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ABSTRACT

Soil disposal of geptic tank effluent was studied in 20 systems in
12 major types of soil in Wisconsin. Processes of goil absorption of
effivent from gravel-filled seepage beds and of ground-water f£low were
characterized by physical and hydrological methods. Purification of
efflvent during soil percolation was investigated by bacteriological and
chemical methods.

Ponding of effluent was observed in seepage beds over 9 months old,
in the entire range of soils, including the most permeable, at the same
time that the surrounding soil remained unsaturated. This phenoménon appar-
ently results from the presence of hydraulically resistant crusts a few
centimeters thick at the interface between the seepage bed and the surround-
ing soil. The effect of such crusts is to reduce the hydraulic head of the -
ponded effluvent, thereby allowing unsaturated conditions to persist in the
soil below the bed, and reducing infiltration rates 20 to 10C-fold, as com-
pared with those into uncrusted, saturated soil. A new field method, the
"erust test", was developed to characterize hydraulic conductivity (K)
values of unsaturated soil in situ. Measurements obtained by this method
and by the double tube method for determination of K in saturated soil
in situ were compared with those obtained by the mandatory percolation test.
The latter test, although useful as a simple, gereral indiecator of soil
permeability, was found to be more variable and less well defined than Kggt
values. In addition, a single percolation rate does not apply to real flow
conditions around operating seepage beds, which can more realisticaslly be
expressed by different K values as a function of crust resistance. The
occurrence of unsaturated flow is very significant for the filtration of
effluent, because it means that liguid will occupy only part of the voids
and will move relatively slowly through the smaller pores in a soil material
in which aerated conditions prevail,

Three types of disposal systems could ve distinguished in the different
goils:

1. Systems with a crusted seepage bed surrounded by highly permeable
sand, as studied in the C horizons of the Plainfield, Sparta and Vilas
loamy sands. Only the bottom area of the seepage bed, adjacent to the
effluent inlet, was crusted and used for infiltration in three relatively
new systems, varying in age between 6 weeks and 9 months. The crusted zone
progressively extended farther into the bed until the whole botiom area and
part of the sidewalls were crusted, as was observed in four older systems,
varying in age between 9 months and 12 years. Crusts in different systems
had a remarkably congtant hydraulic resistance, as evidenced by suberust
tensions in the sand varying only between 20 and 25 millibars (mbars)}. The
corresponding K values could be derived from the K-curve. ©Sizing of new beds
in sands may be based on guch valves. It was suggested to size seepage beds
in sands according to a flow rate corresponding with a tension of 30 mbar
(approximately 5 cm/day). Unsaturated flow induced by crusts was very effective
in removing fecal indicators from the percolating effluent within a few centi-
meters depth of soll. Absence of unsaturated flow, as observed in one system
where the seepage bed was submerged in the ground water, resulted in considerable
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lateral movement of feecal indicators in the ground water. A detailed study
of four systems in Adams County revealed that nitrification of effluent, con~
taining only NH,-N and organic~N, occurred in the aerated suberust soil.
Contents of NO3-N in ground water directly below some of these systems was
relatively high, but concentraetions decreased strongly at increasing dis-
tances from the gysems as & result of ground-water movement and dilution.

2. Systems with & severely crusted seepage bed swrounded by permeable
loamy soil materials, as observed in the IIC horizon (sandy loam glacial
till) of the Saybrook silt loam. In this instance the twelve year old system
had a crust that induced a tension of 80 mbar in the adjacent soil, corres-
ponding with an infiltration rate of only 8 mm/day, which was insufficient
to absorb average quantities of effluent in a seepage bed sized according
to the State Code. A field zxperiment in manipulation of effluent flow
showed that absorption by the soil in this system could be increased three-
fold if effluent were applied ("dosed") only once daily, rather than in a
continuous trickle. Dosing allowed a rest period between applications,
during which partial oxidation of accumulated crust materials gt the infil-
trating surface produced a lower crust resisbance, effective at the rext
application.

3. Systems that did not function for a variety of conditions, other
than severe crusting, as follows: a) the soil surrounding the seepage bed
had a low permeability that did not allow adequate absorpiion of effluent
even in uncrusted soil. Seepage beds that had failed because of this con-
dition were observed in subsurface horizons in the Withee silt loan,
Hibbing loam and Tustin fine sandy loam; b) bedrock, either creviced (under
Summerville loam, Door County) or massive (under Arland silt loam, Clark
County), was too close to the soil surface to allow construction of a sub-
surface seepage bed; c) a seasonally very high ground water table flooded
the subsurface seepage bed and made it ireffective in the Humbird sandy loam
(Clark County).

An alternative to a conventional subsurface seepage bed in these areas
is the "mound system", consisting of a seepage bed built inside a mound of
sandy soil fill material on top of the originsl soll surface. Six experi-
mental mound systems were investigated in this study. Soil physical data
were used to calculate reguired dimensions of mounds for different soils.
Monitoring results indicated that some systems worked well. However, an
improved system of effluent distribution needs to be developed that spreads
the liquid more evenly over the seepsge area during dosing. The current
system, using conventional L~inch highly perforated pipe s g8ve & very poor
distribution and resgulted in overloading of the parts of the bed in the
mound near the inlet.: Other recommendations for system construction and
management are made, based on the experimental date obtained to datbe.
Monitoring will be continued of the six mound systems and other recently
constructed ones.

The general problem of small scale liquid waste disposal has more aspects
than those associgted with soil absorption of septic tank effluent as dis-
cussed in this report. ¥or example, there are different methods of mechanical
treatment of wastes, not necessarily followed by soil absorption. Economical




and institutional guestions arise when the liquid waste disposal problem

18 discussed in a broader conbext. These questions, technical aspects of
mechanical treatment, and contimed monitoring of mound systems, are being
pursued now in an interdisciplinary project funded by the State of Wisconsin,
the Upper Great Lakes Regional Commission, and the Geological and Natural
History Survey, University Extension,




Photo 1.

Steps in the construction of a subsurface seepage bed. Perforated
pipes (P) were laid on top of 30 cm (12") of gravel (G) in an excava-
tion, which was 4 feet deep at this location. A few inches of gravel
are to be applied on top of the pipes and then soil is backfilled
into the excavation. Soil fill and gravelbed are separated by a de-
composable paper barrier (B) to avoid initial movement of fill mater-
ial into the gravelbed.




1. INTRODUCTION

Soil abgorption of septic tank effluent has been the usual process by
which domgsgtic liquid waste is disgposed in areas beyond the reasch of munici-
pal sewerage facilities., In some places the process has worked well for
decades, but at many sites in rural settings and in post World War II
suburban developments, soll absorption systems have been discharging
effluent to the surface before purification was completed. This all-too-
commont failure of the method may be correctable, but then only afier a
thorough secientific study of particular septic systems functioning in place
in the soil. Such a study was begun by the Soil Survey Division of the
Geological and Natural History Survey, in 1969 and the present report sume
marizes the findings of three field seasong and two winters of work.
Acknowledgment is made elsewhere of the cooperation of agencies and individ-
uals without whose participation and cost-sharing the project could not have
been brought te its present stage.

Soil absorption systems are teing installed at an increasingly rapid
rate, not only in suburbia, but also in recreationsl developments around
both natural and man-made lakes. In 1970, 14,000 permits were issued for
private sepitic systems by the Wisconsin Department of Health. In 1971 the
number increased to 19,k00 representing an investment of at least $20,000,000
in this state.

The septic tank - soil absorption system {FPhoto 1) is relatively simple
and, when used under proper conditions and management, has been entirely
satisfactory. The diagram (Fig. 1) shows major components and pathways.
Liquid wastes flow into a sgeptic tank which should have a storage capacity
equal to the accumulation over a three-day pericd. Processes of amgercbie
digestion go on in the ftank, producing on the bottom a sludge of decompos-
ition products which should be pumped out pericdieally. The ligquid flowing
out of the tank has & high biological oxygen demand (B.0.D.), contains many
fecal microorganisms and is therefore unsuitable for discharge into open
water or onto the soil surface. Health hazards are oreated wherever this
premature discharge ig permitted. The recessary final treatment of the
effluent is accomplished by leading it into a perforated pipe in a subsurface
seepage bed filled with gravel. The effluent moves into the soil below the
bed and through the substratum to the ground water. As it moves the liquid
ig purified by processes of absorption, filtration, and microbioclogical
decomposition. Once the liguid has merged with the ground water, it moves
laterally and is suitable after some time for pumping and reuse. The
hydrologic cyele is then complete (Fig. 1).

Soil materials can be very effective filters, both with respect to
feecal microorganisms and to chemical compounds where conditions are suitable
(Bouwer, 1968, 1970; Parizek et al., 1967). Errors in placing septic systems
in soils where conditions are unfavorable for their opsration has resulited
in failure, in many cases within the first year. Improper construction and
system maintenance may algo result in system failure, even in potentially
very suitable soils.

Field procedures for determining soil suitability for liquid waste
disposal were devised as early as 1928 in New York State by Ryon, who
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Fig. 1. Recycling of ligquid wastes by soil absorption of sepbic tank
effluent.

introduced the soil percolation test (McGauhey and Krone, 1967). This test,
with some modifications, is still widely used, and is the basis for caleculs-
tions of sizes of seepage beds for a given loading rate. However useful the
percolation test may be as a simple indicator, it is from the sclentific
point of view incepable of precise definition and of yielding reproducible
results.

In recent years pedological criteria have been included in regulations
developed by the Wisconsin State Board of Health (H 62.20, 1969) for private
domestic systems of sewage treatment and disposal. A planner using these
eriteria, including depth of soil over bedrock or water table, and soill slope
can eliminate consideratlion of areas of unsultable soils with the aid of a
detailed soil map (Cain and Beatty, 1965).

Failure of soil absorption systems has been largely described in terms
of a loss of infiltrative capacity. This ignores the serious bacterioclogical
and chemical pollution of ground water, lakes and streams that may be caused
by rapid movement of effluent through coarse, poroug soile including sands.
Fortunately, an inhibiting organic crust forms on the surfaces of seepage
trenches even in sands, so that within the first year of operation of a well
loaded system the rate of movement of efflvent from the trenches decreases
and purification improves before discharge to ground water or streams. In
cases of extreme crusting, systems in initisally permeable soils may overflow
and unsafe effluent escapes to the surface.
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Soil erusting or clogging has been discussed by McGauhey and Krone (1967)
and Popkin and Bendixen (1968), who have suggested relevant adjustments in
congbruction of systems as well ag in their management, that may include
mechanical pretreatment of effluent and its intermittent release (dosage)
into the the seepage field. These recommendations were based on laboratory
experiments with columns randomly filled with sand and various sggregates
which could not duplicate many natural seoil structures and field conditions
that profoundly influence movement of liguid wasbtes. Comprehensive invesgti-
gations of the soil-liquid system in situ have not been reporied.

The objectives of the research program reported here were, therefore, to:

1. Tnvestigate the performance in terms of sbsorption and purification
of septic tank soil absorption systems under field conditions in major hori-
zons of representative soils of Wisconsin;

2, Develop criteria and field methods that will provide reproducible
guantitative data from which realistic estimates can be made of the capacities
of soil units of Wisconsin landscapes to gbsorb and purify vaste-hesring ligquids;

3. Explore methods of satisfactory liquid wasgte disposal in soil mat-
erials at sites which by present criteria are unsuitsble for soil absorption
systenms.

Attainment of these objectives is possgible only by efforts of a multi-
disciplinary team of workers, in view of the operation of physical, chemiecal,
and bacteriological processes in a ligquid waste digposal system. The present
project hag involved microbiclogists of the Department of Baciteriology,
soil chemists and soil physicists of the Department of Soil Science, of the
College of Agricultural and Life Sciences, and hydrogeologists and soil
morphologists of the University Extension Geologicel and Natural History
Survey, all based on the University of Wisconsin campus at Madison. This
cooperative research program has developed through 197C and 1971, with
attention being focused most recently on movement and transformation of
nitrogen and phosphorus compounds in soil and ground water.

The field season of 1969 (July 1 - Nov. 1) was used to test field
procedures for measuring hydravlic conducetivity and to compare results with
those obtained by the soil percolation test. Work was dore at the Charmany
and Mandt Experimental Farms, of the University of Wisconsin, in Madison
and at field locations near Omro and Oshkosh (Bouma and Hole, 197la). Results
were reported in a progress report (Bouma and Hole, 1970). The field season
of 1970 (April 15 - Nov. 1) was used to further test these field procedures
at the same locations. In addition, operating septic tank disposal systems
were monitored at the Marshfield, Arlington and Hancock Experimental Farms
of the University of Wisconsin and at field locations near Ashland and
Friendship. Experimental "mound” systems were studied in Clark County.

A field method was developed to measure unsaturated hydraulic conductivity
in situ. Results were reported in a second progress report (Bouma and Hole,
1971a). The field season of 1971 (April 15 ~ Nov. 1) was used to monitor &
series of five systems in sandy soils in Adams County and systems in sandy
soils in Stevens Point and Black River Falls. Several septic gystems near




lekes were investigated in cooperation with the Inland ILake Renewal Project, Univ-
ersity Extension. Study sites were near Xelly Iake (in a silty clay

soil), Dardis Iake, and Pickerel Lake (the latter two systems in sandy soil).
Several "mound” systems were designed for sites in the Ashland area (in a

clay soil)., Four existing mound systems on shallow loamy soils over creviced
bedrock, were monitored in Door County.

The overall gcope of the problem extends beyond technical agpects closely
asgociated with the soil. New technical developments in amall scale
mechanical waste~-treatment facilities msy prove so effective in the future
that soil materials are no longer needed. In addition, socio-ecomomical and
envirommental consgiderations will most probably influence and direct fubture
developments. These two aspects, in addition to continuing soil studies,
are part of a recent larger research project of the University of Wisconsin
on small scale waste systems in Wisconsin. This report 1s restricted to
soll aspects of absorption and purification of septic tank effluvent as studied
in the period July 1969, through November, 1971,




2. SOME PHYSICAL AND MORPHOLOGICAL ASPECTS OF INFILIRATICN AND
MOVEMENT CF LIQUID THROUGH SOIL MATERTALS

2,1. Introduction

Flow of liguid through poreg in solil materials 1s & physieal process,
governed by characteristic physical constants, which have been studied in
great detall in the recent decades. Some current reviews and textbooks
provide an excellent picture of the present state of soil physical knowledge
(Rose, 1966; Childs, 1969; Hillel, 1971). Receunbly an attempt was made to
relate morphological soil structure data, as assembled during soil survey
studies, to flow phernomena (Bouma and Anderson, 1972).

The central problem of this study, which 1s soil absorption and percol-
ation of liguid waste, is directly related to, and can be predicted by using,
the hydrauvlic characteristics of the soil. In addition, filtration and
purifiication of wastes, while moving in soil materials, will be a function
of travel-path and travel-time through the very complex soll pore geomeiry.
Fhysical and morphological techniques can be used to predict those character-
istics. The purpose of this chapier, then, is to broadly review some
basic concepts of the occurrence of liguid in and flow through soil materials,
and to relate those processes to some major soils of Wisconsin., Only some
general principles will be discussed. The reader is referred to the litera-
Tture for a more in~depth analysis.

2.2. Morphological and physical characterization of soil porosity

Soil pores, contributing the non-solid phase of a soil material, have
a wide variety of sizes and shapes due to the varying arrangement of the
golid soil particles. The term soil structure in this context refers to
the physical constitution of a soill material as expressed by size, shape,
and arrangement of the solid particles and voids (Brewer, 196L4). Two levels
of goil structure can be distinguished when considering soil porosity: 1. The
basic structure, which is the structure of the primary particles of clay, silt
and sand,and 2, The secondary structure, which is the structure of aggregated
g01l materials in which primary partiecles are combined into larger natural
units, called peds, that are separated by natural voids. Fig. 2.2.1. illustrates
these structures schematically. Fig. 2.2.la. depicts an apedal soil material,
that is, without peds., Sizes and shapes of pores hetween individwal grains,
packing pores, are determined by sizes and shapes of the sgolid particles and
their arrangement as shown in the inserted picture. Iarger pores, with a
size and shape not determined hy the packing of elementary grains, may cccur
in this matrix. These can be tubular channels, formed by roots or animals,
that wsually have a regular configuration of the walls and a certain contin-
uity, and vughs, that are defined as irregularly shaped discontinuous pores.
This theoretical model is substantiated by observation of actual soil materials
ag illustrated by subsequent figures. Fig. 2.2.2. shows a natural zpedal
structure as exposed in a horizonmtal soil peel (Boume and Hole, 1965) from
the C horizon of a Plainfield loamy sand that exhibits packing voids. Sizes
and shapes of such pores can be measured with microscopic technigues using
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Fig. 2.2.3. As Fig. 2.2.2. but at larger magnification as seen in a thin
section.
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between peds

channels

—
|0

Fig. 2.2.4. Fine pedal soil material in a horizontal soil peel from the
B2t horizon (silty clay loam) in a Plano silt loam.
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Fig. 2.2.5. As Fig. 2.2.4. but at a larger magnification as seen in a
thin section. Note vughy S-matrix.
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Fig. 2.2.6. As Fig. 2.2.k, but at much larger magnification as seen
with the Scanning Electron Microscope (photo courtesy of
Dr. Sachs, USDA Forest Products Laboratory).
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Fig. 2.2.7. Coarse pedal soil material in a horizontal soil peel from the
B2 horizon (clay) in a Hibbing loam.
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Fig. 2.2.8. As Fig. 2.2.7. but at a larger magnification as seen in a
thin section.
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thin sections of soil materials, which are slices 0.02 mm thick of plastic=-
impregnated and hardened soil (Buol and Fadness, 1964). Fig. 2.2.3. is a
photograph and tracing of a thin section of a sandy soil as seen through a
microscope. Fig. 2.2.1b. presents a model of a pedal soil material. The
compound units, called peds, are separated by voids, commonly planar voids.
Channels and vughs may occur inside peds (intrapedal) or between peds
(transpedal). Note that dimensions of small pores inside peds are determined,
as always, by the packing of the elementary grains. The photograph and
tracing in Fig. 2.2.4. show the natural pedal structure in a horizontal
section through the B2 horizon of a Plano silt loam, where peds are separated
by planar voids. The basic structure inside a ped made from a thin section
of the same horizon is pictured in Fig. 2.2.5. Many irregular vughs occur

in the matrix (S-matrix of Brewer, 1964), which has very fine pores due to
the small size of the primary silt and clay particles. A better view of this
microfabric is obtained with the scanning electron microscope (Fig. 2.2.6.).
Peds in clay soils are coarser. A section of the B2 horizon in a Hibbing
loam (Fig. 2.2.T.) shows medium prisms. The basic structure inside the peds
is dense and interpedal planar voids are the dominant type of larger pores,
as shown in a view of a thin section of this horizon (Fig. 2.2.8.).

All the morphological pictures were by necessity made of dry soil,
since wet soil is not used for making soil peds and thin sections. Under
natural conditions at least some of the pores are filled with liquid. The
basic physical characteristics mentioned in the following chapters have
been determined on both dry and moist soil. A soil sample consists of solid
particles and voids, a fraction of which may be filled with liquid (Fig. 2.2.9.).
If we assume that the weight of solid particles is M , that of the water M,,
and that total weight is My grams, the corresponding volumes are: Vg, Vy and
Vi. Here also the volume of pores filled with air (Vg) has to be included,
which contributes negligibly to weight but constitutes an important part of
the total soil volume. The volume of the pores is then V, = Vg + V. The
following characteristics are most commonly distinguished (see also Hillel,
1971), methods of determination of which are discussed later in Chapter 3.

Weight =M, gr,3
Volume= Vs cm

SOLID PHASE

AIR PHASE

Volume=V,

LIQUID PHASE
Weight =My, gr. Total weight =M, gr.
Volume = Vy cm 3 Total volume=V; cm3

Fig. 2.2.9. Schematic diagram of the soil as a three-phase system.
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1. Perticle density 03 which is defined as:

M
0 = (er/cm)
s

Thig value is used to calculate the volume of & certain dry weight of scil.
Values are vsually about 2.6-2.7 gr/ em3.

M M
X - 5 . :
2. Bulk density B.D. = —Vt = T, (baged on dry soil weight).

Thig value is always smaller than p, because §and Wy are also included.
Sometimes bulk density is determined, including water:

S‘{-MW

vt

We will use B.D.{dry) exclusively because this is the value used to calculate
Ay from A, (see Point 3 below).

B.D.{wet) =

Porogity is defined as:

v ¥
pr__P.:.__..P...._.«.

v V 4V +V

t P W s

and 1s normally expressed as & percentage. This value uses the total volume

of all pores. Thus, no distinctions can be made between different types of
pores with different functions in the soil fabric. Here, morphcological analyses
can te helpful. :

3. BSoll wetness can be expressed in two ways: 3.1. Fercentage by weight:

100 - Mw
w oo M
where MS is determined after dryling the soil at lOSOC. 3.2. Fercentage by volume:
100 « V
e
v V +V_+V
s a w
These two characteristics are interrelated as follows:
8« B.D,(dry)
8 =%
v P

where p = density of water.

