constructed using
less permecable so0il aud compacting ic (Wooding 1975). In some cases the
berm is keyed into the seil o depth of 0.%=0.40 m (1-1.5 ft} (Shaffer
1977). Compaction of cthe natural :eil or keying in a less permeable soil
material will reduce the latersl {low of effluent out of the mound systenm
thus causing a bathtub cffect. The arca down slope of the mound should
not be compacted or driven on during construction.

Distribution Network

The conventional methiod of "effluent distribution is the 10 cm (4 in) diameter
perforated pipe. This pipe has two rows of holes with each hole about

1.6 em (548 in) dlameter spaced 7.0 an (3 in) aspart. Uniform distribution
.over the bed or trench area by gravity or dosing does not occur because

of the large number of holes {Converse 1974, Ocis et al. 1972). As the
ef{luent is pumped in or flows in by gravity, it Ls concentrated within

one small arca of the bed or trenclh. This results in saturated flow thru

che fill macrerial, thus poor purification.

In mound systems, the c¢Eflucnt must be uniformly distributed for several
reasons. In the permenble soils over creviced or porous bedrock, the effluent
mst be spread out over the entire bed to provide unsaturaced flow thru

the fill. Secondly, in the more slowly permeable solls, {t ls necessary

to disecribute the effluent along the total length of the trenches or bed.

If fe is concentrated in one areit, the cf{lucnc moves rapldly through

the £ill and moves laterally dowm slope at the [ille-natural soil interface.
This area becomes vverloaded thus resulting in butEacc scepage wich the
remaining portion of the mound unused.

The only way zo obtain uniform distribution Lls to use a pressure system
consisting of a manifold with small dismeter laterals and holes (Converse
1974, Converse wt al. 1975, Ocis ec al, 1974 and 1978). Figure & shows

s typlcal effluent distribution systas for a trench systeom, Machmeler
(1975) developed a computer program to predict lateral lengths for various
size diameter laterals and hole size such that the distribucion didn't
vary more than l0% along the length of the lateral {Table 2). For 0.76

m (30 in) spacing with a 0.54 ecm (1 /4 ir) hole, and pipe diameter of 2.5
cm {1 in), maximum laceral lengch wias found to be 7.6 em (25 fr). Converse
{1974) through ficld zesting, concluded that latéral lengths uwp to 7.6
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Table 2. Allowable Lateral Lenpelis in Meters (Feet) Lov Three Pipe
plameters, Ihree perfocation Sizes. ond Two Perforation
Spacings (Machmeler 1975)

T =T TR R T - e “ﬂ-mmw— T e X B et e

Perforation Pertuyition Pipe Diamcler

Spacing Dimneter 2.5 an 3.4 on 3.8 em

m {in) em (in) (1 u) (l-—l/’l in) (1-lﬂ in)

0.76 (30} 0.4 ("./lf-) 10.4 (04) 15.6 (52) 21.3 (7M)

0, 50 (7/,’,'.!) 9.1 (20} 13.7 (45) 17.4 (57}

0.64 (1/"*) 7.6 (25} 11.6 (38) 15.2 (503

0.90 (356) U, 48 (3/11:} 11.0 {36 153.3 (LO) 22,9 (75}

. 0.56 (7/32) .1 (33) 15.5 (51} 19.2 (63

0.64 (1/6) g.2 (@) 12.2 (&2) 16.5 (54)

LATERALS

32 cun'u-m\//

/ﬁmmw 5 CM

{2 PVC PIPE

64 CM (ha") HOLES SPACED
76 M (30") APART DOWNWARD

Fig. 0. Distribution System ‘tar Mound with Bed or Tranch Absorption Area.
Dimensions are for the Design Exumple. Other Dimensions are

Given in Tabie 2. .
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m (25 fr) gave good distribucion. Otis er al., (1978) outlines design proc-
edures for determiniug lateral lengths and hule size and spacing.

Pumhing Systom

The components of the puaplng system that vequires designing are the pumping
chinber, the pump size, and the pump controls and olicm systen. (Fig. 7).

Puming Chamber: A sufficicene quantity of ¢ffluent musc be available at

ecach dose to give as uniform distribution as possible. The quantity depends
upon the freguency vl duse and the pipe void space. Since small diameeer
pipe is reconmended, the void space bs quite small. The more frequent

the dose, the less chance of obtaining saturated {low, thus, the better

the purificacion. llvwever, dosing too Lrequently could lead to faster
crusting and podrer distribution of efflluent, Dusing Irequencies of four
times duily and once daily is recomacnded for sand and sandy loams respect-
fvely, ‘Bouma 1975). Other fill materials may require other loading [requen-
cles.