Soil volume is a relevant factor in several of the characteristics
defined above. This may change when dry soil 1s wetted. Most soil malterials
containing clay will expand upon wetting which is mainly duve to the mineralogl=-
cal and chemical nature of the clay minerals and to chemical characteristics
of the wetting liquid. Thus, it follows that B.D., and Ay values will be
affected. The saran~method has been developed to measure the amount of swelling
at different moisture contents (Section 3).
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2.3. Fhysical characterization of liguid in soil materials

Soil wetness, as considered in ‘the previous section, refers solely to
the total amount of liguid in a goil sample. In addition, it is ilmportant
to ascertain the distribution of water in the soll at different moisture
contents, and to understand the natural laws that govern it. As the moisture
content decreases,water leaves the larger soil pores but remains in the
finer oneg., This can be explained by considering the basic phenomena of
liguid surface LHension and capillarity. BSurface tengilon oeceurs iypilecally at
the interface of a liquid and & gas. Molecules in the liquid atiract each
other from all sides. In the surface areas the molecules are aittracted into
the denser liguid phase by a force greater than the force attracting it into
the gaseous phase. The resulting foree draws the surface molecules downward,
which results in a itendency for liquid to contract. Surface tensgion has the
dimension of dynes/cm. Tnereased salt concentrations tend to increase the
surface tengion of water, whereas organic solubles like detergents tend to
decrease it. Capillarity refers to the well known phenomenon of the rise
of water into a capillary tube ingserted in water, due to its surface tension,
The Tiner the tube, the higher the cgpillary rise and the greater the nega-
tive presgsures below the water meniscus in the tube. Thie negative pregsure
(p) is a result of the curvature of the meniscus, which increases as tubes
become smaller, and can be calculated (in dynes/ecm?) as follows:

oL
25 cos (l)

P = -

Where 0 = surface tension of the water (dynes/cm), ¢ = the contact angle of
ligquid and solid (see Fig. 2.3.1.) and r = radius of the capillary. The
height of capillary rise is:

_ 20 cosa
=

s

where p = density of the water (gr/mu3)and g = gravitational consgtant -(g
Funetion (1) can be pictured as a continuous graph, relating capillary radius
to corresponding pressure (Fig. 2.3.1.). To represent the porosity of a
certain gsoil material as a bundle of capillaries, with a characteristic gize
range is, of course, an unrealistic model ag real pores in the soil have a
much more complex configuration with varying sizes and discontinuities.

This representation can nevertheless be helpful to visualize flow phenomena
in soils, particularly when soil moisture contents are relatively close to
saturation, as will be the usual cage in this study. Different pressures of
water, as introduced in equation (1), indicate different levels of energy.
This is important as movement of walter results from energy gradients in the
soil. Of the two principle forms of energy, kinetic and potential, the latter,
which is due to position or internal condition, is of primery importance in
determining the state and movement of water in the goil. The total potential
of goil water is defined as (Aslyng, et al., 1963): "The amount of work that
must be done per unit guantity of pure water in order to transport revergsibly
and isothermally an infinitesimal quantity of water from a peol of pure
water at a specified elevation at atmospheric pressure to the soil water."
The potential can be best expressed as energy per unit weight (hydraulie
head, in cm water). This total potential is composed of several separate
potentials because soil water is subject to a number of force fields, which
cause its potential to differ from that of pure, free water. Such force
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fields result from the attraction of the golid matrix for water (matric poten-
tial), as well as from the presence of gravitational foreces (gravitational
potential)., In addition, the presence of solutes (osmotic potential) and

the action of external gas pressure may contribute to total potential. Matric
potential refers to the pobtential of water uunder regative pressure, which
results from capillary forces (Equation 1) and adsorptive forces due to the

soil matrix. Such soil is said to have & ceritain "suction” or "tension"

vhich can be expressed in a positive figure as centimeters water or in millibars
(1 mbar = 103 dyne/om2 = pressure of 1,022 cm water), As our study is con-
fined to relatively "wet" soils (matric potentials ranging from QO %o around

100 cm)}, capillary forces will be domimant. The matric potential can be
measured in the field as a soil moisture tension, using tensiometers (Chapter 3).
The gravitational potentisl is due to the sttraction of every body on the
earth's surface towards the center of the earth by a gravitational force equal
to the weight of the body. To raise this body against this attraction, work
must be done, and this work is stored by the raised body against this attrac-
tion, work must he done, and this work is stored by the raised body in the

form of gravitational potential energy, which ig determined at each point by

the elevation of the point relative to some arbitrary reference level. Therefore:

Eg = M.g.z. (2)

where Bg is the gravitational potential energy of a mass M of water at a
height z above a reference and g = acceleration of gravity. This potential,
expressed per unit weight, becomes: BEg = z (in cm).

At zero tension all pores in the soil are filled with water (assuming
that isolated air pockets do not exist). With increasing soil moisture tension
progressively smalier pores will empty as the capillary force they can exercise
becomes insufficient to retain water against the tension applied (see Equation 1).
The rate of decrease of water content in & soil sample upon increasing ten-
gion is characteristic, as it is a function of its pore size digbributicn.
Moisture contents in the same soll sample are different at corresponding
tensions when the soil is gradually wetted %o saturation, rather than
desorbed, starting ait saturation. The difference is the so~-called "hysteresis"
phenomenon, which is discussed elsewhere (Hillel, 1971). All our curves are
based on a desorption process. Techniques are available (Chapter 3) to
experimentally determine this so-called "soil-moisture-retention-curve',
Fig. 2.3.2. shows guch curves for = sand, a silt lecam, and a clay soil,
demonstrating the effect of their different pore types. These pore types
are schematically represented in Fig. 2.4.3., which is used in the discussion
of soil permeebility in Section 2.4. The sand has many relatively large pores
that drain at relatively low tensions, whereas the clayey soils release only
a small volume of water, because most of it is strongly abszorbed in very
fine pores. The silt loam has more coarse pores than does the clay soil.
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2.4, Physical characterization of liquid movement in soil materials

The amount of flow through a soil sample is proportionate to the potential
gradient. This, basically, is Dercy's law as stated for a ore dimensional
steady-state condiiion of flow:

AH
a=x- (3)

where g = flux (cm - sec_l) of water [= Q/(A*t)], which is the volume (Q) of
water flowing through a cross-sectional area A per time t, K is the hydraulic
conductivity (em - sec'l) and AH/L is the hydraulic gradient, which is the
drop of the hydraulic head per unit distance in the direction of flow (dimen-
sionless). This equation applies to both saturated and unsaturated soils,
although hysteresis effects may offer problems in the latter case (Hillel,
1971). In this context we will only consider steady state conditions of
flow, in which the flux remains constant and equal along the conducting system.
Field measurement of moisture tensions, around operating crusted seepage
beds, hag indicated the occurrence of basically steady state conditions.
Unsteady-flow processes, in which the magnitude of the flux and the potential
gradient vary with time, require additional mathematical expressions (Hillel,
1971, Childs, 1969).

The flux ¢ is measured per unii cross-sechbional area. Part of that area
(at least 40%) is occupied by the solid phase, which implies that the real
velocity of flow in the soil pores itself is larger than g. If the soil
would be composed of simple capillary tubes, with a gpecific size, calcula-
tions of the real flow velocity in those pores would be easy. However, pores
vary in shape, width and direction, and the actual flow veloeity in the soil
is variable. At best, therefore, one can refer to some "average" velocity
(v) that can be calculated on the basis of the water-filled porosity at each
tension. The miscible displacement studies of Biggar and Nielsen (1962)
indicate the practical gignificance of thig approach,

=3
v =3 (1)
W
where ¢y 1s the water filled porosity, as derived from the moisture retention

curve. At unit hydraulic gradient, we f{ind:

According to Egquation (3), flow rates can vary considerably with varying
hydraulic gradient. The hydraulic conductivity (K), however, is defined as

the flux at unit gradient, and can, therefore, be considered as a characteristic
value for the soil. This basic difference between flow, or infiltration

rates and hydraulic conductivity (K) values will be further discussed in
Chapter 6.1. K values can be measured with physical techniques (Chapter 3).
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Physical equations have heen developed for certain types of pores to
relate pore size to flow rates (Childs, 1969). For a cylindrieal pore of
radius r we find:

L __
o/t = TFEE~ « grad § (Pig. 2.1.1.) (5)
For a plane slit of width 4, and unit length:
3
Q/t = %ﬁ——« . grad § (Fig. 2.4.1.) (6)

where Q/t = fiow rate {cm3/cm2/sec), p = density of water (gr/cm3),

g = gravitationsl constant (cmE/secj, M = viscogity (dyne/cm), grad § =
hydraulic gradient (em/em). These equations are graphically expressed in

Fig. 2.4.2., that demonstrates the great effect of pore size on flow rates.
Morphological studies (Section 2.2.) attempt a classification of pore types,
among which cylindrical channels and planar voids figure prominently. It
appears possible, at least for some soils, to calculate K values from morpho-
metric data, using Equations (5) and (6) that relate pore size to permeability
(Bouma and Anderson, 1972). A physical method was introduced by Marshall '
(1958} to calculate X values from moisture retention date, following an
equation which relates pore silzes to K valves, including a pore interaction
model. Pore gizeg are indirectly derived from the moisture reterntion curve,
using Equation (1). Green and Corey (1971) have revised the method and

their procedure has been spplied in this study (Chapter 3). The dominant
effect of pore sizes on permeability is evident when K values of a soil
material are compared, that are measured at different degrees of saturation.
Unsaturated soil below an infiltrsting surface may have different causes,

such ag the oceurrence of a physical barrier to flow or an inflow rate which
is lower than the saturated hydraulic conductivity. We may assume three
different soil materiasls, with pore size distributions schematically
represented in Fig. 2.4,3. The uppermost "soil" is coarse poroug like

a sand, the lowest one is finely porous (like a clay). Without any physical
barrier (a "crust") on the soil surface and with a sufficient supply of

water, all pores are filled and each will conduct water downward as a result
of the potential gradient of 1 cm/cm, due to gravity. The larger pores will _
conduct much more water than the smaller ores (see Equation 5 and Fig. 2.k.3.).
Suppose a weak crust now forms over the top of the tubes. FPores will only
i1l with water if the capillary force they can exercise is strong enough to
overcome the resistance of the crust. The larger the pore, the smaller the
capillary force that can be exercised (Equation 1). Therefore, larger pores
will empty first at inereasing crust resistance, creating unsaturated soil
and soil moisture tensions (Section 2.3), and leading to a strong reduction
in the hydraulic conductivity of the scil.

With no crusts present, similar processes can ceccur, when the rate of
application of water to the capillary system is reduced. With sbundant supply,
all pores are filled. As this supply, which is supposed to be divided
evenly over the infiltrating pore system, is decreasged, insufficient water
is avalilable to keep all pores filled during the downward movement of the
water. Larger pores will empty first, as they conduet most Lliguid while
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Fig. 2.4.3. Schematic diagram showing the effect of increasing degree of
crusting or decreasing rate of application of liquid on the
rate of percolation through three "soil materials”.
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at the same time, they exercise only relatively small capillary forces.
Thus in this system, a certain size of pore can only be filled with water
if smaller poreg have an insufficient capacity to conduct away the applied
water,

The degree of reduction in K upon desaturation and increasing soil
moisture tension is characteristic for the pore-size distribution, as is
graphically demonstrated in Fig. 2.4.3. Coarse porous soils have a relatively
high saturated hydraulic conductivity (Ksat); but K drops strongly with

increasing tension. Fine porous soils have a relabively low Kggps but X
decreages more slowly upon increasing tension. Experimental curves, deter-

mined in the field with the crust test (see Chapter 3) show such patierns
for natural soil. Fig. 3.2.4.1. shows curves for a sand, a sandy loam, a
g1lt loam and a clay soil, relating K and soil moisture tensions in unsat-
urated soil.

In summary, then, the higher the "crusi" resistance, or the lower the
rate of application of water, the higher the soil moisture tension in the
underlying soil, and the lower the relevant hydraulic conductivity (K).
These characteristics were described here for steady state, eguilibrium
conditions in a ore-dimensional system, where, at & hydraulic gradient of
1 cm/cm, flow rates are equal to the hydraulic corductivity. More complex
tvo~dimensional flow systems with curved flow lires can be characterized
with mumerical (Amerman, 1969) or analytical techniques (Raats, 1971).
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3. METHODS

3.t. Introduction

Soil disposal of sepbic tank effluent can only be considered satis-
factory if effluvent is abgorbed in sufficient quantities and if processes
of filtration and absorption will purify the liquid before it can be
recycled. FPhysical methods were used to study flow of liquid and bacter-
iological and chemical methods were used to invesbigate aspects of effluent
purification. However, processes of filtration and absorption are
strongly related to the flow procesgses in the soil. For example, relatively
slow liquid movement through fine soll pores in unsaturated soil will
result in a prolonged and closer contact between soil and effluent as
compared with flow under saturated conditions when ligquid will move much
faster. Although discussed separately in this chapler, further discussion

of experimental results in Chapters 5 and 8 will demonstrate the close
functional relationship bebween the different methods.

3.2. Physical methods

3.2.1, Introduction

Physical aspects of soil absorption of septic tank effluent from
subsurface seepage beds were studied with different methods. Soil moisture
ténsions in the soil around the beds were determined with tensiometry to
characterize the water potentials in the aectual flow systems (Chapter
3.2.5.). Basic hydraulic properties of the soil were determined in situ
with the double tube method for measurement of Kgqs (Chapter 3.2.3.) and
the newly developed crust method for measurement of K of unsaturated
soil, the latter to relate soil moisture tensions to gpecific K values
(Chapter 3.2.4). Moisture retention characteristics, used to "translate"
moisture tensions into volumetric moisture contents were determined in
the laboratory using undisturbed soil cores {Chapter 3.2.5). EFach of
these methods were used not only to deseribe the actusl flow conditions
in the soil, but also to predict a range of potential conditions resulting
from possible different flow regimes in the system. The State Percolation
Test, required by State law to be performed at any prospective disposal
site that is not disqualified for other reagons, is described in Chapter
3.2.2.

3.2.2. 'The Percolation Test (from Chapter H 62.20:

State Board of Health,1969)
Fercolation Test Procedure.

"(a) Type of hole. The hole shall be dug or bored. It shall have
vertical sides and have a horizontal dimension of I to 12 inches.

(b) Preparation of hole. The bottom and sides of the hole shall be
carefully scratched with a sharp pointed instrument to expose the natural
soil interface. All loose material shall be removed from the bottom of

the hole which shall then be covered with 2 inches of coarsge sand or gravel
when necessery Ho prevent scouring.
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(¢) Test procedure, sandy soils. For tests in sandy soils containing
little or no clay, the hole shall be carefully filled with clear wabter to
a minimum depth of 12 inches over the gravel and the time for this amount
of water to seep away shall be determined. The procedure shall be repeated
and if the water from the second filling of the hole at least 12 inches
above the gravel seeps away in 10 minutes or less, the test may proceed
immediately as follows: Water shall te added to a point not more than
6 inches above the gravel. Thereupon, from a fixed reference point, water
levels shall be measured at 10-minute intervals for a peried of one hour.
If 6 inches of water seeps away in less than 10 minutes, a shorter interval
between measurements shall be used, but in no case shall the water depth
exceed 6 inches. The final water level drop shall be used to caleulate
the percolation rabe. Soilg not meeting the above requirements shall be
tegted as in subsection (d) below.

(4) Test procedure, other soils. The hole shall be carefully filled
with clear water and a minimum water depth of 12 inches shall be maintained
above the gravel for a lb-hour period by refilling whenever necessary or
by use of an automatic siphon. Water remaining in the hole after Ut hours
shall not be removed., The goil shall be allowed to swell not less than
16 hours or more than 30 hours. Immediately following the soil swelling
period, the percolation rate measurewents ghall be made ag follows: Any
goil which has sloughed into the hole shall be removed and water shall be
adjusted to & inches over the gravel. Thereupon, from a fixed reference
point, the water level shall be measured at 3C-minute intervals for a
period of 4 hours unless 2 successive water level drops do not vary by
more than 1/16 of an inch. The hole shall be filled with clear water to a
point not more than 6 inches above the gravel whenever it becomes nearly
empty. Adjustment of the water level shall not be made during the lagt
3 measurement periods except to the limits of the last measured water level
drop., When the first 6 inches of water seeps away in less than 30 minutes,
the time interval between measurements ghall be 10 minutes and the test
run for one hour. The water depth shall not exceed 6 inches at any time
during the meagurement period. The drop that oceurs during the final
measurement period shall be used in calculating the percolation rate.”
(Proto 3.1)

The percolation rate, measured with the State Percolation Tesgt, is
based on the rate of downward movement of the water level in the test hole
in specified time periods. The varying water level mskes the test rather
complicated, and increases the variability of test results {see Chapter
6.1). We decided, therefore, to also use a modified test with a constant
water level in the hole. Test holes were similar to those used for the
State Percolation Test. A mariotte device was used to maintain a constant
water level in the hole {Phoko 3.1). Water flowed into the hole through
8 plastic tube from an otherwise sealed 5 gallon comtainer that was mounted
on a gtake driven into the soil. Ouiflow from the container was measured
regularly by observing the water level in a small external itransparent
sealed plastic tube conpecting the upper and lower parts of the contairer.




Photo 3.1. Percolation test procedures

Percolation test constant level (CLPT) State Percolation test (SPT)
The water level in the container (C) as vis- The water level in the hole is measured with a
ible in gauge (G), is measured frequently to scale (8) calibrated in inches, that is attached
monitor rate of infiltration into the soil. to a float (F) that moves up and down with the
The constant level of water in the hole is water level in the hole. The stovepipe (P) is
maintained by a mariotte device, that bubbles used for pouring water in the hole and as a
air (A) into the entirely closed container. support for the float.

n
(o)}
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3.2.,3. In sgitu measurement of saturated hydranlic conductivity:
The Bouwer double tube method

Tis method is a standard procedure for measuring hydraulie conductiv-
ity of saturated soil, well above the ground water table (Boersma, 1965,
in: Methods of Soil Analysis, Part 1, p. 234%), With the double tube
method, two concentric tubes are inserted into an auger hole and covered
by a 1id with a standpipe for each tube (Fig. 3.2.3.1.). Water levels
are maintained at the top of the standpipes to create & zone of positive
water pressures in the soil below the bottom of the hole. The hydraulic
conductivity (K) of this zore is evaluated from the reduction in the rate
of flow from the inner tube into the soil when the water pressure inside the
inner tube is allowed to become less than that in the outer tube. This
is done by stopping the water supply to the inner tube (closing valve a)
and measuring the rate of fall of the water level in the standpipe on the
immer tube while keepling the standpipe on the oubter tube full to the top.
This rate of fall is less than that obtained in a subseguent measurement
in which the water level in the outer tube standpipe iz allowed to fall
at the same rate (by manipulating valve ©b) as that in the inrer tube
standpipe. The difference between the two rates of fall is the basis of
the calculation of K.

Procedure:

The different stages of the method will now be explained in more
detail with reference to the numbers on the included pictures (FPhoto 3.2),
A large suger, with a diameter of 10 inches (1) is used to make a cylindrical
hole (2) to the desired depth. A botiom scraper (3) is used to obtain
a Tlat surface at the bobttom. ILoose soll is removed from the hole. Before
using the hole cleaner {I) the outer tube (8) is forced down in the hole.
It is of%en necessary to widen the hole locally to make this possible.

This is done with a scraper, not pictured here. When the outer tube is
found to fit well it is temporarily removed again. The hole cleaner (4)
is gently forced into the soll at the bottom of the hole. If the soil is
dry, premoistening of it may be necessary. The thin metal fins of the
hole clearer should peretrate gbout 2 cm into the soil. Next, the hole
cleaner is pulled out of the hole with an upward cork-screw movement that
prevents smearing the soil surface, as would happen if the cleaner were
turned without being pulled wp at the same time. The detached mass of
soil is up-ended for observation of the natural broken surface of soll
held between the finsg., A corresponding natural broken soil surface ig
left at the bottom of the hole.

The outer tube (8) is forced down as evenly as possible sbout 5 cm
into the soil at the bottom of the hole {13). This may require careful
blows of & sledge hammer on a wooded cross-piece. Control of the distance
is by measurement from a fixed horizontal reference rod {15). With a
vacuum cleaner (5), powered by a portable electric gemerator (6), loose
goil fragments are removed from the bottom of the hole. Thig bottonm
surface is then covered with a thin ( 1 om) layer of coarse sand (7) on
top of which a baffle is laid (12), with attached strings looped over the top




Photo 3.2. Measurement of the hydraulic conductivity
with the Bouwer Double tube apparatus.




Abbreviated explanation of numbers:

1 = soil auger, 2 = test hole, 3 = bottom scraper, 4 = hole cleaner, 5 = vacuum clearer,
6 = generator, 7 = bucket with sand, 8 = outer tube, 9 = inner tube, 10 = top plate,

11 = wrench to attach top plate to inner tube, 12 = energy breaker, 13 = outer tube in
test hole, 14 = water-hose, 15 = reference rod, 16 = assembled inner tube - top plate,
17 = OTS-full measurement, 18 = equal level measurement.
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of the tube. The outer tube is slowly filled with water (14). The energy
breaker and sand layer protect the natural soil surface from erosion by
the turbulent water. Then the inner tube (9) and the top plate (10)

which has two basal standpipes leading to the immer {ube and outer tube,
respectively, and three valves (a, b and c¢)* are assembled into one

fixed unit (16). A special wrench (11) is used to tighten a ring with
washer inside the inner well of the top plate (10). This binds the inner
tube to its standpipe.

The distance of the Dbottom of the inner tube from the top plate
should be so spaced that the bottom of the inner tube will be only a few
cm above the sand when the assembly (16) is set into and attached %o the
outer tube. The hose (14) is then attached adjacent to valve c on the
top plate (1). When the outer tube is brim full and water starts streaming
between the loose top plate and the wper rim of the outer tube, the bolts
are tightly screwed, cloging down on the gasket. This procedure flushes
out air, avolding its entrapment on the under side of the top plate.
Velve a is now opened to admit water to the inner tube basal standpipe.
Then the connection between the top plabte and the inner tube is loosened
again. The inrer tube slides dowawards to the soil surface. The gliding
distance should not exceed a few cm in order to aveid turbulence that
might disturb the soil surface. The inner tube is pushed down about 2 cm
into the soil. In the meantime water is continuously entering the systenm
in such a quantity as to keep both tubes filled g1l the time. Overflow
water that spills onto the top plate from the outer tube basal standpipe
(near valve b) is drained off the top plate through a brass tube and
hose extension inmto & bucket nearby. The depth of penetration of the
inner tube is accurately measured using the reference level (15). DNext,
the plastic sbandpipes for the inner and outer tubes are fastened to the
two openings in the top plate. For slow infiltrations, a smaller inner
tube standpipe {(TPS) is used (R = 0.6 em); for larger infiltrations a
larger one is used (R = 1.85 em). Valve ¢ is then opened enough to-
ensure a slight overflow at the top of the standpipes.

Two types of readings are made, usually starting one hour after applica-
tion of the water: 1. The outer tube standpipe (0TS) - full measurement
(17). Valve a is kept closed, as is, of course, valve b. 2. The equal-
level measurement (18). Valve a is closed and valve b is opened, dbut with
obgtruction by the fingers at the open end of the pipe, in such a way
as to synchronize the drop of the wabter level in the OIS with that in
the TTS. Eight stop watches are started simulbtancously at the beginning
of a reading. One watch at a time is stopped ag the water level in the
ITS reaches a mark on the tube. The marks are spaced 5 cm apart over a
total distance of 60 cm, FElapsed time is recorded in tenths of a second.

*The functions of the three valves are explained as follows: Starting with
the valves closed, they can be manipulated in the course of the experiment
to control the flow of water. Opening valve c allows wabter to flow into
the outer tube basgal standpipe which is situated between valve c and valve b,
Opening valve b bleeds water from the outer tube standpipe, which can
be isolated from the water supply by closing valve ¢, and from inner tube
standpipe by cloging valve a.
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The readings over a distance of L0 cm should yield a difference of at
least 6 seconds between two measurements; that is, between one OTS-full
regsurement and the average value of the preceeding and the next equal-
level measurements. If the time difference is less than 6 seconds,
measurement should be extended to, say, 60 cm and readings made within
the lower 40 cm interval thereof. The measurements are to be repeated

at regular time intervals until the ratio At/t2 eq. level becomes constant
(Bowwer, 1962). Here, At is the time difference between the OTS~full and
the average value of equal level measurements before and after this
UTS~full measurement.

A congtant ratio may occur after a period varying from one to four
hours. The constant ratio is supposed to indicate sufficient saturation
of the soil below the tubes. The intervals between successive measurements
should be zpproximstely ten times as long as the Time required for each
separate reading, or 15 minutes (Baumgart, 1967), which is the shorter,
to allow retstablishment of equilibrium. The two final curves oblained
(Fig. 3.2.3.1) differ because of flow of water from the outer tube into
the inrer, during the O0TS-full measurement.

K is calculated according to the equation:
— ’ 2 o 1 L
K = LRV /(F} RC)J (Aﬁfjﬁﬂt)

difference in hydravlic head H between both curves at any time t.

where: H
Hdt = surface below 0TS curve (to be determined graphically)

flow factor, to be read from tables, expressing the influvences
of the dimensions of the system and the depth D to a layer
with & much smaller or higher permeability. When D is

several times larger than the diameter of the inner tube (Re)
a general set of curves may be used to estimate Fr (see Bouwer,
1961). The flow factor deviates uswally only slightly

from unity.

%l
it

A more convenient method of caleulation was suggested by Bouwer (1962)
using the ratio: 24t/t2 eq. level instead of AH[Hdt.

The ratios obtained for the finagl set of data are extrapolated to
zero, to correct for the decrease in infiltration that occurs during the
equal level reading, due to the gradual decrease of hydraulic head (see
example of data sheet and caleulation in Table 3.2.3). The calculation
of K values, according to this procedure may be Aifficult sometimes
because of the rather inaccurate procedure of extrapolation (see left vpart
of Fig. 3.2.3.2). Problems can be reduced when the total drop H of the
water level in the inner tube standpipe (ITS) is varied for different
measurenents, so0 as to create a difference between the equal level and
OTS~full times of approximately 8 sec. For example, in soils with a
high infiltration, it may be necessary to extend the measurerent to H = 80 cm,
instead of the usual %0 cm. Baumgart (1967) made a study of the Bouwer
method and suggests a somevhat modified procedure of calculation, that is
based on the Bouwer calculation with an available H£ value.
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EXTRAPOLATION
to: H=0 or T=0

o

The double tube method for measurerment of K in
cross section of the apparatus and plotting of experimental
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* 2Atlt 2eq. lev.

in situ:
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dats.

Bouwer double tube method

Extrapolation to H=0

Fig. 3.2.3.2.

og “laﬁ) . . .
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Extrapolation procedure and graphical determination of Kent
using field data of the douvble-tube method (after Baumgert,

1967).




Table 3.2.3. Calculations of the double-tube method for determining K%,G in situ.

feneral data:

Date: Aug. 5, 1969. Soil profile: Plano silt loam, By 55 em depth. Time water started: noon.
Temp. water: 20°C. Tube radii: outer tube = 12.5 cm, inner tube (R,) = 6.2 em, Ry = 0.6 em - d = 2.6 em.

Measurements:
t  1:45 PM  1:55 2:05 2:15 2:25 2:35 2:45 2:55 3:05 3:15 3:25 3:35 3:45  3:55
H oTs Ea.l 0TS Eg. ors Eq. ors Eq. LS Eq. oTs Eq. CTS Eq.
0
5 3.9 L. 4.3 4.6 h.2o L7 h.2 5.2 5.0 5.6 6.2 6.2 6.0 6.2
10 7.7 7.9 8.8 9.0 8.9 10.0 9.2 9.8 10.4 11.0 11.8 12.2 12,4 12.0
15 12.0 1.6 13.0 13.0 13.4 k.7 23.8 15.0 16.2 16.8 18.2 18,4 19.0 18.2
20 6.6 15.5 18.2 17.7 18.6 20.0 19.0 20,k 22,0 23.0 2.8 25.6 26.2 25.0
25 20.8 20,0 23.9 23.0 24.0 26.0 24,5 26.0 28.4% 28.9 3.5 3.2 33.8 31.9
30 25.8 2h,2 28.8 27.6 29.8 31.6 30.0 3.8 35.2 35.2 39.8 394 k41.8 39.2
35 3.7 28,8 3.k 33.0 35.9 37.4% 37.0 37.6 k2.6 k2.0 484 k7.0 50.8 k7,0
40 37.0 34,2 Li,2 38.6 L2.6 Mh,2 k5.0 kM 50.0 Lok s58.0 55.0 61.0 55.1
Ratio's -3;~J§5w-“ : 0,00305 (1:55-2:15); 0.0007 (2:15-2:35); 0.00032 (2:35-2:55}; 0.0001% (2:55-3:15);
t“ eq.lev. 0.00020 (3:15-3:35) and 0.00020 (3:35-3:55). (constant!)
Calculation of X based on:
ors:  3:45 PM
Eq.: level: average of 3:35 and 3:55
t AN Hdb Ratio H 24 t2 eg., lev. Ratio
30 1.0 352.5 2.84x10-3 20 1.8 62 2.,9x1073
Lo 1.8 610.0 2.95x10°3 30 5.0 154 3.2x10~3
50 2.2 975.0 2.25x10-3 ho 12 3025 3.9x103
Retio extrapolated to t = o : 3.0x1075 (Fig. 3.2.3.3.) Ratio extrapolated to H = o 3.0x107> (Fig. 3.2.3.3.)

R
The ratio aﬁ (=2.38) was used to determine the flow factor Fp from a diagram of Bouwer (1961).
Fp = 1.1 Then:

R, RS 3
_ . DH - 13em/dey, or K = . 20t = 13cm/day.
K= 3em/day, or

Fe'R, Hdt ’ Ef'ﬁc ¢ eq. lev.
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My is the difference In cm between the top of the outer tube standpipe
(0TS) and the water level at balanced flow conditions, when Qp = Qp, where
Q- 1s the flow leaving through the bottom of the inner tube due to intake
afd Qg = flow, enbering through the bottom of the inner tube due to a
difference H between the water levels in inner and outer tube. Then:

2.38 2 H-H
= W logr—g- (Bouwer, 1961)

55,

wvhere By = radius of inner tube standpipe, Re = radius of inner tube, Fr =
flow factor, t = elapsed time, H = distance of water level in the inner
tube below water level in the outer tube Hpy = H at balanced flow. This
equation can only be gpplied when Hp can be measured. Mostly this is not
the case sgnd then the (0TS5-full and equal-level measurerents are made as
discussed in the previous part. Baumgart (1967) suggests that this formula
be used in all cases, and to estimate Hy values uniil the plotted values
of t and log Hb-Hb/Ht-Hb are on a straight line. With some practice this
can be done rather easily and quickly (see right part of Fig. 3.2.3.2.,
from: Baumgart, 1967). K values calculated by this procedure compared
well, with those, oblained with the 0I'S-full equal level procedure.
Application of this calculation method is recommended, because it saves
time and is applicsble to any type of test result.

K

3.2.4. Field measurement of unsaburated hydraulic conductivity by infiltration
through artificial gypsum crusts®

3.2.,4,1, Introduction

The solution of many problems agsociated with soil water flow
depends upon knowledge of the hydraulic conductivity, X. As yeit there
appears to be no universally reliable way to obtaln K from more fundamental
vhysical measurements such as particle-size or pore-size distribution.
Bence X is usually measured experimentslly.

Of the numerous methods which have been proposed for this measurement
(Klute, 1965a, b; Boersma, 1965a, b), the in situ methods must be regarded
as inherently preferable as they are more directly applicable to the solu-
tion of field problems. Sgtisfactory procedures sre now availgble for
the in situ measurement of hydraulic conductivity under saturaled conditions
(Ksat ), poth below and sbove the water table (Bouwer, 1962)., However, in
many cases the flow regimen is such that the soil is unsaturasted. In the
presence of an impeding layer at the surface or in the presence of very
low precipitation rates, the soil profile may never become saturated
during infiltration, and the flow rate will be governed by the soil's
unsaturated hydraulic conductivity which is, itself, a funetion of the
metric suction prevalent in the soil.

*The type of gypsun used was ultracal-30, provided by the United States Gypsum
Company. The authors wish to express their sincere thanks to Dr. R. B. Grosgman
for his helpful suggestion and to Mr. J. Needham (U.S. Gypsum Co.)} for
providing the gypsum sample.
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Processes of infiitrabion into crust~capped profiles were recently
studied by Hillel and Gardner (1969, 1970a)}. They reported that an
impeding layer or crust at the top of an infiltrating profile causes g
potentisl head loss at that point. Thus, if water head over the crust
is kept small, it is posgible to maintain infiltration inmto an unsaturated
column yet retain the experimental advantages of easily measured inflow
rate sfforded by a flood infiltrometer. This finding formed the basis
of a propoged method for measuring the unsaturated hydraulic conductivity
at different suction and water-content values, which Hillel and Gardner
{1970b) checked with artificially-packed laboratory columns, but not in
the field.

3.2.4.2. Methods

The method described by Hillel and Gardner for measuring the hydraulic
transmigsion properties of a profile, as g function of water content or
suction, involves a gerieg of infiltration trials through capping plates
(or crusts) of different hydraulic resistances. The effect of this resistance
is to prevent saburation gt the subecrust boundary even though the crust
itself is subJect to a small positive head. Though estimates of X and D
(the diffusivity) can be obtained during the transient stage of infiltra-
tion, the most reliable measurenments are obtained by allowing the
infiltration process to proceed to a steady state, when the flux becomes
equal to the conductivity. The use of a geries of crusits of progressively
lower resistance can give progressively higher K-values corresponding to
higher water contents up to saturation. Such a series of tests can be
carried out if the soil is initially fairly dry, either successively in
the same location or concurrently on adjacent locations.

The surface impedance can be gpplied either by means of a porous
plate (e.g., ceramic) or by forming a continuous layer of puddled {slaked
or compacted) soil material over the soil surface. Once the crust is
established, water is spplied (e.g., in a ring infiltrometer) and a small,
constant head is maintained over the soll surface long encugh for the
inflow rate to become steady. This flow rate is equal to the conductivity
in & one-dimensional flow system where the suction gradient below the
crust is negligibly small (i.e. the hydraulic gradient tends to unity).

Tensiometric measuremsents on columns of different depth showed that
in order to obtain a one-dimensional vertical flow system it was necessary
to cregite an impervicus boundary around a column at least 30 cm deep. A
steel cylinder was used at the top of the ¢olumn to support the small
head of water over the crust, to provide a rigid sealing surface for
the edges of the crust and to provide a guide for positioning tensiometers
below the crust. Below the cylinder an aluminum foil moisture barrier
sufficed, since saturated flow would not occur. Use of the foll also
made the method applicable to stony soil. EHydraulic conductivity values
were calculated from infiltration rateg into capped columns and soil
suction gradients below the crusts, if any.




Photo 3.3. Ring infiltrometer (R) on top of a soil column (C) carved out in situ, for measurement of unsaturated
hydraulic conductivity with the crust test. Successive gypsum crusts will be applied on the top sur-
face area of the column (G).

w
(O))
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3.2.4.3. Procedures

Tests were made at several sites in Wisconsin. The soils ranged in
texture from sand to clay. At each site, a horizontal plane was prepared
by using a pubdty knife and z carpenter's level., A cylindrical column of
soil, at least 30 om high, with a dilameter of 25 cm, was carved out from
the test level dowmward, taking care to chip or pick the soil away from
the column as the desired boundary was approached, so as to prevent undue
disturbance of the column iteelf. A ring infilirometer, 25 cm in diameter
and 10 cm high with a 2.5 cm wide brim at the top was fitted onto the
column (Photo 3.3). "he sides of the column were then sealed with
aluminue foil and soil was packed around it. A half-inch thick acrylic
plastic cover with a diameter of 12" (30 cm) arnd with a thin rubber
gagket glued to it was bolted to the top of the infilirometer. An intske
port and bleeder valve were provided in the cover,

Thin pencil-gize mercury-type tensiometers were placed just below
the crust in the certer of the column and 3 cm deeper, both in the center
and near the periphery of the column. Carefully positioned holes in the
steel’ Infiltrometer ring and external installation guides aided in position-
ing the tensiometers. Stony soils present some difficulties, bub success-
ful insertion of tensiometers is usually possible after probing st
severgl points.

In the first experimenis with the crust-test procedure, various puddled
s0il materials were used for crusts (Bouma et al., 1971b). Additional
field experience, however, showed that some of these crusts (in particular
the ones with a relatively low resistance) were rather unstable and easily
disturbed due to continuous swelling of the clay particles. A different
procedure was developed therefore in later experiments using dry gypsum
powder, thoroughly mixed with varying quantities of a medium sand.

After sufficient wetting, and continuous mixing, a thick paste was
obtained. Then, this material was quickly transferred to the prepared
column and applied on top with a carpenter's knife as a continuous crust
with constant thickness. Special care was taken to seal the crust to

the wall of the cylinder to avoid boundary flow. Within about 3C nminutes
erusts of this type would harden, thereby providing a stable porouns medium
with a fixed conductivity value. Crust resistance could be varied by
changing the relative gquantities of gypsum and sand. Crusts composged of
gypsum only had the highest resistance. TFor example: A subcrust tension
of 52 mbar was induced in a sand column capped with a 5 mm thick gypsum
crust with 3 mm water on top. This crust had a Kggy value of C.007 mm/éay.
The microfabric of this crust censisted of very fine gypsum crystals.

Some microfabrics of other crusts are pictured in Fig. 3.2.4.2. The upper
pilcture shows relatively large pores occurring between sand grains, while
fire gypsum crystals are concentrated around the grains, cementing them
together. This crust was formed from a pre-wetted mixture composed of

149 gypsum and 86% sand by volume, as measured in the field using a
graduated cylinder. As a crust on top of a colum in sand, this mixture
induced a subcrust tension of 11 mbar. Kggt of the crust was 8.3 cm/day.
The middle picture shows & crust formed from a pre-wetted mixture with

30% gypsum by volume (70% sand). TPores are smaller and Kspt was 2.9 cm/day.
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Fig.3.2.4.2. Three crust materials composed of mixtures of
gypsum and sand, as seen in a thin section.

38




Field measurement of unsaturated hydraulic conductivity in situ
with the crust test procedure. Inflow into the soil through the
crust on top of the column is measured with a burette (B) dis-
charging into the water filled space between the crust and the
acrylic plastic cover (C). Soil moisture tensions derived from
the mercury rise in 1/8-inch plastic tubes along calibrated
scales (S) are measured in the columns.
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The induced subcrust tension in sand was 18 mbar. The third picture shows
a crust formed from & dry mixture with 50% gypsum {50% sand). Virtually
no larger pores are visible in the ecrust, indlicating that pore sizes
between the fine grained gypsum crystals are smaller than the thickness
of the thin section (20 microns). Kggt of this crust was 0.8 mm/day and
the induced tension in the suberust sand in the coluwmn inereased to

30 mbar.

Crustes of this type were applied to the same column for succeeding
runs. Each infiltrstion run through a particular crust yilelded one poink
of a curve of hydraulic conductivity versus soil suction (see Fig. 3.2.k.1).
The small space between the crust surface snd the cover of the cylinder
was kept full of water. A Mariotte device, in a buretie; maintzined a
constant pressure of about 3 mm water over the crust (Photo 3.4). The
infiltration rate into the soil, corresponding to the rate of movement of
the water level in the burette, was recorded as soon as the tensiometers
showed that eguilibrium had been reached. This infiltrastion rate, when
constant for a period of at least 4 hours, was taken to be the unsaturated
K-valve at the subcrust suction, when the suction gradient was zero. In
some cgses a suction gradient remained at steady state conditions.
Hydraulic conductivity was then calculated according to: K = v/i, where
v = infiltration rate and i = hydraulic gradient below the crust (in such
a case £ 1).

3.2.4.%., Results

Figure 3.2.h.1. gives the hydraulic conduciivity versus suction
curves for some horizons of four solls. These curves could be extended
farther dinto the dry range, but this would take more time and requires
that the soil be initially quite dry. The hydraulic conductivity values
for saturated soil, measured with the double tube apparatus corresponded
well with infiltration rates into these columms bhefore crusts were added.
One column was of giacial till, containing many stones that made use of
the Bouwer tubes impogsible.

The data indicate thet hydraulic conductivity decreases sharply
with increasing soil moisture tension. This 1s most evident in soil
materials with coarsge pores (B3, Plainfield sand) and less so in fine
porous clays (B3, Hibbing), in which saturated conductivity is low.
These results are important for the study of liguid waste disposal in
80ils. Measurement of soil moisture btensions around seepage beds of
operating systems (Section 5) indicated the occurrence of considerable
soil moisture tensions. Movement of liquid, therefore, is governed by
processes of unsaturated flow. A gquantitative analysis of the flow
system can only be given when relevant K values, as measured with this
new test, asre available.
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3.2.5., Other soil phvsical methods

3.2:.5.1. Soil physical characteristics determined from ssran coagted
clods or from soil samples in cylinders

The method to determine soil physical characteristics from large
clods obtained from pedal swelling soil materials and using saran resin
as a cogting material, was introduced by Brasher et al., 1966. Clods
ghould have a volume of at least 100 cm?, but preferably more than that.
Tey should represent the soil strucubtre from the sampled horizon. In
gereral about 20 elementary units of structure should be represented in
any clod sample. A medium sized blocky structure, with ped volume of
1 em3 should be represented by a cled volume of at least 20 em3. This
guide does not work in coarse prismatic structureg, since individual
peds may have volumes of 150 em3 or more. It should be clearly stated
when values are determined for such single peds. The method consists
of the following steps:

1. A weighed air-dry clod is coated with saran; and slowly saturated
with water through one flattened side of the clod where the coating has been
temporarily removed.

2. After saturation, the open side of the clod is coated again
with saran gnd weight and volume of the clod are determined.

3. The coating on the flattened side is removed again, and the clod
is placed in a pressure apparatus to determine water contents and soil
volume at different pressures. After equilibrium has been reached at a
given pressure, the clod is coated again at the flattened side, and
weight and volume are determined. It is essentisl not to loose any soil
from the clod during this procedure, since this would lead to erroneous
results. After determining moisture contents and volumes of clods for
a range of pressures (usually 0.03b, 0.1b, 0.3b, 1b, and 15b), the clod
is dried gt 105 C. Then g1l values are gvailable to calculate bulk '
densities, porosities at different suctions, and the moisture retention
curve. lNon-swelling soil materaals, such as sands, can be sampled directly
in ¢ylinders of known volumes.

Example of clod method ecaleulation: Clod from C-horizon of Mexico silt
loam, calculations for 1 bar suction only.

Basic data: Air dry weight of clod: 55.30 gr. Coated with saran: 57.90 gr.
Weight of coats: 2.60 gr. = 1.73 cc (Spec. dens., saran = 1.50). At 1 bar
equilibrium: 57.10 gr. Volume of clod {+ plastic): 30.50 ce (difference
between weight of besker with water and total weight when elod is suspended
in the beaker). After drying clod + plasiic at 105°C for ore day: weight =
b7 Lo gr. Volume = 27.9 cc.
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Calculation L:

Determine bulk density (bulk density = gr/cmd of natural soil). Since
B.D. of soil is required, the plastic has to be excluded. Volume of soil
at 1 b = 30.50 - 1L.73 = 28.77 cc. The weight of 57.10 gr. is composed

of water, plastic and soil. After drying at 1059C, weight = 47.40 gr.