Maintaining a given dosing frequency is impossible due to family dall;
activity and variation of water use from family to family. This, coupled
with the various sizes and shapes of tanks, makes it difficult for the
installer to get the desired louding rate and frequency of dose. Therefore,
liquid level control flexibility wmust be avallable so a given quinticy

per dose can be obtained. .

It is more important to get the proper quantity per dose than a given

dosing frequency. Therefore,: it is recommended to set the level control

of the puwp so thar lr pumps into the mound the quantity obtained by dividing
the design load by the number of doscs recomaended per day for the given
£i11. For a three bedroow home with a sand filled mound and a design loading
rate of 1.7 m3 /day (450 gal/ﬁay}, che dosing quanticy Is 0.43 m’/Hose

(113 gal fdose)” (1.7 m’gal/ﬁny 4 4 doses/day). For a three bedroom home

with a sandy loam Lilled mound, the dosing quancity is 1.7 m?/dose {450

gal /day), using once a day dosing as rccommended. The pumping chamber

should be gized to hold an extra quantity of effluenc in case of pump

or control falilure. Also, extra room is needed [ur controls, elevation

of punp off the bottom and flow back after the pump shuts off. Therefore

a pumping chomber of Z-3 m? (500-750 gal) is recommended.

Pump Sirze: Proper pump sclection is necessary [or proper operation of

the pruessure discribution system. A pump which dees wot supply suffiecient
capacity as a sufficient head will not give good effluent distribucion
{Converse et al. 1974). Pump selcction ig based on its performance curve.
‘the total head is equal to: 1) the elevation difference between pump and
lateral invert, 2) friction less in pipe between pump and discal end of
lateral, and 3) a recownended head at the distal end of laceral of 0.7

m (2 fc).

From field experience, Converse ¢t al. (1975), based pump selection using
1.5m (5 fc) of head at the inlet with minimum flow of 95 LArin (23 gpm)

for systems for thres bedrooms and 114 L/hin {30 gpm) for four bedrooms.
Machmeier (1974), using a computer analysis, recommends 2 minimum of 0.15

m {6 In) of head at the supply end of the luteral but small ¢levation
differcnces along the lenpth of the laterals will greacly affect distribution
which should not be. the case when higher pressure is used. Bnsed on these
ficld expericnces and computer analysis a head of 0.6 m {2 ft) at cthe

distal end of the laceral is recommendad (Otis et al. 1978).
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From Figure 8, the [low rate based on L/Enz (;:pm/fr."') of s0il absorptioen
aren for a piven head, perlovation wize and spacing e be deturmined.
If the puop canuet supply the acaded capacity then the pump per{ormance
curve will go to equilibriwn wich the distribution system demand curve
by following the seiected curve in Figure £. Smaller pump capacitles can
be used if smaller purforations are used ‘Im the pipe. Perforations as
small as .32 em (1/2‘! In) have Leen used successfully.

Pump and Alarm Control: The control system for the pumping chamber consiscs
9f a control ler opuriting the puwnp and an alarw system to decect when
the system is mallunctioniog.

Since water use quantitics vary and size and shape of pumping chawmbers
vary, {& iz esscncial te have a pump control system that can be adjusted
to meet the recoumended loading rate into the wwund. Some of the types

of controls in use or Luing tried are mechanical (leats, diaphram pressure
switches, mercury magnetic switches, and the mercury levael controls.

The mechanical float switeh is used primarily in ffclcan!’ water sumps.

1t does not allow [or adjusting the quantity of water to be pumped. The
dfaphrum pressure switches roquire 3 vent to che atmosphere. These camoc
be adjusced for different on=off luvels but diflerent on-off levels can

ba purchased. These units have created service problems due to leaks in

the diaphrams, sewage solids and greoases caking on the switch and condens-
ation collecting in the vent Lubes. Mercury magnetie switches are accivaced
by 2 float which raises a wagnet ln congaet with the switch case. Limited
wvater lovel height adjustment can De done. The most reliable and service
free is che mercury level control which is incased In a polyethylene casing.
Two switches are required and ure suspended (rom above the pump. This

unit gives the yreatoest flexibility in adjusting wacer level buc s the
most coszly. Currently being develuped is the mercury built-in differencial
swltch which eliminates the need for two awitches but limizs che flexibilicy
in adjusting water level.