(= soil + plastic). Prom a separate experiment it was learned that the
saran plastic looses 25% of its weight when heated for 24 hrs. at 105°C.
Soil weight only, therefore, is 47.%0 - (0.75 x 2.60) = 45,45 gr., This
is an lmportant value, from which dry bulk densities at different meoisbure
conbents are derived. B.D. at 1 bar is:

B2 = 158,

Caleulation 2:

Determine percentage of moisture (in % of dry weight and volume) at 1 bar.
Stovedry soil weight was L45.45 gr. We need to know now the weight of the
moigture only at 1 bar. 8oil + plastic + water = 57.1C gr. S¢il + yater =
57.10 = 2,60 = 54,50 gr. Moisture % of dry weight =

(?h‘5§5f£g§‘“5 x 100% = 19.9%%.

Moisture % by volume = % of dry weight x 3.D. = 19.9 x 1.58 = 31.h%.

Calculation 3:

Determine porosity (= vol. % of soil occupied by the non-golid soil phase).
Cale. 2 showed that 31.4% of the soil volume is occupied by water at 1 bar
suction. What about the remaining 68.6%47 For this we need to know one
additional soil characteristic: the particle density (= gr/em3 of the

solid soil phase only). This can be determined by & separate procedure
using pyknometers (see¢ appendix at the end of this section and Blake, 1065).

Presuming we have a particle density of 2.60, the 45.45 gr of soil repre-
sents 17,45 cc. Total volume of clod wag 28.77. Pores form 28.77 ~ 17.45 =
11.29 cc which is (11.29/28.77) x 100% = 39.2% of soil volume (this means
that T.8% of the pores in the soil are filled with air). In formula:

Bulk densi‘ty ) < lOO%

Porosity = (1.0 - Particle density

Calculation L:

Determine coefficient of linear extensibility (COIE) as:

v V& -1

where Vp = volume of moist whole soil fabric and V3 = volume of dry whole
soil fabric (Grossman, et al., 1968). Here: COIE = (28.77/26.60) - 1 =
0.081.
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Moisture retention characteristics for non-gwelling soil materials,
such as sands, were determined from samples obtained in the field with
the double eylinder hammer driven core sampler (Blake, 1965, p. 376) in
small cylindrical rings (2 cm high, with a diameter of 7.5 cm). These
rings were placed in the pressure apparatus, and later calculations,
which are basically the same as the ones for garan coated clods, were
relatively simple since the bulk density was congtant at different
moisture conbents and since there was no plastic coating involved. Bulk
densities of these materials were determined separately (afiter using the
same sampling deviee) from larger cores with a diameter and height of
T.5 cm.

Appendix:

Summary of pyknometer test to determine particle density of soil
{see Methods of Soil Analysis).

Pyknometer (dry, empty) = Wi gr. Pyknometer + about 5 gr. stove
gsoil = Wp gr. Pyvknometer filled with de-aired water = W3 gr. FPyknometer
with water + soll = Wy,

WE - Wl
W3 + ﬁg - Wi - WL

Particle density = g.'f'/c:m3

The principle on which the method is based is the same as that for the
clod tests: a body suspended in water will be subjected teo an upward
force that ig egual to the weight of the volume of the displaced liquid.

3.2.5.2. Calculstion of hydraulic conductivities from moigture retention
data {method of Qreen and Corey).

A detailed descripiion of this method, based on a review and revision
of earlier work, is given by Green and Corey (1971). Iarger soil pores
are progressively emptied with inereasing zoil moisture tengion and gince
flow rates are strongly correlated with pore sizes (Chapter 2), a relation-
ship between flow rates and meisture tension can be derived in prineiple
for different soil materials using moisture retention characteristics.
In addition, a pore interaction model is necessary to express the dominant
hydraulic effect of small pores on the rate of flow in a complex hetero-
geneous pore system. The equation used by Green and Corey (1971) is
as follows:

K(9), = (K /K. ) * (308/pgn) * (eB/a7) - z

i.(23+1-2i)h".2}
3=1 J

i=l’2, weeoolll
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where: K(P), is the calculated conductivity for a specified water comtent
(given in cmfday); A is water comtent (em3/em3); i = last water content
class on the wet end: 1 = 1 = pore class corresponding with 8 ..., 1 =m=
pore class with lowest water content for which X is calculated; Kg/Kee =
matching factor (= measured/calculated K); & = surface %ension of water
(dyres/cm); o = density of water (g/em3); g = gravitational constant
(cm/sec2); m = viscosity of water (g/cm sec) e = porosity {em3/cm3); p =
parameter. Here p = 2, n = total number of pore classes between / = O

and 9 ¢; hj = pressure of a given class of waterfilled pores (em water).

The need for use of the matching factor (Ky/K,.) implies that the
method does not directly yield a curve at the correct level of conductivities
for each moisture content or tension, but that the slope of the calculated
K-curve is assumed to be correct. This method has been used for many of
the soil materials investigated in this project. A few comparisons
between curves debtermined with the crust test and calculated curves
shoved reasonable agreement. However, no gystematic attempt was made in
this report %o compare calculated and measured curves.

3.2.5.3, Measurement of soil moisture tensionsg in gitu with tengiometers

General principles of tensiometry have been discussed by Richards
(1965). In our studies we used pencil sized tensiometer-cups with an
air-entry value of 800 mbar, with 1/8" flexible, transparent plastic
tubing. A three-way type bensiometer was used for measuring moisture
tensions below seepage beds (upper part of Fig. 3.2.5.3). The distilled,
de-serated water in tensiometercup and tubing was applied and flushed
as needed by injecting the water with a syringe into a small 1/16" plastic
tube which was placed inside the larger one, between the open end of the
tube (to be capped later) and the tensiometer cup. Any air in the porous
cup was then flushed from the system with the water through the end sub-
merged in mercury and through the area between the two tubes gt the point
of injection. A closed waber-filled system, with the porous cup in con=-
tact with the surrounding soil and the open end of the tube in mercury,
was then formed by capping the end of the tube where the walter was injected.
Readings of soll moisture tensions were made, using a scale calibrated in
mbars. A simpler tensiometer could be used in the columns for the crust test
procedure (see Section 3.2.4). Only the larger size tubing was used here
(lower part of Fig. 3.2.5.3) and water was applied with a syringe to the
tube, the open end of which was submerged in mercury. A closed gystem
was formed by capping the tube at the point of injection.

3.3. Chenical methods

When and where possible, water samples were collected from observation
wells installed by Cleott. The depth and construction of the observation
wells determined whether the samples were cobiained by pumping or bailing.
Sampling was accomplished at each site within a several hour period to
give an "ingtantaneous" plcture of the ground water as affected by the
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10 mercury cup

Two types of tensiometers used to measure soil moisture
tension around operating seepage beds and in soil columns
for the crust test procedure.
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effluent. Water samples were then treated with phenol mecuric acetate,

a bacteriological inhibiter, and stored under refrigeration with chemical
determinations made according to the 1 to T day time limits specified in
Standard Methods (1971).

Soil samples were obtained by excavating a deep pit next to the
drainfield system. Soils under the bed were then sampled at a sgpecified
interval, refrigerated, and frozen upon return to the lab until analysis
was performed on them.

In all cases, chemical procedures were chosen on the basis of their
simplicity, precision, accuracy, specificity, and their adaptability
for determinations of soil and water samples, both heavily polluted and
relatively pure.

Total soil N was determined utilizing the Olson Modified Semimicro-
Kjeldahl Procedure as outlined by Bremner {1965). This method, to include
nitrate and nitrite, is basically a wet oxidation procedure whick can be
employed on & wet soil sample so as to avold N loss while drying. The
resulting WH ~N formed was determined by steam distillation after neutraliz-
ation with NaOH. The same procedure is directly applicable for total W
determinations on water samples.

The I\H—Ii: ~N and NO3~ -§ in wet soll samples were determined via
direet distillation as described by Bremner (1965). Again, the method
is directly applicable for similar determinations on water samples.
This procedure involves the use of Mg0 to convert NH), to NH%,] followed

by the addition of Devarda's Alloy to reduce NO, e liberated

to NH,.
HL=N in each case was collected separately in §% Boric3Acid solution which

was then back~titrated with standsrdized HpSOh.

Sample size, depending on N content, was uwsually 2.2z wet soil or
50 nl water.

Total Fhosphorus was determined on 2.00 g oven dried (lOOQC) soil
samples and unfiltered water samples from 1 To 100 ml size, depending
on P content.

Complete digestion of the organic P containing compounds and con-
densed P was achieved with a 30 ml mixture of concentrated HWO,, HCLQ,
and HpSOL in a 20:8:2 v/v ratio. The solution was then neutralized and
the P colorimetriecally determined by the Ascorbic Acid Method deseribed
in Standard Methods (1971).

Dissolved inorganic Phosphorus, (Dip), was determired directly on
glass fiber filtered water samples, agaln using the ascorbie acid procedure.

Soil samples were extracted with 15 ml of Bray Solution (0.025N HCL,
0,038 NH4F), then filtered and suitable aliquots taken for color development.
All samples were analyzed in duplicate, or triplicate when there was more
than 10% disagreement between duplicates. Standards and blanks were
analyzed with each sample set to check precision. Whenever possible,
known interferences with the procedures were experimentally determined with




the necessary steps taken to eliminate these interferences as prescribed
by Standard Methods (1971).

3.4, Bacteriological methods

The general purpose of the bacteriological investigation was to
monitor the number of coliform and enterococcus organisms in septic
wastes, in soil samples +aken at various points in drainage fields and
in test wells located around a number of such systems. A total bacterial
count (TBC) was also obtained in order to evaluate the interaction of
the general soil microflora and the sewage microflora in the area. The
enterococcus count was assumed Tto be eguivalent to the fecal streptoceocel
(FS) as Streptococcus faecalis. These counts, together with the coliform
counts {TC = %“otal coliform and FC = fecal coliform), gave an indication
of bacterial movement and dengity in the field system. Movement of any
of these pollution bacteria to the surface of the soil was considered
& priori evidence of unsafe conditions, i.e. failure of the system.

3.4,1. Sampling methods

Soil samples were obtained by first exposing the undisturbed region
of soil to be sampled with a sterile spatula. A 1.8 x 15 cm sterile
test tube was then gently pushed into the soll at the desired sampling
point. In this way a 10 Lo 20 gram sample was easily obtaired., AIL
samples were cooled in an ifced combtainer and transported to the laboratory
for analysis. - Thils precaution was taken because of the known delicacy of
fecal gtreptococel and fecal coliforms in- competition with soil and water
flora. Aralyses were done as soon as possible, within 24 hours.

Tegt well samples and other liguid samples were taken by a number
of methods depending upon the construction of the well being sampled.
Three-quarter inch conduit wells of 14 to 16 foot depth and 1i inch iron
pipe wells of 35-TO foot depth would be flusghed by bailing, then bailed
for a sample. Shallow conduit wells, 1 to 3 feet deep, would be sampled
by pipetting with sterilized glass tubing. The 14 inch pipe wells which
had sufficient recharge and were less than 30 feet deep would be flushed
with a pitcher pump or with a vacuum pump, powered by a gasoline-driven
electric generator. Samples would be taken of the influent to these
wells obtained after flushing. Septic tanks and dry wells would be
sampled by bailing.

Bacause the quality of the well samples was sometimes gquestionable
in terms of baecterial contamination from the surface, in analyzing the
data from these wells emphasis was placed on results showing no fecal
indicator organisms detectable or on the FU/FS ratio wherever such
organisms were found.

L8
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3.4.2, Plating methods

Bacterial counts were recorded as the average count from triplieate
poured plates., For well samples gt the periphery of the system no dilution
was required, a 1 ml sample being plated. For other samples serial
decinmal dilutions were made as needed in 0.05% peptone diluent. The
poured plates were preferred over spread plates because a larger amount
of sample could be handled (1 ml for the poured vs. 0.1 ml for the spread).
However, the poured plate method did require recognition of colonies of
indiecator organisms grown either on the surface or embedded in the agar.
After a little practice this presented no problem.

Total bacterial counts were determired on Difco Plate Count Agar
incubated at 30°C for 3-L days. The composition of PCA (Standard Methods)
is:

Tryptone 5 gr
Yeast extract 2.5
Dextrose 1
Agar 15

Distilled water 1000 ml

This medium supports growth of a variety of sewage and soil bacteria.

Typical actinomycetes of the soil flora are recognizable by their sporviating
aerial hyphae, and their relative numbers are indicative of the population
gradient to a itypical soil flora with increasing digtance from the

drainage tile.

The TC and FC populations were enumersted by counting typical colonies
on Levine's Eosin Methylene Blue Agar. The composition of EMB (Standard
Methods, 1971) is:

Peptone 10 gr
Iactose 0
KoHPOY 2

Agar 15
Bogin ¥ 0.4
Methylene blue 0.065

Digtilled water 1000 ml

Plates were incubated at 37°C for 48 hours. From the ma jority of platings
isolates were taken and placed in lactose broth with Durham tube inserts
to detect the production of acid and gas, confirming the isolates to be
coliform organisms. IMViC patierns were also confirmatory. The isolates
which were not confirmed proved to be recognizable colony types and in
later work were disregarded in counting plates.

Fecal coliform counts (FC) were based on colonies with green metallic
gheen on EMB. The total coliform counts (TC) were derived from the FC
colonies plus all nucleated and non-nuclested, mucoid, pink colonies on EMB.
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Fecal streptococcus counts (FS) were taken from platings on m-Enterococcus
agar of the following composition: (Standard Methods, 197L)

Tryptone 20 gr
Yeast extract 5
Dextroge 2

K HPO L

Na azide 0.k
Agaxr 15
2,3,5~triphenyl

tetrazolium CL 0.1
Distilled water 1000 nl

After incubation at 3700 for 48-T72 hours all read and red-centered colonies
(reduc:i.ng tetrazolium) were recorded as FS.

Initiglly in analyzing the soil samples 10 gr of soil plus S0 ml
of sterile 0.05% peptore dilution water were mixed with a Waring Blender
for 1 mimite, after which serial dilubtions were made over the range
expected., With this method the absence of an indicator organism in the
least dilution plated was recorded as X, in the tables in Chapter 5,
indicating < 10 organisms/gr based upon 3 plates inoculated from the 1:10
dilution.

After a time 1t was discovered that shear forces on the impeller
of the Blender brought about by sand grains and small stones were severely
damaging to the apparatus. The method of dilubion was then changed: a 5 gr
sample was added to a 25 ml peptone dilution blank in a 2-}2« x 20 com test
tube. To shear and disperse the bacteria from the soil particles, a
Vortex mixer was used for 1-2 minutes, which is known to be satisfactory
from experience of soil bacteriologists. In this method the initial
dilution is 1:6. Absence of a given organism was indicated by ** in the
tables, Chapter 5, implying < 6 organisms/gr baged upon 3 plates incculated
with the least dilution,

Similarly, in plating liguid samples when no organisms of the kind
being considered were detectsble in the least dilution, i.e. 1 ml
directly plated, the resuvlits were expressed as ¥ in the tables; expressed
another way, this means < 1 organism/ml bagsed on 3 plates incculated with
1 mt each of the original sample.

Bacterial counts from soil samples were expressed per gram of molst
gsoil bedause for the underground soil samples there was little variation
in moisture. Considering the 10 to 20% moisture content observed, there
wag little advantage in expressing the numbers of organisms on & per gram
of dry soil basis. Also because the microorganisms in the soil are associated
with the adsorbed and inberstitial water ii{ was more meaningful to enumerate
them in terms of moist soil. The counts are expressed in the tables of
Chapter 5 on a per ml or per gram basis instead of the USFHS convention
for water samples of 10 ml or 100 ml, in oxrder to keep the mumbers in the
order of magnitude of soil counts, which some of them actually are. If
the bacterial counts for soil (or septic waste, for that matter) were
expressed on & per 10 or per 100 gr basis wawidely high numbers would

result.
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3.4.3. The FC/FS ratio

The FC/FS ratios are presented in Chapter 5 for a number of systems
investigated because of the interest in the relstive survival of these
two indicator organisms in the small systems under study. If the ratios
are relatively stable, a wide versus narrow ratio may be useful as an
indicator of the source of pollution bacteria involved. Geldreich (1966)
found FC/FS ratios of < 0.7 to indicate the feces of farm animals, dogs,
cats, rodents, ete. whereas FC/FS ratios of ~ 4 were indicative of human
feces and domestic waste waters. Smith and Twedt (1971) accepted this
difference in ratios and used it in study of surface waters, rivers and
streams., The values proposed by Geldreich have also been used in analyz-
ing the movement of such indicator fecal organisms in the presence of
minor numbers of them in natural soil and water. It was felt that this
expression of data might also be helpful in consideration of the small
systems here under study.

3.4.k. The so~called total bacterial counts (TBC)

Question could be raised as to the validity of the total bacterial
counts (TBC) on PCA agar with an incubation time of only 3-l days. Tt is
probable that this time 1s insufficilent for the slow growing organisms
in the soil microflora. It also fails with respect to the aubotrophic
bacteria, which are an admittedly important part of the soil microflora.
However, & rich medivm, such as PCA, will support the great majority of
bacteria originating in the septic tank effluent as well as the general
fast-growing heterotrophs of the soil with which we are most concerned.
We are not interested in the actual nurbers of soil bacteria in the outer
ranges of the drainage field bubt rather in the transition from the sewasge
(fecal) type flora near the drain tiles to the "normal" soil microflora
at a distance; i.e. in the zone of interaction and finally displacement
of the fecal forms by the soil forms such as sctinomycetes and molds,
indicative of typical =oil microflora. PCA plating also reveals pigmen-
tation of many types of bacteria and it was soon found that it did so
here, as in plating of water flora. This was very helpful in Judging
how faxr out of the drainage tile and inbto the wabter gradient within the
soll the sewage flora was moving. By the time actinomycetes and molds
appeared on the plates, the pigmented forms were virtually gone, and
this finding was useful in establishing the transition zones from
sewage to soil types. Exceptions existed (as at the Pickerel Leke system)
in which the pigmented forms were found with the actinomyceteg in the
moist soil below the tile lines. This, however, was the only system
where effluent was not ponded in the seepage bed due to irregular, low
loading (see Chapter 5.2.3.2.).
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L, GENESIS AND CHARACTERISTICS OF SOIL FEDONS SEIECTED FOR STUDY

The soil pattern shown on the state map in the back of the report
reflects the combined influences of parent materials, climate, organisms
(both plants and animals), and landforms, acting over a period of thousands
of years. Recognizable are traces of the U~ shaped disposition of hedrock
formations (Dunn to Sauk and Marinette Counties), principal glacial end
moraine zores {in Langlade, Taylor and Barron Counties), and the dissected
Driftless Area (soil region A, approximately).

Regions C and H are major sand regions where meltwaters from wasting
glaciers, and accompanying strong winds,left coarse materials and at
the same time removed fines from the landscapes. Parts of region C have
deep dark topsoils formed under prairie vegetation (Cp).

The sandy loams of region D are in the Cambrian sandstone belt,
which is hilly to level.

Reddish brown clays {Region I) of the Lake Superior and Lake Michigan
border lands were deposited in vast glacial lakes and were reworked over
large areas by later glacial advances. Pink loams of region E are colored
by a small proportion of red clay mixed into sandy glacial drift. All
of these reddish and pinkish materials received limestone debris, that
added to the fertility of soils that formed in them.

Region G is a hilly, scomevwhat stony glacial moraine landscape with
many small flat areasg of outwash with loamy coverings. $Soill region F
differs by having a two- to three-foot thick silty deposit over the glacial
drift. The soils of both regions are acid because little or no limeshone
was mixed into the materials by glaciers and meltwabters from them.

Regions A and B are, respectively, in the Driftiess Area of the
southwest and the drifted ares of the southeasgt. Two to several feet
of silty material cover most of both areas, the thickest deposits being
rear the Misslssippi River, which is considered to have been the major
source of the fine loess materials.

Region J represents wetlands throughout the other nire reglons,
This includes alluvial soils and the more extensive peat and muck bogs
that occeupy more than ten percent of the ares of Wisconsin.

The ample rainfall of about 31 inches (775 mm)} per year, and the
high level of the watertable in many lowlands have created wet soil
conditions over at least one third of the state. These areas, together
with tight silty and clay soils, steep lands and soils shallow to bedrocx
create problems for the conventional type of subsurface liquid waste
disposal in about 60 percent of the land of the shate.
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Table 4.,1:

LEGEND FOR FIGURE 4.1

Location

Charmany Farm, U, W.
Agric. Exper. Sta.

NE 1/4, NW 1/4, Seec. 30.
T7N, R9E, Dane County

Soil Association

Mandt Farm, U. W. Agric.
Exper. Sta. NE 1/4,
NW 1/4 See. 30, T7N,

R9E, Dane County

NW 1/4, SE 1/4 Sec,l,
T2N, RIW, Grant County

Arlington Farm, U. W,
Agric. Exper. Station

NE 1/4, NW 1/4 Sec. 31
T10N, RI10E, Columbia Co..