The high water alarm system consi{scs of a swicel in the chamber and a

Jewel light with or without an audio-alarm in the home which &s readily
‘yigible. The alarm system should be on'a separate cirecuit frem the pump
contrel. The switel in the chamber may be a diaplhram pressure switch,

a mercury magnetic switch or-a mercury level congrol switch.

Siphons: Siphon systems can be designed where sufficient elevaclon exlacs
between the mound and the siphon. chamber. This will eliminace the meed

for a pump. Howew:r, the siphon wust be designed to deliver the same
head and flow rates at tha distribucion system as a pump system. The disc-
ributicn system consisting of manifold aud latepals must be designed 30
that they drain afeter cach siphon. :

DESIGN EXAMPLE

Design a mound systcm for a site with the following site conditions for a
three bedroom housa. Bedrock, impermeable layer, and high volume rock
fragments vere not encountered in site ewaluatlon.

Slope o 6%
Percolation rate 43 m-in/:m (110 min/i.u)
Cround water 50 am (20 in) .

Design Loading 1.7 m3 /day, (450 gal/day) (Lased on 150 gal Gedroom)
g
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FLOW RATE IN GALLONS PER MINUTE PER SQUARE FOOT OF SO TREATMENT AREA

Flow Rate vs Head for Perforations Spacing of 0.76 m (2.5 ft)
and Lateral Spacing of 0.9 m (3.0 ft). The Lower Curve for
Each Perforatlon Represents the Head at 'the Discal End

(Machmeier 1975).
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l: Absorprion avea in mound

Select 3 fill material thac will have adequate hydruulle conductivizy
and puriligation whiich {s within a4 veaseonable cust. ‘For this example,
a2 medium textured sand will be used that las an {nfilcration race of
5 cm/day (1.23 gal/€c? fday).

Since this is a slowly permeable site with high pround wazer, the abe-
surption area must bDe o Woench systom which will spread the liguid out
along the stope and also winimize the cugroichment of the ground water
into the mound.

Absorption area required = 1.7 m-’/d-'ay + .05 m/d;ay = 34 m? (364 Fed)
Assume a trench width of 0.9 m (3 fe) chen:

Trench length = 34 =2 4 0.9 m = 37.8 m (124 fe) ,
This is too. long for a 1 tremnch system, thercfore 2 or 3 parallel,
trenches of equal length should Le conacructed so that the kiguid will
net concentrace in a small area. (More thon 3 parallel trenches may
concentrate the liquid inco a small area and also result in higher mounds

-ont sloping sites.)

For a two treach system:
Trench length =« 37.8 m + 2 = 12.9 m (62 fc.)

Trench spacing is deotermined by the design loading rate of the natural

‘soll which for a soil of 110 min/Ln. percelation race is 1 em/day (.24

£:2/¢1y).. Since onc~half of Lhe effluent is distributed in each trench
then: :

Trench spacing = 0.85 m® & (0.0 m/day) (1€.9 m)
= 4.5m (15 fr) on center

2: Mound Dimensions

(For this design example, the letter nocations. axre found {n Fig. &
and 5).

Mound depch = [ill depch at center + trench depch (F) + top (H)

Fill depth at center = min. depth (D) ac upper cdge of upslope
trench plus slope adjustment on 6% slope.
= 0.4l m+0.06m (2.7 m) = 0.5 m (1.9 Et)

at cencer

Trench depch (F) = 0.23 m (.75 fz)

Cap and top soil (It) = 0.45 m (1.5 fr) minimnn which include
0.30 m cap and 0.15 m of top soil

Hound depth = 0,57 + Q.23 + 0.45 = 1.25 m (4.1 f£)

Hound length = trench length (B) + 2 end slopa lengchs (K)
of 3:1 slope
= 18.9 m+ 2 (1.25) (3)
=189 m+ 7.5 m= 26,4 m (87 fr)

1
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Mourd widtde = trench widih (A) b spucing between trench centers
(C) = upslope width {J) + downslope wideh (H)

trench widths (A) 0,9
islange between cemters, (6) At om
upslope depth (41G) ~ 0.%4 w depeh {at upper edpe
of upslope trench)
upslope wideh (J) == .9 x 3 - slupe correction
= 2.70m - 0.7 m (eseimate)
2. om
downslope depth (EAFRG) = L.26 o
where E = D -+ slope adjustment
= 0.4 m+ 5.4 (0.0%)
= 0.7 m
downslupe width (H} -2 1.3 x 3 -k slope corrcction
= 3.9 + 1.8 (estcimite)
= 5,7 m (19 fc)
+ 4,5+ 2
5m (44 €

-

mound width = .9
= 13. 4

Therefore, mound is 1.3 m high by 20.4 m leng by 13.5 m wide.
3: Basal Area

Cn sloping sites the basal area is that area under and downslope of
the trenches (B x (MCHI)). ™ level sites ft {s the total area under
the mound except for the end areas (B x W), The design loading race
of soil with & percolation cate of 43 minYun (110 min/in) is 1 cm/Hay
(.24 fc?fday)

Basal area requived.:s daily flow + infilcracive cup of soil
= 1.7 o fday « 0.01 m/day = 170 m?

Basal area available = trench length (B) x (trench width (A) +
spacing (C) + downslupe lengeh (H)Y)
18.9 x (.9 + 4.5 + 5.7) = 210 m®

it

Therefore, sufficient area is available. If it were not, then the dow
slope width would be incfeased until sufficient ares is available.

43 Distribucion Netwerk

The systam conaists of a3 manifold and loterals. T to T eonstruction
is used so the manifold [{1ls before the laterals receive effluenc.
Using a perforation diumeter of .64 cm (1/& in), lateral lengths
of 9.1 m (30 fc), and 0.76 m (2.5 fr) perforation spacing, Table

2 shows that a 3.2 an (1-1/& in) diamccer pipe is vequired. The
distribucion system requires a manifold of 5 an (2 in) diamecer
PVC pipe which is 4.6 m (15 f£) long. Mole location is shown by
Figure 6. Lateritls on one side of munifold have one more hole than
laterals ou other side. These holes are lveated about 5 em (2 in)
from manifold.

5: Pumping System

Based on a design {low of 1.7 m?/day (450 gal /day), and a dosing
frequency of four times a duy, the volune per dosc is .43 mg/&hse
{115 gal /dosc). Storage for an additienal dayls supply is desirable
if failure cccurs. Additional space for plocing a pump above the
floor, and space for flow back is required. Therefore a pump chamber

3
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capacity ot 2.0 o (700 gallons) should be adeguate

Fipure s vsed to sine Lhe pamp, Hrimg o lateral spaciog of 0.7
m {7 LEY ek perivralion apaging ol U2 o (o te) with 004 cn
(1/6 in) disscter holes and g distal e bead ol gonl (0 4t) a
flow rate of 5.9 LA (0.145 ga/te3) of .bserption sred is required.
For a 24 m? (304 1t?) absorpeion area, a pump capacity of 200 L/min
(52 ppm) is required. Assuming g clevalion diffecence ol T.lm
(10 ft) between punp and lareral invert, a [riction loss from pump
to distal end wi Laterals ol uh m (.0 1LY, aund a 200w (& {e)
head at the distal end of laceral. the total bead is .1 m (20 ().
Therelore, o punp needs to deliver a ainjoum of 20 Loain {52 wpm}
at a given head ot w1 m (20 te). Ocis et al. (1979) ouclines a
more detailed procedure for determining head lous.

MOUMD CONSTRUCTI(N TECINIQUES

Site Preparation

A site which mects cthe criteria established in Table 1, should Le selected
and staked. The next step is to decermine where the pipe [rom the punping
chamber will conncct to the distribution systuem in the Fill material.

The discharge pipe from the punp to the mound ares should then Le inscalled
priov tu soil suriiace preparstion for the mound t avold campaction of

the prepared arca. The pipe [rom the pusp can be laid Lelow the (rosc

line or it can be lald on a uniform slope back te the pumping chamber

so that it drains afrer each pumping. The trench to the mound area should
be carefully backfilled and compactud €8 prevent bLack scepape of effluent
alonpg Lhe pipe.

Proper soil moisture content is extremely impurctanc on the less permeable
sites containing heavy testured soils. TUf the soil is too wet, smearing
and compaction will result, thus lowering the infilcration cupacity of

the soil. Proper moisture contdént can be determined on a sample of soil
obtafned at the buttwn of the plow layer, by rolling it betwcen the hands.
1f it rolls into a riblLon, the site 15 too wet to prepare. If it crumbles
as it is rolled, seil preparation can proceed.