Soil type
Site and parent Soil classification
Nutob er material at higher categories

1 St, Charles - Mollic Hapludalf, fine
Batavia silt silty, mixed, mesic (Gray-
loam; loess Brown Podzolic-Brunizem
over dolomitic intergrade, well drained)
sandy loam
glacial till

2 Plano silt loam Typic Argiudoll, fine-silty,
deep loess over mixed, mesic (Brunizem,
dolomitic gla- well drained)
cial outwash

3 Tama silt loam; Typic Argiudoll, fine-silty,
deep loess over mixed, mesic (Brunizem,
residuum over well drained)
fissured lime-
stone

4 Saybrock silt Typic Argiudoll, fine-silty,
loam; loess over mixed, mesic (Brunizem,
dolomitic loam well drained)
glacial till

5 Plainfield loamy Typic Udipsamment, sandy,

sand; deep gla-
cial outwash

mixed, mesic (Regosol, Ex-
cessively drained)

SW 1/4, SW 1/4 Sec. 8,
T16N, R5E, Adams County

On the
leaflet On the 1.:710000
state map map (Hole et
{(Plate I) al, 1968)
B B25
Bp B22
Ap Al
Bp B22
C cl8

e




TABLE 4,1 (continued)
Soil type
Site and parent Soll classification
Number material at higher categories Location S0il Association
On the
leaflet On the L1:710000
state map map, (Hole et
(Plate I) al, 1968)
6 Plainfield loamy Typic Udipsamment, sandy, mixed NW 1/4, SW 1/4, Sec 29,
sand; deep gla- mesic (Regosol, excessively T17N, R5E, Adams County
cial outwash drained) C C18
7 Plainfield loamy Typic Udipsamment, sandy, mixed, NW 1/4, SE 1/4, Sec. 24,
sand; deep gla- mesic (Regosol, excessively T17N, R5E, Adams County C Ci3
clal outwash drained)
8 Plainfield loamy Typic Udipsamment, sandy, mixed, NW 1/4, SE 1/4, Sec. 31,
sand; deep gla- nesic (Regosol, excessively T18N, R6E, Adams County
cial outwash drained) c Cl0
9 Plainfield loamy Typic Udipsamment, sandy, mixed, SE 1/4, SW 1/4, Sec. 28,
sand; deep gla- mesic (Rogosol, excessively TI8N, R6E, Adams County
gial outwash drained) C Cc10
10 Plainfield loamy Typic Udipsamment, sandy, mixed Hancock Farm, U. W. Agric.
sand; deep gla- mesic (Regosol, excessively Exper. Statton, NW 1/4,
¢ial outwash drained) NW 1/4, Sec., 15, TI9N,
' RBE, Waushara County C Cl15
11 Plainfield loamy Typic Udipsamment, sandy, mixed SE 1/4, SE 1/4, Sec. 15,
sand; deep gla- mesic (Regosol, excessively T23N, R8E, Portage County
cial outwash C Cl15

drained)
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TABLE 4.1 (continued)

Soil type
Site and parent Soil clagsifications
Number material at higher categories Location Soil Association
' On the
leaflet On the 1:7LO0CO
12 Plainfield loamy Typic Udipsamment, sandy, mixed, Pickerel Lake; SE 1/4, state map map, (Hole et
sand; deep gla- mesic (Regosol, excessively SW 1/4, Sec. 5, T21N, (Plate I) al, 1968)
cial outwash drained) R 10E, Portage County C cl5
13 Withee silt loam; Aquic Glossoboralf, fine-loamy Marshfield farm, U. W.
shallow loess over mixed frigid (Gray-Brown Pod- Agric, Exper. Station
compact, acid loam zolic, somewhat poorly drained) SW 1/4, SW 1/4, Sec 15,
glacial till T25N, R3E, Wood County F F21
14 Humbird sandy loam Typic Haplorthod, coarse-loamy NE 1/4, NW 1/4, Sec. 10,
Acid shaly sand- mixed, frigid (Podzol, moder- T23N, R3W, Clark County
stone ately well drained) D D12
15 Arland  1oam;  Typic Hapludalf | fine- SW 1/4, NE 1/4, Sec. 5,
Ioamy till over loamy, mixed, frigid (Gray- T25N, R2W, Clark County
sandgtone Brown Podzolic, Well F Fll1
drained)
16 Oshkosh silty clay Typic Eutrochrept, very fine, SW 1/4, SE 1/4, Sec. 3,
loam; deep, cal- mixed, mesic, calcareous T18N, R14E, Winnebago
careous glacio- (Gray-Brown Podzolic, moder- County
lacustrine clays ately well drained) I I5
17 Sparta loamy sand; Entic Hapludoll, sandy, mixed, NW 1/4, NE 1/4, Sec. 3,
deep glacial out- mesic (Brunizem, excessively T22N, R4W, Jackson County
wash drained D D4
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TABIE 4.1 {continued)

coll type
Site and parent Soil clasgifications Iocation
Tumber material at higher categories Soil Association
18 Tustin fine sandy loam;  Arenic Hapludalf, fine, mixed, Kelley lake; -%_—, W+, On the leaf- On the
outwash over calcareous mesic (Gray-Brown Podzolic, Sec, 5, T29NW RLIE, let gtate map 1:710000 map
clayey glacial drift vell drained). Oconto County (Plate I) (Hole et al.,
1968)
B B2
19  Hibbing silty clay loam Typic Eutroboralf, very fine, MW, MWE, Sec. 11
and loam; deep dolomitic mixed mesic (Gray-Wooded soil, T&TN, RSW, Bayfield
glaciolacustrine clays moderately well drained) County I 118
20 Summerville loam; thin Lithic Hapludoll, loamy, mixed  SW{, IEL, Sec. 1
glacial till over feigid (Brown forest soil) TETN, R2SE, Door
fissured limestone County E EL
21  Sumerville loam; thin  Lithic Hapludoll, loamy, +, SWi, Sec. b,
glacial till over mixed, frigid (Brown forest T31N, R28E, Door
figsured limestone goil) County E E6
22 Summerville loam; thin Lithic Hapludoll, loamy, mixed &, W, See. 8,
glacial till over frigid (Brown forest soil) T31N, R28E, Door
fissured limestone County 1) E6
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TABIE 4.1 (continued)

Site Soil type
Tumber and parent Soil classifications Location
material at higher categories Soil Association

23 Summerville loam; thin
glacial till over
fissured limestone

Lithic Hapludolil, loamy, mixed,

frigid (Brown forest soil)

SE+, NEL, Sec. 2k,
31N, R2TE, Door
County

On the leaflet On the

24 Vilas loamy sand; deep,
acid glacial drift

Entic Haplorthod, sandy,
mixed, frigid (Podzol,
excessively draired)

Dardis Leke; S5, NEE,
izcﬁ 3k, T38N, RIE,

ice County

state map 1:710000 map,
(Plate I) Hole et al.,
1968)
E L6
G G

gs
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Teble b.2: Acreages of soils represented in this study.
Ni;EZr Soil Neme AR T R ey s
named associated similar soils
(acres) (acres)
1 St. Charles-Batavia 180,000 250,000
8ilt loam
2 Plano silt loam 1¢0,000 500, 0G0
3 Tams, silt loam 150,000 500,000
L Saybrook silt loam 50,000 150,000
5=12 Plainfield loamy sand Lco,000 1,000,000
13,15 Withee silt loam 200,000 800,000
1b Bumbird sandy loam 30,000 150,000
16 Oshkosh silty clay loam 50,000 | 150,000
7 Sparta loamy sand 200,000 400,000
i8 Tustin fine sandy loam 20,000 200,000
19 HEibbing silty clay loam 100,000 600,000
and loam
20-23 Summerville loam 50,000 100,C00
ol Vilas loamy sand 700,000 1,500,000
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Fig. 4.2. Soil texture disgram showing data points for horizons studied.
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Of the ten major soil regions, eight are represented by the pedons
gelected for study in this project (see Fig. 4.1 and Tables 4.1 and k.2).
Although site 24 is in region G, the soil, Vilas loamy sand, is more
typical of region H, and in that sense the latter reglon ls represented.
Soils of region J are not included in the study because they are subject
to a high stationary water table and to flooding by streams, which makes
them unfit for installation of septic soil abgorption fields.

The soil horizons in which the seepage beds occour range in hexture
from clays to sands (Fig., 4.2) (Iee, et al., 1962) and in soil structure
(Fig. 4.3) from apedal (massive and single grain) to pedal (granular,
platy, blocky and prismatic). These four types of peds are shown
diagramatically in Fig. 4.k, where, except for sandy soils, Al horizons
are depicted as granuvlar, A2 horizons as plaby, upper B2 hordizons as
blocky and lower B horizons as prismatic. In the same figure mounds
(to be discussed in Chapter 8) are indicated as possible supersiructures
on the six soils that are most troublesome with regard to subsurface
liquid waste disposal, namely the tight soils with a low hydraulic
conductivity (Hibbing, Oshkosh, Withee and Tustin) and the shallow soils
over fissured limestone (Summerville) and sandstone {Arland). Data points
in Figs. 4.2. and 4.3. include some for mound fill materials used in Door
and Ashland County, showing that they are as sandy as C horizong of
Plainfield and Sparta soils.

In this study, stratificetion of soil materials below seepage beds
was only encountered in the Bumbird sandy loam {at site 1), in the C
horizon of which clay bands interrupt the sand substratum. DMore study
is reeded to determine the influence of such lamination in subsoil materials
on movement of liquid wastes under and rear land-disposal systems. However,
the array of soil materials selected for the current field study appears
to be quite representative of major soils of the state (Figs. 4.2. and
4.3.). Even so, special attention was paid to sandy soils because of
problems of disposal of septic tank effluent in them at recreational
facilities near lakes and streams, remote from municipal sewer systems.

For thousands of years our soils have served as disposal systems
for wastes from upland forests and prairies., The accumulations of black
humus {particularly evident in surface soils at sites 2, 3, L, 17} and
reddish brown organic matter (in subsoils at sites 1k, 24) represent
decomposing plant debris from grasslands and forestlands, respectively.
If these natural vegetable and animal wastes had not been taken care
of by normal processes, vash blankets of wood and prairie hay would have
smothered the land long ago. When, in the present conmtext, people pui
human wastes in soils, care must be taken not to overload the soils.
Design and management must be such that the natural procesgses of waste
disposal sre permitbed to work, as they have through the ages, to gradually
and safely return organic materials and nubtrients to soil, air and water.
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5. RESULULS OF FIELD AKD LABORATCRY STUDIES

5.1. Introduction

Results of monitoring fourteen operating seepage beds will be dis-
cussed in this chapter. Ten of these beds were in soil materiasls with
a sand texture {Chapters 5.2.1, 5.2.2 (dry wells ), 5.2.3.1, 5.2.3.2,
and 5.2.7). The five systems discussed in Chapter 5.2.1 were most
thoroughly investigated by not only applying soil-physical, bacteriological
and chemical methods to the soil surrounding the bed, but also by analysing
liguids from well points installed around the system to study movement and
pollution of the ground wabter. Such emphasis on the study of sands as a
porous medium for liguid waste disposal is Jjustified by considering the
increasing number of recreatlonsl facilities in sandy soils near lakes
and streams being constructed at this time, most of which have to rely on
geptic tank ligquid waste disposal. Study of sandy materials is also
important because of their potential use as £ill maiterials in experimental
mound systems to be congtructed in soils that are unsuitable for a con-
ventional subsurface seepage bed (see Chapter 8). The four remaining
gsystems discussed in this chapter were in moderately permeable loamy soil
materials (Chapter 5.2.4) and slowly permeable clayey soil materials
{Chapter 5.2.3.3, 5.2.5 and 5.2.6). One basic decision was made in this
study regarding the total number of sites to be studied and the desirable
degree of detall in obsgervations at each site. Rather than concentrate
on a few sites in great detail, which would involve sacrificing the possi-
bility to obtain a more comprehensive pilcture, it was decided to work at
more sltes instead, using moderately detailed procedures of monitoring.
In addition, the gampling program was not rigidly similar at each site
but was varied as needed, to obtain the maximum relevant information at
an optimal cost of manpower and other resources. Continuing studies are
in progress at this time in which specific aspects of problems encountered
during this field work are being studied both in the laboratory and in
the field.

5.2. Results of monitoring operating subsurface soil dispossl systems

5.2.1. Adams County study area

5.2.1.1, Introduction

Five subsurface seepage beds, used for the disposal of septic tank
effluent, were investigated with soil-physical, hydrogeological, bacteriologi-
cal and chemical methods. In the first phase of the project soil moisture
tensions were measured around the seepage bed of system 1 and bacteriological
samples were taken of soil and effluent in September 1970 and in May 1971.
The sampling program was congiderably expanded in the Summer of 1971 with
the construction of well points around this and four additional systems in
the area. The five gtudy sites are located in the vicinity of Adams-
Friendship in Adams County, Wisconsin (see Fig. 5.1, which is derived from
the U.S5. Geological Survey topographical map, Adams Quadrangle). Monitoring
results are reported and discussed for each of these systems in the following
chapters.
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The purpose of thege investigations was to obtain a relatively compleie
picture of processes of liguid movement and transformations occcurring during
disposal of septic tank effluent in sands.

Study sites were selected to represent a range of characteristies, such
as: (1) distance of the seepage bed to the ground water, {2) age of the
system, and (3) hydrogeologic setting.

Observation wells were installed in the immediate vicinity of each drain
field, ranging in number from 6 to 17 per site. The depth and construction
of obgervation wells at each gite along with the elevation of each well curb
(top) above an assumed site datum are shown in Table 1 in the Appendix.
Iocations of the observation wells at each site are shown on the potentio-
metric map for each separate system. Steel electric conduit, 3/4 inch
diameter, was used Tor casing the wells at sites 1 and 2 and were driven
by hand. Blaek iron pipe, li inch diameter, with L% x 12 inch drive points
were used at sites 3, 4 and 5. The pipe was installed with a power auger.
Elevations of well curbs above an assumed datum were surveyed by a Zeiss
self-leveling level and were resurveyed at sites 1 and 2 for each set of
water measurements. The depth of the water table below well curb measure-
ments are shown for each site in Table 2 in the Appendix.

Potentiometric maps were congtructed from measurements of the ground-
water level at esch site to establish the direction of ground-water movement.
Fhysical measurements of soll moisture tensions were made in the soil adjacent
to the seepage beds to physically define the infiltration process {Fhoto 5.1).
For procedures, see Chapter 3.2.5. In addition, hydraulic conductivity
values were measured in situ (Chapters 3.2.3. and 3.2.%k.) and moisture reten-
tion characteristics were determined in the laboratory using undisturbed
field samples {Chapter 3.2.5.). Liquid samples were taken from the effluent
and from wellpoints in three different periods to be analyzed for chemical
and bacterial peollutants. Ligquid samples were obtaired with a small bailer
after first bailing the stagnant water from each observation well., (For
analytical procedures, see Chapters 3.3 and 3.4).

5.2.1.2. Geologic and hydrologic setting of the gres

The 5 study sites lie in an area covered by eclian, ouwtwash, and
glacial lake deposits (Alden, 1918) consisting of interlayered clay, silt
and sand. The topography is quite flat with a westward slope of less than
10 feet per mile except for isolated sandstone bedrock mounds that rise
goruptly 250 feet or more above the general land surface (Fig. 5.1). The
thickness of unconsolidated glacial lake deposits ranges from zero at the
sandstone mounds up to about 150 feet in and to the west of Adamg-Friendship.

The area lies adjacent to the Castle Rock Flowage on the Wisconsin
River and is drained by Little Roche a Cri, Carter, Klein, Duck, and several
rnnamed creeks that empty into the flowage and the Wisconsin River (Fig. 5.1).
The flowage is regulated within a range of 7 feet of stage which effects
ground-water levels at siteg 1 and 2.

Ground~water movement in the area is generally westward toward the
flowage and, locally, toward streams. At the southeastern part of the
flowage, in the vicinity of Site 1, waler is moving eastward out of the
flowage at least part of the time into the ground water reserveoir due to
the hydraulic head imposed by the reservoir. However a drainage canal
paralelling the flowage (Fig. 5.1) captures much of this water as well as
westward moving ground water from east of the canal.
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Fig. 5.1.

location of the five study sites in Adams County.
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Photo 5.1. Apparatus for field measurement of soil moisture tensions. The l/8-inch

plastic tubes (T) are filled with water and connect pencil-sized tensio-
meters (inserted into the soil at points 1, 2 and 3) to mercury cup M.
Moisture tension in the soil is determined by reading the equilibrium
level of the mercury column in the tube along the calibrated scale, S.

5.2.1.3. System 1

The site is located about one half mile west of the drainage canal
paralleling the Castle Rock Flowage (Fig. 5.1) which is the principal
discharge point for ground water in this area. The terrain as well as
the water table is very flat.

This system is twelve years old and has functioned satisfactorily over
the years. A top view of the system and two cross sections of the seepage
bed are in Fig. 5.2. The locations of the three seepage beds are very
evident on the soil surface due to abundant grass growth on top of them
(Photo 5.2). The tiles are set in gravel-filled trenches approximately 23
feet deep. A distribution box selectively directs effluent to the three
drain tiles based on amount of flow, as the opening of each tile enters the
box at different elevations. The pipe leading into the southern leg of the
system (Fig. 5.2) is one inch higher than the northern one. However, the
level of liquid in the distribution box was sufficiently high to enter all
pipes at the time of the study, thereby establishing one liquid level in
the three beds (Photo 5.3.). The system usually serves 3 adults and the
measured loading rate was 130 gallons per day (based on figures for flow
through the housewell measured in a one-month period in January 1972).




Photo 5.2.

Absorption field in Plainfield loamy sand (system 1). The location of the seepage beds, which were partly
filled with effluent, is clearly marked by lush growth of grasses (G).

An excavation (E) was made
next to the middle bed for purposes of sampling and measurement of soil moisture tensions (see diagram, D
of system, Figure 5.2).




ADAMS; Plainfield loamy sand. System1
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Fig. 5.2. Top view of system 1 with locations of sampling wells and two
cross sections of the seepage bed with locations and readings
of tensiometers (Adams).

Photo 5.3. View of distribution box with 1lid removed, showing inlet from septic
tank (S). Three pipes, of which L is clearly visible, lead to the
three legs of the seepage field. These pipes leave the box at 4dif-
ferent levels: pipe (L) is one inch higher than M, which is one inch
higher than R.
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Photo 5.k.

Excavated seepage bed (S) (note gravel and sbundant root
development) of disposal system 1 (Adams County). The
sand surrounding the seepage bed had a high K. ; of

500 cm/day. However, effluent was ponded in the bed due
to crusting which induced a tension of 23 mbar in the
surrounding unsaturated soil. The crust was punctured
at one time and effluvent flowed from the bed into the
adjacent pit (P) where it seeped away in minutes through
the very permeable uncrusted sand.
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The soil in the area was classified as a Plainfield loamy sand (Typic
Udipsamment ) with the following soil horizons: Ap:0-26 cm: Very dark
grayish brown loamy sand, gpedal coherent structure resulbing from inter-
gramular bonds in the soil matrix (agglomeroplasmic basic fabric). B2:26-TO cm:
Strong brown sand, structure as Ap. B3:70-85 cm: Strong brown sand, single
grain. C:85 cm+. Brownish yellow sand, single grain. Particle size dis-
tributlon and some other physical data are in Table 5.1. Hydraulic conductbivibty
values for the C horizon and meisture retention data for all horizons are
in Fig. 5.3. 7Three percolation tests were made that averaged 2 min/inch.
Moisture tensions of 20 %o 23 mbar were measgured in the soil adjacent to
the central seepage bed in September 1970 and May 1971 (Fig. 5.2). Effluent
wasg ponded in the bed at the same time, indicabing the presence of a crust
at the interface of the goil and the bed that reduced the infiltration rate
into the soil. The crusted zone on the sidewall of the bed was punctured
at one time and ponded effiuent flowed from the bed into the adjacent pit
vhere it seeped awsy in minukes through the very permeable uncrusted sand
{(Pnoto 5.4). With Kgat = 500 cm/day and Kposuhar = 10 cm/day, the reduction
can be estimated to be 33 fold (assuming hylraulic gradients of 1 cm/cm,
which are close to the real measured gradients, that can be derived from
Fig. 5.2). The number of excavations had to be limited, unfortunately, to
these two pits due to the disturbing effect of digging in the lawn. However,
hydrological data indicate that the rate of infiltration of effluent into
the soil is not evenly divided over the entire seepage bed area. This
aspect can not be verified at this time, due to the lack of additional moisture
tension measurements at other locations. The crusting pheromenon, however,
is well documented becguse only crusting can explain the occurrence of ponded
effluent in the seepage bed in this very permeable soil. The soll environ-
ment is well~serated at a moisture tension of 23 mbar. Only 13% of soil
volume is occupied by liquid, which oceurs in the finer soil pores only,
and 24% is occupied by air (Fig. 5.3). Relatively slow movement of effluent
through fine soil pores has been effective in removing fecal indicators from
the effluent after only a few cm of soil percolation as is shown Dby the
results of bacterial analyses of soil samples as reported in Table 5.2.

The liquid in some well points contaired fecal indicators.

However, fecal coliform (FC) to Fecal streptococcus (FS) ratios did
not indicate contamination of the test wells by percolating effiuent,
except for a sample from well Bk that had a FC/FS ratio of 1.8 which may
have indicated possible contamination ag the ratio was between the 0.7 and
4.0 values discussed earlier in Chapter 3.k. (Table 5.2).

Ground water at the site is moving under a gradient of less than 3 feet
per mile, Soil auger borings to a depth of 9 feet at the site showed under-
lying material to consist largely of medium to fine-grained quartz sand
with some very fine and very coarse sand.

The potentiometric map of the water table, Fig. 5.4, was constructed
from water level measurements made on November 11, 1971 (Tsble 1, Appendix)
and shows direction of ground-water movement and effects of seepage on
the water table. Ground-water movement is down gradient and essentially
perpendicular to the contour limes. Thus, areal movement of ground water
is southwestward under a very low gradient (Note the comtour interval of
the map is only .05 feet). Superimposed on the flat water table is a low
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Table 5.1.

Plainfield loamy sand (System 1, Adams Co.).