Trees should be cut at ground level and excess vegetation removed pricr

to plowing. The site should be moldboard plowed, chisel plowed or rototilled.
It should be done perpendicular Lo the slupe. Rototilling musc be avoided
on the heavier seils because it tends to break up the surface struccure.
Once preparation huas been dune, placement gf the fill should proceed imme-
diately. Precautions must be taken to avoid vehicular tralfic direeccly

on the praparad surface.

Placcinent of Fill Matcerial

The £ill macerial is placed arvund the edge of the plowed area, being
caraful to keep che wheels of the front-end leader or dump truck off the
plowed arca. Excuss wehicular traffic should be avoided down slope of
the mound. The miterial ear then be moved inte place by using a small
crawler tractor with a blade or a small self~prupciled rototiller with

a blade. Always keep a 0.15 m {0 in) layer of sand beneath the crawler
tracks to prevent compaction of the aatural soil.

The filter material is them pluced and leveled to the maximum height required.
The absorption area is formed on the f£ill and is leveled to the proper
elevation. If a mixture of sand and topsoil is used, as in construction
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of the Sewapu Renovation Levee system in North Carvlina, then these materials
are lald dowm in 5-7.5 on (2-3 in) layers of cach and mixed by use of
a power rotutiller (Carlile et al. 1977).

Pistribulion ot 1§ Laenl

After leveling the boctom of the bed or trenches ac the proper elevation,
10=13 em (4=t in) of coarse appregate ol L2 - 5.0 cu (1/2-2 in) size

is placed in the bed or trench. The distribution system, as shown In Figure
Gy ds then placed aud connected Lo Lhe pipe Lrvw the pumping chamber.,

The laterals are latd fairly leve) vith the manifold sloping slightly
toward the inlet pipe. Additional aggregate is added to complecely cover
the pipe. The 10 em (4 in) conventional perforatwed pipe or modiflcation

of it, are not recoumended beciuse of their poor distribution churacterise
tics (Otis et al. 1978) which may lead to early [ailure of the system.

Final Mound Cap

Some material such as straw, marsh hay, untreated bullding paper, or fibrous
nylon fabric is placed over the apgrepate to prevent soil infilcration

into the aggrigoate. ln colder climites a cap of heavy soil material, is

added to provide frost protection and promote runoff (Fig. 2, 3, 4). The
depth of cap ranges from 0.15.m (6 in) on the cuter edges of cthe absorption
area to 0,30 w (1 ) iu L center of the womd. Then a seil cover of

silt loam to sandy loam top soil is placed to a depth of at least 0.15

m (6 in) over the entire mound. In milder climates Lf che eap is not used,
the top soil should be crowned in the center to allow precipitation to
readily drain off the surface.

‘The mound is now ready to be lundschped. A grass cover should be established
over the top of the mound area and should be the best lawn grasses adaptable
-to the area. Shrubs should not be planted on top of the mound buc may

be placed around the side slopes of the mound. These shrubs should be
somevhat moisture tolerant since the toe area of the mound may be quite
moist during vacrious times ol the year.

Maintenance
Frot il oy i1g

- t

The mound system normally requires little maintenance {f properly constructed
and dosed. In colder climates, care should be taken to ensure that the

supply lines all drain back to the pumping chamber after each dose ta

prevent [reezing or are below the frost linc. As in any system, solids

must be kept out of the supply line to preveat clogging at the Fill-aggrepate
interfaca as well as the perforations of the supply line. This is besc

done by pumping the septle tank every three years to prevenc sollds carryover
into the pumping chamber. IE the system does become clogged, some restora-
tion procedures are possibile, If the perforated lines have solids accumul-
ated in them, these can be flushed by removing the end cups and pumping
clean water from the pump chamber.. This can be facilitated by putting
turn~ups at the end of each lateral .and bringing it to the mound surface
with a cap. Where the absorption bed s clogged at the sand-gravel interface,
some restoration can be accomplished by resting the system for several

weeks. This is best accomplished during the dryer summer months, Studfes

are now underway to look at chemicul restoration of some systems through

use of strong oxidizing chemicals which destroy the clopging material

(Harkin and Jawson 1974). . '



2‘

8.

‘10,

11.

12.

i3.

14,

154

HIEFIRENCES
Niker. F. Go V977, Yarviability of hydeauliv comlucbivity clarseteriscics
in selected structurcd aud nonestructurcd solls. Water Resaurces Research
{in press)

Bouma, J. 1975. Unsaturaced [lnw during soil treatment af sepcic tank
eflluenc. J ENVIRON. ENCR., DLv &SCE, 10L:E., Proe. Paper 11723,
pp HiT-921.

Bouma, J., J. C. Converse, R. J. Otis, W. C. Walker and W. A. Zlebell.
1975 A mound system for on-site disposal ~f scptic tank ef Eluencs

in slowly pormeable soils with scasonally perched water tables. J

of ENVIRON. QUALITY 4:3:2-308, Nu. 3

Carlile, 3. L., L. W. Stewart, M. D. Sobsey. 1977. Status ol alternative
systems for sepclc wuste disposal in North Carolina. Proc. of 2nd
Annual Illinois- Private Sewage Dlsposal Symposium, Champaign,

Convarse, J. C., 1974. -Dlstrihu.:ion of domenstic waste effluent in
s0{l absorption heds, TRANS. OF ASAE 17:199-704.

Converse, J. C., J. L. Auderson, W. A. Ziebell and J. Bouma. 13975.
Pressurs discribution of improving soil absorptinn systems, llome Sewage
Disposal. ASAE. Publicotlom Pruc. 197%. Si. Jouseph, ML

Converse, J. €., R. J. Otis, J. Bowna. W. C. Walker, J. L. Anderson
and D. E. Stowart. 1973a. A design and construction procedure for
mounds {n slowly permeable soils with and without seascnally high
water tables. Small Scale Waste Mmagement Projece., 1 Agriculture
Hall, University of Wisconsin, Madison Wl

Converse, J. C., R. J. Otis and J. Bouma. 1975b. Design and comscruction
procedures for fill systems Iin permecable soils with shallow creviced
bedrock. Small Seale Wasce Management Prolect., ! Agriculture Hall,
Universicy of Wisconsin, Madison WI

Converse, J. C., R. J. Octs and J. Bouma. 1973c. Design and comstruction
procedures fur fill systems in permecable soils with high wacer tables.
Small Scale Wasto Management Project., | Agriculture llall, Unlversity
of Wisconsin, Madisou Wl

Harkin, J. M and ¥. D. Jawson. 1976. Clogging and unclogging of septic
system soepage beds. ASAE Puper Noo 70-002%, ASAE, St. Joseph, MI

Maclmeier, R. E. 1975, Design criteris for soil treacmont systens.
ASAE Paper 75-1577. ASAE., St. Joseph, MI

Machmeisr, R. E. 1977. Town and country scwape treatment. Bulletin
304. Agr. Extension Serviee, University of Minneseca, St. PBaul,

McCoy, E. and W. A. Zichell. 1975. The effects of effluencs on ground
water: bacteriological aspects. Proccedings of the National Sanitation
Foundacion. 2nd National Conference on Individual On-site Wastewacer
Systems, Ann Arbor, MI

Otis, R. J., J. Douma, and W. G. Walker. 1974. Uniform discribution
in soil absorption fields. Second National Groundwater, Special Issue
No. 1. Procecdings of Second NWWA~EPA National Groundwuter Qualicty
Synposium, J TECUH Div NWA, pp 409-417. NoveDec.




15.

L6,

17.

18.

19.

20.

155

Ouis, R. J., J. C. Converse, B. L. Curlite, J. E. Witty. 1978, Effluent
discribution. liume Sewage Treatment. ASAE Publicaclion 5-77 (this fssue)
St.Joseph, ML

Shafler, G, ¥. 1977, Personal communicael tons. Dept. ol Environmental
Resources, Warrisburg, [As '

Tyler, Eo J.o, E. McCoy, R. laak, 8. 8. Sandu. 197U, S0il as a treatmenc
systomn, Home Sewapce Treatment. ASAE Publication 5-77 (this Issue)
St. Joseph, MI.

Witz, R. L., 1975, Twenty-five years with the Norch Dakota waste disposal
system. lome Sewage Disposial . ASAE. Publication Proc. 175, St. Joseph,
HI

Wooding, N. If., 1975, Alternate methods of effluent disposal for on
lot home sewage systems. Bulletin ol Cooperative Extension Service,
College of Agr., Pennsylvania State Unlversity, Universicy Park, PA

Zaltzman,. R., 1977, Personal commnication, Civil Engineering Department,
West Virginia Unlversity, Morgantown. !