Particle size distribution bulk densities and particle densities of horizons in a

Horizon C s MS o VFS s M3 Ccs vCs Texture Bulk Particle
density  density
(gr/cm3) (gr/cm3)
Ap 1.00 2.00 k.00 5.00 5.82 3.20 23.7% 49,67 5.88 loamy sand 1.51 2.57
B2 ——-- 2,00 1.00 3.00 9.45 6.k8 132.53 hil.,12 L.,21 sand L.hh 2.59
B3 mmwm  mmm= =-ee 1,00 1.72 3.42 22,72 63.76 6.55 sand 1.56 2.59
c mmm mmmm meme weew 0,03 0,50 13.60 84,15 1.99 coarse sand 1.56 2,45

)




Takle 5.2

Bacterial Analyses, System 1, Adams County

{bacterial counts per gram of soil or per ml in liquid sanmples)

T

Fecal ¢ Total Total
Sample and Date Enterococci | coliform [coliform |bacteria |[FC/FS pH

{See Fig, 5.2)

Sept. 18, 1970 (x107)

A, 6cm below X X 300 50
trench

g, 28cm below X X 100 2,200
trench

C, b6ecm from X X 10~100 10
side of trench

D, 36cm from X X 10~100 17
side of trench

Control X X 10-100 5

Distribution( 1) X 31,000 46,000 270
box effluent

May 26, 1971 (x109)

Crust material X X 4Ox104 40x10°

at bhase of trench

Scn below base X X 6,400 73.5%x10°
crust

40cm below base X X 40 12x104
crust

150cm below base X X X 68,500
crust

2m below trench(l) * * 10~100 38,000

{ground water)

Side wall crust X X 26,000 15x107

Scm from side wall X X 12,600 | 18,9x10°
(horizontally)

30cm from side wall X X 10=100 7 «3x10°
{horizontally)

Household well * * * 32

May 26, 1971

Trench effluent ‘1) 1 2,200 | 16,600 | 29,5x10%{2,000




>

Table 5.2 (continued)

Sample and date Enterococci | Fecal Total Total | FC/FS| pH i
coliform coliform| bacteria
(See Fig. 5.2)
Nov. 17, 1971
(test wells) (1) (x10%)
Al * * Ze7 555 6,4
Bl 194 20,0 70.0 192 0.1 6,4
R2 C.7 * 21.0 320 | 6.6
B3 * ' * 4,3 224 6.5
B4 1.7 3.3 57.0 288 1.81 6,6
B5 * * 4,0 328 6.6
86 I 3.7 * 6.3 469 7.1
R7 3.3 * 23.3 692 6.1
g (2) 491 7,250 7,250 2,430 | 14.8] 6.3
Cl 13.0 6.7 16.7 309 0.5] 6,3
Cc2 52.7 * 23.3 140 6.3
c3 256 * 6.7 180 6.5
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Table 5,2 (continued)

Sample and date Enterococci Fecal Total Total FC/FS pH
(See Fig. 5.2) coliform| coliform | bacteria|ratio
Nov. 17, 1971 5
(x107)
{ test wells)( 1)
c4 1.3 * * 160 6.4
C5 * * * 49 6.4
D3 0.3 * 32 19z 6.6
D2 0.3 * * 122 6.5
D3 1.3 * 73 140 6.5
House well * * * 0.7 6.7

(1) Liquid samples
(2) A large amount of decaying organic material was found in the well,

X

organisms not detected, € 10/gram in average of triplicate plating

*

organisms not detected, « 1/ml in average of triplicate plating




Fig. 5.hk. Potentiometric map of ground-water levels
around system 1 (Adams).

mound (.20-.25 foot high) created by recharge from the drain field. The
position of the mound indicates recharge iz occuring only from the middle
tile of the drain ield and largely from the end of the tile. The recharge
mound is elongate in the direction of ground-water movement.

An attempt o0 estimate the ratio of mixing of effluent and ground water
under the drain field was made at this site as it is one of the least compli-~
cated, hydrologically. The ratio is important to determine the dilution
by ground water of pollubants introduced into the aguifer by septic systems.

Hydrgulic conductivity measurements yielded a Kg i of 500 cm/day
(Fig. 5.3). Measurements were made by the double tube method which is
largely a determination of vertical conductivity. Horizontal hydraulic
conductivity in layered sediments is generally greater than vertical con-
ductivity. According to Weeks and Stangland (1971, p. 25) ratios renge
from 1:1 to 1:7 vertical to horizombal hydraulic conductivity in sands of
the central sand plain of Wisconsin., A ratio of 1:5 vertical to horizontal
conductivity was assumed for sands st site 1. Converting the 500 cm/day
to Meinzer units and multipling by 5, gives s horizontsl hydrsulic con-
duetivity of 600 gallons per day (gpd) per square foot.

It was assumed that all mixing of effluent and ground water occurs
within the top 10 feet of the aquifer and, from the piezometric map, (Fig. 5.k4)
across a 100 foot width immediately under the drain field. Thus, the
transmissivity of the aquifer strip is 6000 gpd/ft (hydraulic conductivity
x aguifer thickness). Dercy's Law states that the amount of water (Q)
moving through a saturated porous media eguals the product of the transmig-
gsivity (T), gradient on the water table (I), and the length of a combour
line across which the water is moving (L), or Q=TIL. From the piezometric
map, the average gradient was calculated to be .0CL5 feet/foot. Then
Q=6000 gpd/ft x .0015 feet/foot x 100 ft. or 900 gpd is moving through the
10x100 feet strip of aquifer beneath the drain field.




Table 5.3.

Results of chemical analyses of ground water sampled in wellpoints

around system 1 (Hw - housewell).

2l

ol

8

Iocation of 8 L7 17 2k 3 17 2l 8 17 2l 3 17 2k v
wellpoint Aug  Oct  Nov  Aug  Oct  Nov  Aug  Oct - Nov  Aug  Oct  Nov Aug  Oct  Nov Aug Nov
' NH£+-N ' No3"—m Total-N Dip Total-P c1”  pH
CHW -- -- 21 - e hoo -- - L8 -- 02 - - .02 -= 6.7
Al 0.9 1.1 0.k 0.4k 2.2 2.7 5.6 T.3 3.6 .18 <,02 <,02 1,12 .21 .06 L4 6.k
BL 1.9 5.7 2.2 0.3 9.1 ok 6.0 17.7 3.9 .13 .07 .05 .58 ,50 .18 5 6.k
B2 .3 L1 0.k 1.3 0.8 1.1 5.3 6.2 2.0 .30 .10 .23 48 .30 .34 & 6.6
B3 1.8 1.0 0.3 1.1 0.9 1,2 6.2 k.3 2.0 1.23 .25 .21 1.80 .31 .62 10 6.5
BL 6.7 12,9 ©¢.,1 16.1 1.2 1.7 3h.Lk 17.6 2.9 .09 .16 .15 A8 .28 .72 20 6.6

" B5 1.6 4,1 0,7 6.2 122k 1,0 38.6 18.4 3.1 .05 .02 ,03 Ltho .ok WL 25 6.6
B6 Lo 2.5 1.2 9.1 1.5 1,1 15.6 1.6 3.9 .05 .03 .02 .32 .23 .28 23 7.1
BT 5.7 8.1 2.1 0.3 3.5 20.5 9.1 16.8 2.9 .23 .03 <.02 .80 .24k k8 22 6.2
BS 13.7 1.5 1.k 0.2 2.7 0.3 31k 13.8 7.6 A5 .16 .oh 1.26 .44 .84 50 6.3
cL 0.3 0.9 0.k 0.3 0.7 0.7. 3.2 3.6 L.6 .03 <,02 <.02 1.06 .1k .16 5 6.3
ce 13.6 8.4 20.5 0,3 0.6 0.1 20,2 13.0 22.0 1.90 .2¢ .0k 2.80 .36 .hk2 28 6.3
3 5.6 5.9 1.5 0.2 0.7 0.4 12,2 8.4 3.1 L.00 .05 .06 1.98 .21 .92 24 6.5
cly 0,9 0.9 0.3 0.2 0.9 0.k k7 6.9 0.8 .0b .02 <.02 .58 .17 .28 & 6.h
c5 0.2 0.5 0.5 0.9 0.6 04 2.6 2.7 1.2 .02 <.02 <.02 .5 .22 .16 3 6.k
Dl 0.6 1.0 0,3 0.5 0.7 0.3 12.1 3.5 1.5 .0k .02 <.02 .36 kg .06 5 6.6
D2 1.0 0.k 0.3 0.3 0.5 0.6 1.5 6.2 1.1 <.02 <.02 <02 .30 .36 .0b L 6.5
D3 0.2 04 0.3 0.3 0.3 0. 0. 6.7 1.1 <.02 .02 .03 .50 .17 08 2 6.5
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Loading was 130 gallons/day for three adults. Thus, the estimated ratio
of mixing of effluent and ground water ilmmediately under the drainfield is
130/900 or 1:T7. Dilution will increase rapidly down-gradient when the
effluent disperses over a larger area of the aguifer.

The analysis of waters obtained from observation wells in this system at
a depth of about two feet below the ground-water level, reveals several trerds.
The first of these is the occurrence of high nitrogen and phosphorus contents
below the system (for example: well points C2, B6, BT) as compared with con-
trol samples outslde the flow system and thus not influenced by the seepage
bed (for example: well points Cl, D1, C5) (Table 5.3). The extent of diffusion
of ¥ and P dowrmwards into the ground water was not determined as no deep wells
were installed. However, water from the relatively deep house well at this
site contained relatively high total-N concentrations that were greater than
b mg/L, as tested in July and November. Iateral ground water flow from the
system is difficult to describe because of the probable heterogeneous Ilow
patterns throughout the layered soil in the C horizon. However, relatively
low 1 comtents, as measured in August in well points AL, Bl, B2, C, Ck and
C5 could indicate a general scouthwesgterly flow direction which would correspond
with hydrogeologlesl trends (Fig. 5.4t). More well points are needed in the
area southwest of the field to further document these trends. Effluent from
the bed was not analyzed here, but data from other sites showed that N in the
effluent occurred exelusively as NHy-N and organic-N, The data from the well
points of this system indicate that nitrification of NHL-N to NO3-N occurred
in the shallow, approximately three feet deep, unsaturated soil between the
seepage bed and the ground water (see well points BS5 and Bf in some, but not
all sampling periods}. But nitrification appeared to be incomplete as several
well points had still relatively high NAj contents (for example: (2). A decrease
ir W and P concentrations was found as a gereral trend in most well points from
August to November. This may have been caused by a decrease in the loading
ragte in this period ag the number of occupants in the house decreased from
three to six. Concentrgtions in some well points were quite variable in
different sampling periods {for example: B4, B5, BY) and continued monitoring
should be made to determine the cause.

5.2.1.%. System 2

This system is eight years old. A top view and a cross seciion of the
seepage bed are in Fig. 5.5. The system has a single 60 feet long perforated
pipe laid in a gravel filled trench about 2 feet deep. The system regularly
serves three adults and handles a measured daily load of 150 gallons {average
for Jamuary 1972).

The site is located adjacent to an inlet of the Castle Rock flowage
(Fig. 5.1, see alsoc Photo 5.5). Ground water under the site is moving north-
ward toward the inlet under s very low gradient of 6 x 1072 feet/foot or
about .3 fEet/mile. Auger holes to s depth of 5 feet at the site indicated
g predominantly medium to fine grained sand with some peat. The area
reportedly has been filled several feet and covered a small wetland adjscent
to the inlet. The heterogeneous goil fill was about two feet deep and had
a loamy sand texture. Below this f£ill buried, and saturated, A and C
horizons were found of the original "soil". The Ab horizon (0-20 cm) was
a black sand with a dense soil fabric (bulk density: 1.8 gr/cm3). The
horizon had 1% clay, 7% silt and 92% sand (8% very fine and fine, 13% medium,
68% coarse and 3.4% very coarse). The Cb horizon was a dark greenish gray
sand with a single grain structure and a similsr texture as the Ab.




Photo 5.5. Subsurface soil disposal system 2 (Adams County). The subsurface seepage bed (S) with an airvent (A)
was close to the ground-water level, which is indicated by the level of the lake in the background.
This system functioned poorly. &




ADAMS ; Low site with sandy fill. System 2
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FHeg. 5.5. Top view of system 2 with locations of sampling wells and a
cross-section of the seepage bed (Adams).

. ’.Eh? ‘ground-water level at the drain field in July through November was
15 to 25 feet deep depending on topography. The water table was at or slightly
above the bottom of the gravel-filled trench during this period. Because of
its proximity to the Castle Rock lowage, ground-water levels are directly
influenced by changes in stage of the flowage. A rise in level of the flowage
may cause ground water to inundate the trench and possibly reverse the gradient
on the water table. Conversely, a substantial drop in stage will grestly
increase the gradient of the water table and effect movement of effluent out
of the drain field. At the time of the measurements the stage of the flowage
was near maximum. Continued monitoring of the site is needed to document
thege changes.

The potentiometric map of the water table at site 2, measured on
November 11, 1971 (Fig. 5.6}, shows only a very slight general mounding
along the trench with a small mound at the north end of the trench indicated
by well B2. Wells A3 and B3 azre set in the gravel filled trench and show
that the trench is £illed with effluent approximately to the level of the
discharge pipe. Ground-water movement and thus the flow path of effluent
is perpendicular to the contours shown (Fig. 5.6) and is northward to the
inlet where it is discharged.

The procesges of disposal of effluent cccurring in this system are
essentially different from those in soils where the seepage bed is located
well gbove the ground water and where movement occurs through unsaturated soil.




Table 5.4 Bactexial Analyses, System 2, Adams County
Sampled Aug. 24, 1971 and Nov. 17, 1971

(bacterial counts per ml)

I l Fecal Total | Total
Sample Enterococci coliform coliform bacteria FC/F$ pH
(See Fige 8/24 | 11/17 8/24 | 11/17 8/24 §{ 11/17 8/24 -'11/17 8/24 | 11/17 ||11/17
5,5) _ (x103) | (x10°) |
Al 33.7 1.0 7.0 * 660 * 67 30 0.2 6.4
A, 328 68,0 * * 5,410 3.7 900 112 | 6.6
Az 990 1,220 1,300 1,070 |[|27,000 | 53,000| 23,000 700 1.3 0.9 || 6.9
Ay 33,7 1.0 * 0.3l 267 2.2 900 290 0.3 || 6.9
Ag 5.0 * * * 2,600 2.0 140 [>10,000 6.5
By 33.7 5.3 * * | 287 2.0 1,130 64 6.6
Bg 1.0 | 249 23.0 D.3-3,0} 6,300 3-33 7,000 | 1,560|| 23.0 | <o.02| -~
By 697 205 300 200 (37,300 1,200f 18,700 6,900 0.4 1.0 || 7.4
B, * * 31,0 * 410 0.3 42 124 6.7
c 1.3 | * * * 767 * 41 108 6.3
D 0.7 43,0 * 50 163 1,320 27 256 1.2 || 6.4
E | s8.0 * 110 * 1,480 3.0 417 220 1.9 6.6
F | 913 13,7 * * 7,240 1.0 223 256 5.8
H & 0.7 * 1.7 | 7 6.8

* = organisms not detected,< 1/ml in average of triplicate platings

<8




Fig. 5.6. Potentiometric of ground-water levels
© around systen 2m? dams ).

Effluent is flushed from this system by the ground water and the bacterial
analyses of liquid from the surrounding wellpoints (Table 5.L4) indicate
that the lack of unsaturated flow in this flow system strongly decreases
its effectiveness as a purifying filter. The movement of fecal organisms
into test wells adjacent to the adsorption trench occurred as indicated by
FC/FS ratios. The ratios of FC/FS obtained for trench effluent were, 0.k,
0,9, 1.0 and 1.3. In adjacent wells FC/FS values of C.2, C.3 and 23.0
were found. This seems to imply that the zbsence of crusting permitted
greater lateral movement of fecal organisms than in similar soils where

83

crusting was found. Two other wells located in the direction of ground water

flow algo had FC/FS ratios within the range of 0.7 to 4.0, indieating
possible human contsmination.

Interpretation of the Nitrogen and Phosphorus concentrations in the
ground waters of this site, sampled at two feet below the ground-water level,
ig considerably more complicated than at site 1 (Table 5.5). The system
is subject to more interferences, due to its location both in the shallow
water table and heterogeneous f£ill materigl. For example, leaching of sur=-
Tace applied nutrients, grass clippings and lawn fertilizers are potential
interferences in such a shallow walker table.




Table 5.5. Kkesults of chemical analyses of ground water sampled in well points around system 2. (Bw = housewell).

ol ) 17 2L 8 17 2k 8 17 ol 8 17 2 3 17 2k 1T
Iocation of Aug Oct  HNov Aug Oct Nov Aug Oct NWov Aug  Oct  Nov Aug  Cect Nov Aug Nov

wellpoint A NO, "= Total-N Dip __ Total-P___ 017 pH
Hw - 0.3 0,6 == 0.3 0.3 == k.o 3.6 -- A3 .10 -- 33 W e --
Al b5 6.9 8,0 0.4 0% 0O, 11.1 1k,1 0.2 66 03 .05 L1.62 .30 .3k 10 6.k
A2 32.h 57.2 60.1 ol 0.5 0.6 Lo.2 61.8 67.0 1.05 .22 1.20 3.36 .66 1,70 65 6.6
A3 .5 67.8 7th.,2 04 0.2 0,1 105.0 93.1 8L.8 k.ho .57 9.50 8,00 1.08 15,5 70 6.9
Al 39.8 32.3 k3.7 0.5 O,h 0.6 k6.2 k2.6 k7.5 1.08 .07 0,10 T.20 .28 .35 50 6.9
A5 2,7 8.6 1.3 0.4 0.8 0,1 12,6 9.1 2.2 ,20 ,08 ,07T 1.k8 .26 .20 k5 6.5
Bl 5.8 8.6 2.3 0.4 0.7 0.6 12.1 1.9 L6 ,12 .08 <.02 .76 .30 .14 50 6.6
B2 8.5 -~ N ¢ 0 R T L % - b0 - e 164 e -e 50 --
B3 -— - -- - == em 62,0 w- --  L,00 ~- . 11,20 == -~ 60 T.h
Bh 5.3 ~-- 104 o4 -- 0.2 20.5 -~ 12,k 3,28 - .05 6.8k -~ 14 60 6.7
1 0.3 1.9 0.3 1.1 0.8 0.2 4,0 5.9 1.2 ,06 <02 .04 .32 .22 .08 Lk 6.3
DL 1.9 1.8 0.1 0.2 04 0.3 6.1 5.0 2.3 .08 .05 <.02 3.80 .29 .13 5 6.k
El 5.3 5.5 1.5 0.3 0.5 0,1 11,7 11.2 k4.9 3,20 .32 .02 T7.60 .52 .30 T 6.6
FL 0.2 2,3 0.2 0.2 0.6 04 3.0 L. 2.2 Oh 09 ,07 1.6 .26 .20 & 5.8
HL -- ok 0,2 - 04 0.3 -- 2.0 1.1 -~ <02 <., 02 =-- 1 04 -- 6.8
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From the data presented in Table 5.5 and the corresponding potentiometric
map, Fig. 5.6, it is obvious that the seepage bed acts as a point source
discharge for effluents high in N (90% NH,~N) and P concentrations. Absence
of nitrification processes in the flow system is indicated by very low NO3
contents throughout. Nutrients have not teen found in significant concen-
trations in wells D, E, gandF between the bed and the flowage as would be
expected from the hydrogeologic data. The possibility of M - adsorption
and fixation on negatively charged clay and organic subsoil fractions
could account Tor the low concentrations found in these wells.

5.2.1.5. System 3

This system wag 5 months old at the time of the first investigation
(July 1971), A top view of the system is shown in Fig. 5.7. The system
has a single drain, about L2 feet long, set in a gravel-filled trench which
is about 3% feet deep. The system serves 2 adults and an infant and has a
measured loading rate of 95 gallons per day (average for Janusry, 1972).

The site is located adjacent to & broad wetland drained by Duck Creek
(Fig. 5.1) which is the discharge point for ground water in the immediate
area. The land surface slopes northward dropping about 6 to 8 feet in the
160 feet between the house and the edge of the marsh. Examination of samples

from auger holes showed & uniform medium snd coarse grained sand with some
very coarse gnd very fine sand to a depth of 15 feet. The water table is
at a depth of about 10 feet near the drain field. Separate soil analyses
were not made at this sifte and physical characteristics of the soil around
the bed are assumed to be similar to those around System 1.

Duck Creek Marsh

i R,
e e i s et i

garden . .60

1.00 house |O house well

40 ft

Fig. 5.7. Potentiometric mep of ground-water levels around
system 3, with locations of sampling wells (Adsms)




Table 5.6.

Results of chemical analyses of ground water sampled in well points around system 3
(Hw = housewell, * = < 0.02 ppm).

ok 8 17 2k 8 72k 0 17 24 B 17 2k 8 17 24 17

Iocation of Aug Oct Nov Aug Oct Nov Aug Oct Nov Aug Oct Nov Aug Oet MNov Aug  Nov
vellpoint gy *oy N0~ Total-N Dip Total-P  CL' pH
Hw we OML 0,8 == 0.9 0,7 =~ 2.5 2.5 == % % -- .22 .12 -- 8.2

BL 0.3 0.5 0.% 0. 0.3 0.9 2.9 2.1 2.0 * * * A0 12 W06 7T T.2

B2 0.k 0.4 0.1 0.3 0.k 0.4 3.5 2,1 1.1 * * * l.24 bk 05 b 6.8

B3 0.1 0.3 0.2 0.2 0.4 0.3 3.2 L.0 1.5 .03 * ¥ 1,86 ,12 .03 3 7.1

Bh. 0.2 0.3 0.1 0.2 0.3 0.3 3.k 2.2 1.2 .02 =* * 2,5h ok Lok 2 7.5

cL 0.4 0.3 ©,1 0.3 0.3 0.1 3.6 2.5 1.2 .0k = ¥ k,s2 08 04 6 8.0

ce 0.3 0.3 0,1 0.3 0.3 0.2 L.k 2.2 1.1 .08 .02 % 2,80 .36 .02 5 6.6
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Table 5.7 Bacterial Analyses, System 3, Adams County
Sampled Aug. 5, 1971, Aug. 26, 1971 and Nov. 17, 1971

(bacterial counts per ml)

Sample Enterococci Fecal coliform | Total coliform Total bacteria pH

(Sc;e?};‘ig. 8/5 | 8/26} 11/17} 8/5 8/26 11/17?J 8/5 8/26 | 11/17 || 8/5 8/26 {11/171{|11/17
Al * * * 276 8.2

{house well)
Bl * * * * 0.3 * 830{ 115 7.2
B2 * * * * * * 810 | 197.0 * 73,000 {423,000| 981 6.8
B3 * * * * 0.7 * 2,870| 810 7.1
B4 * * * * * * 1B 000! 172 745
c1 I |« * * * » 120 | 1.0| = [|340000] 2330} 240 || 8.0
c2 * * * * * * * * * 2,000| . 2,870{ 66 6.6

* = grganisms not detected, <1/ml in average of triplicate platings

L8




from auger holes showed a uniform medium and cosrse grained sand with some
very coarse and very fine sand to a depth of 15 feet. The waber table is

at a depth of about 10 feet nesr the drain field. Separate soil analyses

were not made at this site and physical characteristics of the soll around
the hed are assumed to be similer to those around system 1,

The potentiometric map of the water table (Fig. 5.7) was constructed
from November 11, 1571 water level measurements. Ground water was moving
northwestward under an average gradient of sbout I x 1073 feet/foot or
about 21 feet/mile and discharged to the Duck Creek marsh. There is no
discernsble mounding of the water table under the drain field. Excavation
of this drain field showed the trench to be dry because crusting at the soile
gravel interface has not had sufficient time to develop due to the low volume
use of the system. Thus, the trench provides only an intermittant rather
than a constant source of recharge to the water itgble. The steeper gradient,
and greater depth to the water table as compared with Sites 1 and 2, also
probably contributes to lack of mounding at Site 3.

Because of its short period of use and lack of crusting this site
should be monitored to document changes that occur both in the drain field
trench and in the underlying ground water as the systenm ages.

The newness of this seepage bed is alsc indicated by the results of
the chemical (Table 5.6) and bacterial (Table 5.7) analyses made from liguid
samples from the well polnts at a depth of seven feet below the ground~
water level.

Test wells at this site were free of FC and FS.

Anglyses of the ground water at this site revealed no discernable
difference in the N and P concentrations in wells placed in and out of the
area potentislly influenced by ground water flow. The lgtegt sampling
(Wov. 17, 1971) indicates the Total-N concentration to be no grester than
2.5 mg/L in any well tested, with NHy-N and NO.-N levels at less than
0.02 mg/L., The absence of higher contents of %hese nutrients may be due
to processes of immobilization and adsorption in the eight feet of soil
below this relatively new soil sbsorption system. However, lack of diffusion
deep into the ground-water body to the level of the well points may be
another reason.

Continued monitoring of this system will provide an insight as to the
tTime lag between the Introduction of effluvent to the seepage bed and the
appesrance of excess N and P in the ground-water itable. Well points will
be raised to a level of two feet below the level of the water table g in
the other sites,
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5.2.1.6. System &

This large system is four years old and has been functioning satis-
factorily. Tt serves a sgki lodge and has extremely heavy use during the
winter months, particularly during weekends. A top view of the system and
a section of the seepage bed are in Fig. 5.8. Four, 90 foot, drain tiles
are set in a 95 x 30 foot gravel bed that is approximately 3 feet deep.
The loading rate of this gystem could not be measured directly because it
required a large and expensive high-capacity water meter that was not
gvailable. The loading raite, which is highly variable not only geascnally
but also within any given week, was estimated to be periodically as high
as several thousands of gallons per day.

This site is located north of Adams-Friendship on the west flank of
the Friendship Mound (Fig. 5.1). The land surface slopes gently away from
the site to the north, west and south. Ground-water movement generally
follows the slope of the land surface from the sandstone mound, which
acts as a recharge area, pasgt the drain fleld site tc Roche a Cri and Carter
Creeks where it is discharged. Depth to the water table at the site is
about 50 feet.

ADAMS; Plainfield loamy sand System 4
|
T ©B1 ]
N { e
_~ well
e
‘ﬁ_%?%f_ﬂ,,_—~ ..n.a
(/ tile fiet ST i, 32 23
s vent,_\ - Oiodge| 34 3
s g3 d0 2135 7223 "3
\ B4 excavation 1
‘ _ 29 79 28
\ . 30 cem
30 it TgE \\
. Cross section of bed
Top view of bed and locations of sample well points and readings of tensiometers {mbar)

Fig. 5.8, Top view of system 4, with locations of sampling wells and a
section of the seepage bed with loeations and readings of

tensiometers (Adams).




Table 5.05.

Particle gigze distribution, bulk densities and particle densities of horizons in a

Plainfield loamy sand (System 4, Adams Co.).

Bulk Particle

Horizon C s MS cs VIS 3 M3 cs Ves Texture density density
(gr/em3) (gr/cm3)

B2l 1.00 2.00 3.00 1.00 2,60 6,90 15.69 65.89 1.70 coarse sand 1.5k 2.71
B22 3.00 www= 2,00 ww-= 1,72 2.98 6.25 82.08 2.70 coarse sand 1.kg 2.67
B3 mmm= memm 1,00 ---- 1,19 2.17 10.2k 82.27 3.04 coarse sand  1.61 2,72

c mm==  e-ee we-e- 1,00 0,11 0,63 6.68 86.02 6.20 coarse sand 1.67 2.63

06
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The soil profile in the area was classified as a Plainfield loamy
sand (Typic Udipsamment) with the following horizons: Al:0-6 cm: Brownish
black loamy sand with many recognizable plant remains, fine subangular
blocky. A2:6-9 cm: Brownish black loamy sand. B2L:9-51 em: Brown sand,
medium subangular blocky. B22:51-60 cm: Brown sand, single grain. B3:60-75 cm:
Yellowish brown sand, single grain, and C:T75cm+:; Bright yellowish brown sand,
single grain. Particle size distribulion and some other physical data are
in Table 5.8. Hydraulic conductivity values for the C horizon, as measured
with the crust method in situ, and moisture retention data for all horizons
are in Fig. 5.3 (Chapter 5.2.3)., Three percolation tesis at the site in
the C horizon averaged 2 min/inch. Moisture tensions of 21-25 mbar were
measured in the goil adjacent te the hottom of the seepage bed, whereas ten-
sions in the natural soil at similar depths were 3L mbar (Fig. 5.8).
Crusting of the interface between the gravel bed and the underlying soil,
is indiceted by the occurrence of ponded effluent in the entire seepage bed.
The measured tensions were remarkably similar to those measured around the
bed in System 1, indicating that the "erust” had a similar hydraulic
resligtance despite differences in loading patterns of the two gystems.
With Kgat = 500 cm/day and Xo3 mbar = 15 om/day, the reduction in infiltration
rate into the goil due to crusting can be estimated to be 33 fold. The soil
below the bed is well aerated due to the unsaturated condition. At 23 mbar
the C horizon contains 15% liquid by volume and 22% of air (see Fig. 5.3).
Results of bacterial anmalyses of soil around the scepage bed show that fecal
indicators are removed within a few cm of percolation, and anslyses of
well waters also prove %o be free of fecal indicators (Table 5.9). This
implies that this system was functioning guite well from the viewpoint of
bacterial purification.

The hydrology of the area is gquite complex because of the sandstone
mound and because of interbedded gllt and clay layers in the alluvial aquifer.

The sample log for the gki lodge well, located about 100 feet west of the
drain field, is shown in Fig. 5.9. The clay layer from 30-55 feet is
persistant under the drain field and acts as a partial barrier to the down-
ward movement of water. The clay layer appears to dip westward at about

the same angle as the land surface. The well at the old ski lodge (Fig. 5.8),
located east of the drain field and closer to the sandstone mound, is
reported to be 35 feet deep and was flowing 3 to 4 feet above land surface
during field investigations. The well apparently taps a small artesian flow
system confined by clay layers that dip quite steeply westward off the
sandstone mound.

The potentiometric map of the water table (Fig. 5.10) was constructed
from November 11, 1971 water level megsurements. It shows the regional
water table at about 50 ft depth and a shallower mound of water perched on
the clay layer under the drain field. This shallow perched water body is
defined by shallow wells B2, B3, and Cl (Fig. 5.8) and apparently results
from effluent from the drain field that is retarded by the clay layer in
its downward movement. The slight westward "bulge” of the contours on the
regional water table at the drain field indicate that recharge is occurring
from the perched water through the clay layer.

Fig. 5.11 giveg a cross section of the seepage bed and underlying soil
layers and graphically demonstrates the chemical transformaticons in the
leached effluent. The perched water table on top of the clay layer permits
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UNIVERSITY OF WISCONSIN GEOLOGICAL & XATURAL BI_STORY SURVEY Log No. All-Ad-55
1815 University Avenue, Madison, Wiscamsin 53706 Sample Nos. A1l Retained
Well name Sky Line Ski Area Well #2 County: Adams R.6 E
Preston Township Completed... 1/12/70 - } :
Owner,... Sky Line Ski Area, Inc. Field check. “t" T ":‘“
Address.. Route 2 : Altitude,,.. 18 .
Friendship, Wisconsin 53934 Use......... Iodge Nt -
Driller.. Ace Well Drilling Co. Static w.1.. 2g¢° 1-t- 4- i
Engineer. Spec. cap... o ]
) Sec. 31
Quad. Adams 15'
Drill Hole 1 Casing & liner ﬁpe or Curbing
Dia.| from to [pia.| frem to [Dia.| Wgt.% Kind | from | to [Dia] Wgt.& Kind | from to
12" o | a0 12" New black | o' | 40' | 6 [[-&C. New b1} +137 | 104’
6" | 20" |{108" steel P.E. steel 19,45
49.56 1bs. , lbs, per ft.
per ft. 6" B ft, screen| 104' | 108"
Grout: Kind _' from to
Cement and water o' 40'
Samples from 0O to 108°' Rec'd: 1/27/70 Studied by: M. Roshardt Issued:March, 1970
Formations: Alluvium '
.Remarks: Well tested for 12 hours at 60 gpm with 30 feet of drawdown.
LOG OF WELL:
Graphic | Rock | Grain Size , .
Depths Section Type Color Mode[ Range Miscellaneous Characteristics
Oub. 5 Sey op paid M ¥r/o Sumptz, faldspar, chart
5=10 1] " 1] Somp
A 10=15 - 11 " 1t 11
I i5-20 ; " [ n 1
20-25 - 1) "n 1] %
L 25-30 i 1] " 1] "
UL 50-35 | | Clay | Red brown {Clay {-- Calearsous, Trece sand.
v 35=40 1" 1 — Sams
I 4045 " " N "W
- 45-50 | 1" " - Caloaresus LIittle mand
S0-55 4 ji] 13 -
M[ 5580 [ . Bn gray |M Po/C Littla slay.
[ 80-65 L ' Gry or j \Fo/¥C. .. | Mized-mostly quartz.. Temcs grapules,
8570 B " M th Same
20275 . 1" 1 1 13
:ZE:&! -+ ™ Ll " 113
| 80-85 K n C w "
500 [ 1m o [1] 111
£0-95 - " [T " [
95300 | " n ™w "
4 100-105 N 1" ”n " "
He8[ 105.108 L " 1" " 1w
END_OF LIOG
Page 1 of 1

Fig.5.9. Sample log for the well point nesr system 4 (Adams)
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50.31

Fig. 5.10. Potentiometric map of ground-water levels
around system 4 (Ada.ms?.‘

| Soil surface

» mg/| N as NO3

white quartz san

4mg/l N as NH,
5mg/l Nas NO3
09 gl DEF S

ponded water

white quartz san

-Groundwater table /o
05mg/l NasNHj
0.6 mg/l N as NO3 :
0.02 mg/| DIPE= ; - : Groundwater movement

Fig. 5.11. Schematic cross section of the seepage bed and underlying soil
layers in system 4, and chemical characteristics of liquid in
successive stages of percolation.




Table 5.9 Bacterial Analvses, System 4, Adams County

Sampled July 22, 1971, Aug. 24, 1971, and Nov. 17, 1971

{bacterial counts per gram of soil or per ml in liquid samples)

Sample ! Enterococci Fecal coliform Total coliform Total bacteria pH
(See Fig. f7/22 | 8/24% 11/27 7/22 | 8/24 ) 11/17 | 7/22 | 8/24 {11/17| 7/22| 8/24 |11/17 |11/17
5.8)
!
Test wells(l) ! .
{
:31 * * * * 3.3 * 6,300| %1,000| 6.6
B2 0,7 * 3.0 § 20,300
B3 7.0 * * * 12,0 | 6.3 | 697,000 | >1,000| 7.3
B4 * 0.3 * L x 2,3 | * | 7,700 4,000 7.4
B> * * o ¥ 1.3 | % 9,300 |¥1,000 || 7.6
c1 * * * : 3,600
c2 * L x 0.3 1,350 || 7.1
f
Trench effluentumlwﬁo 10,300 ; 45,000/ 198,6
; i 6
i i x 10
Soil samples(z) g § (xloﬁ
a, 30cm below X X E % 30 | 333
distribution
field base ! E
b, 60cm below X é %
field X ; X | 29.8
¢, 9cnm below X X E X i 20,3
field ; :
d, 120cm below X X ? X i 2,500
field i




Table 5.9 (continued)

Sample Enterococci Fecal coliform Total coliform Total bacteria pH
!
7/22 | 8/24 ) 11/17|| 7/22 | 8/24 |11/17 i 7/22 | 8/24 |11/17|| 7/22 | 8/24 |11/17 |11/17
4
e, 150cm (x10%)
below field X X X 44,6
f, control X X X 5.0
10m from system
75cm below
field base
g, control b 4 X X 2.3
10m from system
120em below ‘
field base ]

(1) Liquid sample

(2) Actinomycetes and molds found in all scil samples

*

X

H

organisms not detected, £10/gram

organisms not detected,d(l/ml in average of triplicate platings

6




Table 5.10.

Results of chemical analyses of ground water sampled in well points around system k.
(E = effluent in gravel bed).

2l 8 17 24 8 17 2h 8 7 2k 8 17 2l o 17 2k 17
Yocation of Aug Qet  Nov Aug Oct  Hov Aug Oct Nov  Aug Qct Nov Auvg  QOct Nov Aug Nov
wellpoint NH£+-N N03'~N Total-N Dip Total-P L™ pH
BL 0.6 0.3 0.1 0.9 04 0.2 3,2 2.2 1.1 <.02 <.02 <.02 .64 .20 ,08 6 6.6
B2 1.5 0.7 == 8.1 9.5 == 23.3 11.6 == .03 .02 - L2k - 10 -
B3 2.5 .4 o7 17.3 7.7 13.8 Li,1 27,1 1k.9 .02 ,0b  L06 .52 .20 .23 13 7.3
BY 0.6 0.6 0.1 2.4 0.8 0.3 k.8 3.5 1.2 <02 <02 <,02 .32 .20 .5h 12 7.k
B5 1.8 1.5 1.5 0.4 1.5 0.7 k.0 5.4 2.7 <02 <02 <02 .34 .08 .10 10 7.6
c1 -~ 1,5 == == 15,1 == 6.8 25,6 -~ .07 .03 =-- .54k .2k = 13  --
g2 -- 0.7 0.7 =-- 0.k 1.9 - 3.7 2.9 == <02 <.02 - W22 05 - T.1
E 75.1 e ¢ T -- 80,6 -~ -- 10.3 - -~ 12.6 -~ == ==
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sampling of soil-leached liquid,cnly diluted by percolating rairwater, since
the natural ground water occurg below this clay layer. The analyses of
this perched liquid (Table 5.10) indicate that the unsaturated flow of the
effluent through 30 ft. of fine to coarse sands allows ample time and
favorable soil climatic conditions for the nitrification of NH;-N to NO3—N,
as evidenced by the decrease in NHu-N (from 75 mg/L to 1.5 mg/L) and
corresponding increase of NO3-N (from 0.1 mg/L to 15 mg/L) in the leached -
ligunid.

The decrease in Dip concentrations from the seepage bed to the perched
water indicates absgorption of P by the soil.

The gtill lower concentrations of I and P in the deeper water table

may be dve to the low permeability of the clay layer and to the relatively
high flow rates of the ground water as indicated in the hydrogeologic study.

5.2.1.7. System 5

The site is located north and east of Adams-Friendship and slightly
less than % mile north of Friendship Iake on Roche a Cri Creek (Fig. 5.1).
The lake is the discharge point for ground water moving gsouthwestward at

the site under a low gradient of approximately 1.3 x 10~3 feet/foot or
gbout T feet/mile. Water table depth at the site ranges from 17 to 23 feet

below land surface depending on topography. The house and the seepage bed
are located on a low northwest trending ridge which appears to be a large
dune deposit. Medium grained sand with some very fire and coarse grained
sand ranges from about 3 to 10 feet in thickness and overlies a 10 foot,
flat-lying hed of clay. Medium to coarse grained sand underlies the clay

ADAMS. Nekoosa lpamy sand. System 5

—— —— i () e e ]
V' c2 &dge of woods
perforated pipe
%
. N
B4 /excavation
o} * gravel bed
B2
o hlo B4
B3 ©
k ?:1 2_1 level of effluent
30 ft SisT .. .
— ; 23 23 23 27
1] .
house : . 43 . 30 cm ’
well oh o A . . 24
ouse Joralers) 36 33
Top view of system .37
with location of welt points Cross section of trench and readings of tensiometers (mbar)

Fig. 5.12. Top view of system 5 with locations of sampling wells and a
crogss section of the seepage bed with locations of tensiometers

(Adams).




Table 5.11.

loamy sand (System 5, Adams Co.)

Particle size distribution, bulk densities and particles densities of horizong in a Nekoosa

: Bulk Particle

Horizon C 4] MS Cs VFS ¥} MO g8 VCs Texture density density

(gr/em3) (gr/cm3)

Ap  mmmmm mmmee eeeen 1.00 1.67 1.73 6.10 84.07 5.20 coarse sand 1.77 2.68
B2l —-eee 3.00 2,00 1.00 1.95 1.9 10.77 73.32 6.53 coarse sand 1.73 2.68
B22 2.00 1.00 =w-=- 1.00 1.37 2.85 18.05 70.58 3.88 coarse sand 1.62 2.44
B3 = mmemm e —— ———— 0.69 1.32 6.47 86.05 6.16 coarse sand 1.72 2.64

C L.o0 1.00 1,00 =~--- 0.69 2.07 11.28 76.82 5.4k sand .72 2.h7
Tic 27.00 16.00 22,00 16.00 5.73 2.72 3.08 5.98 1.72 silty clay loam  1.29 2.39

Q6
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bed. The land surface at the drain field slopes genitly north and east.

This system was 7 years old. A top view of the system, that consists
of a 60 foot long perforated pipe laid in a 3 foot deep gravel filled trench,
and a crossesection of the seepage bed 1s shown in Fig. 5.12, This systenm
serves 2 adults and b small children. The average daily flow through the
system was estimated to be 250 gallons. Some seepage of effluent had
occurred recently from the far end of the seepage bed where a clay layer is
Tound within one foot of the bottom of the seepage trench., The saturated
conductivity of this layer was only 5 cm/day as measured in large undis-
turbed soil cores. The excavation for studying moisture conditions around
the trench was made at a location, indicated in Fig. 5.12, where L4 feet of
sand were present on top of this clay layer.

The soil profile at the point of excavation was classified as a Nekoosa
loamy sand, silty substratum variant (Alfic Udipsamment). The occurrence
of the clay layer within the solum changed the classification of the soil,
as compared with the other solls in the area, because of its effect on the
hydro logy of the overlying sand. The following horizons were distinguished
in this pedon: Ap:0-30 cm: Dark brown loamy sand, fine subangular blocky.
B21:30-56 cm: Brown loamy sand, fine subangular blocky. B22:56-T6 cm:
Yellowish brown sand, single grain. B3:76-113 cm: Bright brown sand with
common distinet brown mottles, single grain,C:113-133 cm: Yellowish brown
sand with common distinet brown mottles.IIC 133 cm+: Reddish brown silty
elay loam, medium subangular blocky. Particle size distribution and some
other physical characiteristics are in Table 5.11. Hydraulic conductivity
values of the sand surrounding the seepage bed were not determined dut
they were assumed to be comparable to the values for Systems 1 and % in the
area, because of similar particle size distribution. Moisture retention
characteristies were determined for the major horizons of the pedon (Fig. 5.13).
The different physical behavior of the clayey IIC horizon is strikingly
evident when compared with the overlying sandy horizons. The clay ig Fine
porous and only a small amount of liguid (4% of total soil volume) is
extracted from the IIC between saturation and 100 mbar tension. The comparable
figure for the coarse sandy B3 horizon (that surrounds the seepage bed) is
30% (Fig. 5.13). Moisture tensions of 23 mbar were measured in the soil
below the seepage bed (Fig. 5.12). Discussions on the effect of such
moisture tensions ag reported for Systems 1 and 4 apply also to this system.
The well-aerated unsaturated soil forms an excellent environment for the
process of nitrification. N in the effluent occurs maeinly in the form of
NHy~N (Table 5.13), which is nitrified to NO;-N in the soil below the seepage
bed. Fig. 5.15 shows the relative proportiohs of NH,-N and NO3-N in the
soil below the bed, sampled at small increments.

_Bacterial purification was very good, which confirms results obtained
from analyses &t Systems 1 and 4 (Tsble 5.12). However, effluent surfaced
at the lower end of the bed due to the occurrence of a clay layer close %o
the soil surface. This liquid contained 1% ¥FS/ml, 26.7 FC/ml and 3,670 TC/ml.
This 1s unacceptable from a public health standpoint. Construction of a
second seepage bed in sand closer to the house would solve this problem.




Sawmpled July 22, 1971, Aug. 26, 1971 and Nov,

Table 5.12 Bacterial Analyses, System 5, Adams County

17, 1971

(bacterial counts per gram of soil or per ml in liquid samples)

Sample Enterococci Fecal Total Total
coliform coliform bacteria
{See Fig. 5.12) 7/22 | 8/26  11/17| 7/22 8/26 {11/17 || 7/22 8/26 y 11/17 || 7/22 8/26 |11/17
e — —
Test wells (1)
Al * * * 0.3 1.7 0.3 1,400| 1,300
Bl 0.3 * * * 100 * 5,070 1,500
B2 * * * * * - 2.0 1.0 ¥ 3,330 [63,000 130
B3 * * * * 1.3 1.0 600 270
B4 * * * * 3.3 ¥ 400 370
c1 * 0.3 * * * * * 3.0 * 500 | 2,370 200
Ca * * * * * * 38,700| 6,900
House well ( 1) * +* * * * +* * +* +* 300 127 20
Trench liquid (1) 130 a1.4 axi0* 6,400| 22x10% 123, 500 || 113x107 4x100
Surfaced trench (1) 4
liquid 14.Q 26,7 3,620 18x10
Crust material
1 cm below trench X x(3) 40,000 27x10°
2 cm M " X x(3) 27,000 33x10°

0ot




Table 5.12 (continued)
Sample Enterococci Fecal Total Total
. coliform coliform bacteria
(See Fig. 5.12) :
7/22 8/26 | 11/17 || 7/22 8/26 1 11/17 || 7/22 8/26 | 11/17| 7/22 | 8/26 | 11/17
Crust material (3)
3 cm below trench X 226 24x104
4 cn " " X 22x104
7em M " ol * X X 14x104
Adsorption field soil
15 cm below trench X X X s0x104
30 cn " " X X X 5x10%
60 cm M " X X X ax104
90 cm " " X X X 2x10%
Control 1 X X X 20x104
Control 2 X X X 19x10%
1
[ -

(1)
(2)

liquid samples

= organisms not detected, «1/ml in average of triplicate plating

organisms not detected, <10/gr in average of triplicate plating

greatest populations in samples 30 and 60 cm below the trench.

(3)

species may have masked the FC reaction on EMB,

Actinomycetes and molds present. These organisms were present in all soil samples, with the

Possibly some fecal coliform were present, however, a large number of Pseudomonas and other

TOT




ADAMS; Nekoosa loamy sand System 5

MOISTURE RETENTION

nc

SOiL MOISTURE TENSION (MBAR)

Fig. 5.13. Moisture retention characteristics for the
horigons of & Nekeosa loamy sand (system 5,
Adams).

Fig. 5.14. FPotentiometric mep of ground-water
levels around system 5 (Adams).

10z
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The potentiometric map of the water table, Fig. 5.1k,was constructed
from water-level megsurerents made on November 11, 1971. Water 1s moving
under a low gradient perpendicular to the contour lines toward the south-
west. OSuperimposed on this gently sloping water table is a low mound
caused by recharge of effluent from the drain field as indicated by wells
B3, B2, and Cl., The clay layer, through which the effluvent must move to
reach the water table, does not appesr to seriously retard the downward
moving effluent and water is not perched on top of this layer. Note that
the housge well is directly down gradient from the drain field at a distance
of about TO feet.

Excessive leaching of N from the seepage bed into the ground water
table is well documented by the high concentration of total -N (60 to T0%
of which is NO3~N) in all wells surrounding the seepage bed. These well
points were located four feet below the ground-water level.

Nitrification processes in the unsaturated soil below the seepage bed
are indicated by bobth the soil and water data. Analyses of soils taken at
known incremeunts below the seepage bed demongtrate the transformation of
NHy~N to NO3-N (Fig. 5.15). Effluent analyses showed 57 mg/l NiL-N and
0.1 mg/L NO3~N in the seepage bed, whereas ground water immediately below
averaged % mg/L NE-N and 30 mg/L NO3~N (well points B2 and B3) (Teble 5.13).

The relgtively low levels of P in the ground water appear due to P
adgorption in the goll below the seepage bed. The data indicate significant
elimination of P from the effluent as it is leached through the clay layer

(Fig. 5.15).

The house well, 70 feet directly down gradient, produces water
apparently influenced by the septic tank system, as indicated by the relatively
high W levels.

TOTAL N & P IN SOIL SAMPLES NO4-N and NH;-N IN SOIL SAMPLES
{ug/gr) {xg/gr dry soil)

0 60 120 180 240 300 390 0 20 40 60 80
6: /'A /O ] (o] .
10 /A/—""'E> < 10 )”__—_—_—
= 40 ]
z S 7 382, f{
3 o 304 & Sand 3 a 301; Q Sand
- o—o TotalN ¥ =@ \ \ 0= NO;-N
B = — — e ™ —a Teed P e e — — =N
E g 0 a & a Total P 'JE $ 50 @ y——s NH;-N
o < 1 o <
oo Clay layer oo Clay layer
o 70 QW
7 ) »
9 & o) 901

Fig. 5.15. Concentrations of nitrogen and phosphorus compounds in unsatureted
soil below a crusted seepage bed (system 5, Adams).




Table 5.13.

Results of chemical analyses of ground water sampled in well points
around system 5 (E = effluent in gravel bed, * = < 0,02 ppm).

24 8 17 2h 8 17 2l 8 17 2L O 17 24 8 17 ol
Ioestion of Aug Oct Nov  Aug Oet Nov  Aug et Nov Aug GOct Nov Aug  Oct  Nov  Aug
wellpoint M, *- N0, - N Total-N Dip Total~P c1-
Hw - 0.3 0.1 -- 2.3 2.2 -- 3.7 3.6 == * * 07 .06 ~-

Al 0.5 2,2 0.6 0,7 0.8 3.5 2.2 hk.o 48 = * * L1 .08 L06 13

Bl L4 1.0 0.7 0.5 5.7 6.9 10.5 7.6 10.7 * * 100 .10 .07 8

B2 13.0 3.8 2.2 11.8 36.4 31.0 79.6 53.3 W67 % * .20 Lk o7 L6

B3 5.8 0.5 0,1 17,1 38,1 39.3 39.7 S5l.b s55.b % ,oh ,0b. .90 .10 .28 22

B 5.0 2.7 1.8 0.6 10.2 12.0 11.6 17.3 19.0 * * * 16 .08 .12 21

cl 13.7 5.1 1.6 9.6 37.1 33.0 65.8 s5h4.2 k3.1« * ¥ .12 .08 ,06 39

c2 0.3 0.6 0.1 0.5 0,7 0k 2,9 2.8 1.k * #* * 20 08 .03 &

i3 -- 51,1 57.2 =-- 0,1 0.1 =- 564 67.% -- 8.7 240 -~ 10.9 286 -

#OT
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5.2,1.8. Summary and discussion of chemical analyses in the context of
general system performance

Results of monitoring chemical transformations in percolating effluents
from Tive subsurface soil disposal systems in sandy soils, as reported in
the previous chapters, can be suwmmarized as follows:

1. High § (80 mg/I) and P (10 mg/L) contents were found in the septic
tank effluent ponded in the seepage beds. About 85% of total N was in the
form of NHy-N and about 70% of total P was in the form of dissolved inorganic P.

2, Unsaturated goil was found below crusied seepage beds, where such
beds were at least three feet gbove the water table., Tensions in the soil
adjacent to the beds varied only slightly between 20 and 25 millibars in
the systems studied, which corregponded with an average air volume in the
soils of 25%. The resulting oxidative conditionsinduced nitrification of
N, ~F to NOa-N, ag documented by analyses of soll sampled below one of the
seepage beds (see also Chapter 5.2.7 where similar analyses are reported).

3. Without oxidative conditions, nitrates were not formed in the soil
around the seepage bed (see System 2). Relatively high NH, contents were
obgerved in some well points around System 1, where the crusted bottom of
the seepage bed was only three feet above the ground-water level.

L, Witrates formed by nitrification moved dowmward with the percolating
1liguid into the ground water. Relatively undiluted liquid, that was ponded
on top of a clay layer after 30 feet of percolation through sand below the
seepage bed in System 4, had 15 mg/L NOs. Ground water below System 5 had
nitrate contents averaging 30 mg/L after 12 ft. of percolation.

5. Absorption of P by the soil was most effective in clayey lgyers in
the flow system (see System 5). However, low values were also found in the
ground water where only sand was present in the flow system. This study
only reports the analytical resulis of P-analyses, which will be used later
to define more specific studles that are needed t0 understand P absorption
and transformations during soil percolation.

6. The gerneral directions of ground-water flow were in agreement with
trends observed in the concentrations of chemicals at the different well
point sites around the systems.

Many more well points would be needed per site to obtain an accurate
picture of the lateral movement of chemicals. In addition, many well points
at different depths would be needed to obtain a piecture of the depth of
vertical mixing of nutrients in the surface layers of the ground water.
Even then, however, a quantitative anslysis of the flow system would be
very difficult to mske because of the heterogeneity of the layered porous
medium through which the flow occurs.

The essential question to be answered at this point is how the perform-
ance of these systemg is to be judged. In general, a subsurface soil dis-
posal system is suppoged to function well when the effluent that is dis-
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charged into the bed is: 1) absorbed by the goil, and 2) purified by the
soil by the time it reaches the ground water. Purification is mainly defined
at this time in terms of removal of fecal indicators, but other factors

such as chemical quality should be considered as well. Considering these
points the following Jjudgments can be made:

1. Four of the five systems absorbed the gpplied liquid well. System 5
is excepted because the far end of the seepage bed was located on top of a
clay layer of low permeability causing surface discharge. Three systems
had a crusted seepage bed (Systems 1 and 4 and the part of the bed close to
the house in System 5). One system was rev and uncrusted (System 3) and one
(System 2) was flushed by the ground water.

2. Three of the five systems were very effective in removing fecal
irdicators from the percolating liquid. System 2 was not effective at all
due to the location in the ground water. System 5 had surface seepage due
to the clay layer. However, the part of the bed close to the house was
very effective in this system.

3. Four of the five systemg, though relatively effective in removing
P, were not very effective in removing N. Systems Y and 5 had relatively
high contents of nitrates in ponded water and in ground water below the
systems. System 3 was too new to show high nitrates, but the same problem
will most probably occur here later after continued use. System 2 had
relatively high comtents of only NH, in the groundwater adjacent to the
system due to the absence of nitrification. The ground water below System 1
had relatively high total N contents with both NHy-N and NO3-N, due to only
partial nitrification.

System failure has traditionally been defined in terms of insufficient
abgorption of effluent, resulting in highly visible and objectionsble surface dis-
charge. However, criteria for purification, as discussed earlier, have to be con-
sidered as well, This means that the performanee of the five systems in Adams
County will mainly have to be judged not on the basis of removal of fecal indicators,
which was excellent,nor on the basis of their ability to absorb effluent, which was
- .aleo very good, bub on the basis of their capacity to remove excess nutrlents
from the effluent. This leads to a general question regarding the definition of
"ascceptable levels" of nutrients in ground water, considering flow velocities
and depths of mixing in the ground-water body. This 1s a complex problem that can-
not be answered in the context of this report. However, the data presenied here
and to. be presented in some of the follewing chapters show that an average septic
tank disposal system for a family of four, producing an egtimated 300 gallons
of effluent per day, will introduce an estimated 0.20 lbs. of N and 0,025 lbs.
of P per day into the soil. This is 73 1lbs. of N and 9 lbs. of P on a
yearly basis. Whatever the judgment has to be regarding the level of pollu~-
tion, there is no doubt that septic tank absorption beds in sandy soils
introduce nitrates into the ground water if the depth of unsaturated soil
below crusted seepage beds is more than three feet. Plans are therefore
being considered at this time to construct an experimental system that will
reduce the nitrate content of the percolating liquid by inducing processes
of denitrification somewhere in the flow system, possibly by means of a flow
barrier. Work of Bouwer (1970) and Erickson et al. (1971) has demonstrated
that as much as 80% of the nitrogen or more can be removed from the effluent
if processes of denitrification occur. In addition, more specific work has
to be done to study removal of P during soil percolation of septic tank
efflvent.
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5.2.1.9. System 6 {(U.W. Hancock Experimental Station)

The discussion of this system is inecluded in this chapter because the
soil at this location is comparsble to thoge studied in Adams County as
reported in the previous chapiters. Physical charscteristics of the C
horizon surrounding the seepage bed correspond with those of System 1 in
Chapter 5.2.1.3. This large subsurface seepage bed, built in 1969, was
studied in July 1970 by physical and bacteriological methods only., A
top view of the absorption field and a cross sectlion of one of the seepage
beds is shown in Fig. 5.16. A large pit (Pit A) was dug next to the seepage
bed, the bottom of which was at 6 feet below the soil surface (Fig. 5.16)
to permit flow of liguid from the septic tank into the bed by gravity.

This great depth offered many technical problems, because the sand walls
of the pit caved in several times, even when braced. The soil below and

at the sides of the seepage bed had a relatively dry sppearance ag observed
in Pit A. After excavation it was found that the gravel in the bed was
sti11 clean and that effluent had not yet moved far into the trench. We
may coneclude that more than half of the length of this bed, and presumably
of the other bed, which was not investigated, had not received sny effluent
during the first year of operation of the system. Two additional pits

(B and ¢ in Fig. 5.16) were dug closer tc the septic tank., The bed
contained effluent at both locations. Tensions measured around the bed ai
Pit B were 8 mbar and 25 mbar at 5 cm and 35 cm below the bed respectively.

HANCOCK; Plainfield loamy sand

house

ST

cobf] 1F

B * perforated pipe

A

* 1 gravel bed —
4% N
EE c
e level of
e effluent
1 a-10
BEEE b« o5
~om 30 e
Top view of system Cross section of trench and tensiometer readings (mbar)

Fig. 5.16. Top view and cross section of the seepage bed with locations and
readings of tensiometers (Hancock).




Table 5.14

(bacterial counts per gram of soil or per ml in liquid samples)
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RBacterial Analyses, System 6, Hancock, Aug. B, 1970

Sanmple Fecal Total Total
{See Fig. 5.16) Enterococci coliform coliform bacteria
Excavation B
5 cm below trench *x % *% % >104 236 x 109
b, 30 cm below trench xR * %% 17 x 102 24 x 10°
Excavation (¢
directlw above(2)
plastic trench *EX K *HK 35 104
cover
10 cm above(z)
plastic trench L *x% * KK 2 106
cover
at side wall(z) *Ex * %% *E® 6 103
of trench
¢y 10 cm from >k *%% *% 12 x 10°
side wall‘z)
directly below 180 ~ 100 13 x 104 | 184 x 10°
trench
a, 10 cm below 30 Xk 4 x 104 55 109
trench
Control(z)
1 ml from system *K K *¥H *xHE 8 104
140 cm depth
Trench effluent(l) 1,240 1,000- | 11x 10% 92 x 10°
10,000 :
Septic tank
samples(1
(9/18 /70)
30 cm 420 18 x 103 | 57 x 103 | 75 x 10°
60 cm 390 13 x 103 | 48 x 103 | 90 x 10°
90 cm 100 15 x 10% | 46 x 103| 24 x 10°

**¥%¥ = organisms not detected, <£100/gram

(l)liquid samples

(z)many actinomycetes and molds present




109

This indicates weak crust formation at the bobtom of the seepsge bed under
the advancing front of effluvent. A tension of 8 mbar corresponds to a flow
velocity (gradient 1 cm/cm) of around 200 cm/day. This very high infiltra-
tion rate explains why effluent did not reach beyond point B in the bed.
Continued ponding will lead to increased crust development and resistance,
whereupon the liquid front will move farther along the bed. Measurements
of tensions could not be made in Pit C to demonstrate the increased
tensions after prolonged ponding at that point, bub neasurements in older
subsurface beds in similar sands showed suberust tensiong of 23 mbars,
indicating increased crust resistance (see previous chapters). Samples

for microbial analyses were teken in Pits C and B of soil below the seepage
bed and liquid in the septic tank was sampled at three depths. ZResults are
in Table 5.1k,

Fecal indicator organisms were not found in the soil adjacent to the
bed in Pit B. Directly below the seepage bed, FC and FS were detected
in Pit C. Fecal streptococei ("Enterococci' in Table 5.1L) were also
found here 10 cm below the trench.

Evidence of g greater percolation rate at B over that at C due to
lower crusting was implisd by the dens%ty of total bgcteria. t C, total
bacterial counts dropped From 184 x 109/g to 55 x 10°/g in 10 from the
base of the trench. Total bacterial counts at B were 236 x 10° g at 5 cn
and 2k x 100 g at 30 below the trench. Control samples of the natural
soil contained 8 x 10%/g total bacteria.

The vertical movement of FC and FS was deeper at point C than at point 3B,
vwhich was near the wetting front in the bed. This can possibly be explained
by the grester density of fecal organisms in the soil area adjacent to the
bed at point C, that had been crusted for a longer time than at point B.

Fecal coliform and FS were not found above the sbsorption trench.
The soil in this region was very wolist due to sbagnation of percolating
water on top of the seepage bed.

5.2.2. Stevens Point study area

‘Thig study area had an unusuval mumber of "dry wells" or "seepage pits"
for soil dispossl of septlc tank effluent. One such system was excavated
and studied in detail in May, 1971. Homeowners of six other systems were
asked about their experience with their operation., Samples of effluvent
and well water were teken for analysis (Chapter 5.2.2.2.). The study is
important because seepage pits (dry wells) are still found in many areas
of the state, although seepage beds have been Installed ever more frequently
in recent years.
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5.2.,2.1. Bystem 1

A cross-section of a representative seepage pit (Fiz. 5.17) shows
that It consists of a chamber walled up with concrete blocks that are
spaced to permit liguid %o be in contact with the surrounding soil. The
bottom of the pit is the excavated soil surface. Crushed rock (diameter 1-2
inches) £ills the outer space vetween the concrete blocks and vertical sides
of the excavation., The inside diameter of the geepage pit is 10 feet and
the bottom is 11 feet below the soill gurface. Semples of the effluent were
taken and depth measurements were made through the air vent at the top after
removal of the cap.

STEVENS POINT; Plainfield loamy sand

Cross section of circular seepage pit {dry well}

f air vent
soil surface
_ L—-——————"
septic tank

L |

' 3m(10ft) !
f e d
* % %

Fig. 5.17. oss-section of a seepage pit with loeations of sempling points
?gtevens Point ).

Seepage pits require relatively small surface areas for installation
since their vertical walls form the major infiltrative surfaces. Seepage
beds, in contrast, need much larger areas since their infiltrative surfaces
are defined in terms of absorptive bottom areas. Congtruction of seepage
plits has some econcmic advantages in forested areas, in that fewer trees
have to be removed from the site and economy of space is a distincet advantage
on small lots. Special provisions in the State Code H 62.20 regarding seepage
pits (Board of Health, 1969) limit their construction to soils with percola-
tion rates faster than 30 min/inch., Percolation tests are to be made in each
vertical stratum penetrated below the inlet pipe. BSoil strata in which the
percolation rates are slower than 30 min/inch are not included in computing
the absorption area. The average of the results is used to determine the
required minimum zbsorption area, according to tables provided by the Code.




Table 5.15. Textural analysis and some other physlcal characterigtics of a Plainfield loamy sand
(stevens Point).

Bulk Particle Porosit
Horiwmon C P Ms (€S VIS 33 MS €8 VCS Texture density density (@) S

(gr/em3)  (g/cem3)

Ap 9.0 2.0 w~=w L,0 1.65 15.54 57.86 9.49 0.56 loamy 1.79 2.5 26.7
sand

B2 TeO mmwm  wee b0 2,20 1k.75 63.06 8.49 1,12 loamy 1.69 2.53 33.2
gand

B3 4,0 wem wme 2,0 1.5L 1k,11 69,72 T.55 1,11 sand 1.66 2.67 37.8

C 2.0 —== == 2,0 0.95 5.3k 87.3% 2,56 0.1l sand 1.67 2.48 32.7

TIT
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The soil at the study gite was classified as a Plainfield loamy sand
with the following horizons: Ap:0-16 cm; Very dark brown loamy sand, fine
subangular blocky; B2:16-32 cm; Dark yellowish brown sand, single grain;
B3:32-563 em; Dark yellowish brown sand, single grain; C:63 em+; Yellowish
brown sand, single grain, The textural composition of the horizonsg is
reported in Table 5.15. Hydraulic conductivity values, measured in situ
with the double tube and crust tests, and moisture retention characteristics
of the horizons are presented in Fig. 5.18.

Effluent was found to be ponded in all seepage pits examined in the ares,
However, this did no% result in system failure. All homeowners indicagted
that their experience with their disposal systems was favorable. We may
therefore assume That effluent was always absorbed by the soil in sufficient
gquantities to avold overflow at the soil surface or backing up into basements.
The statement does not, of course, relate to the guestlon of ground-water
pollution. Depth of liguid in the sesepage pits varied from two to three
feet, leaving several feet of unwetted sidewall area in the pit above the
liquid level. The saturated hydraulic conductivity of the C horizon {(that
surrounds the greater part of the interior of the drywell) and its percola-
tion rate (2 min/inch) are high. ZILiguid could not be present in the seepage
pit if these high valuves would apply to the flow system. If they did, the
term "dry well" would be literally true. For example: with Kgyp at 400
cm/day, a layer of liquid of 60 cm would seep away in about four hours.
Pregence of liquid in the seepage pit, therefore, demonstrates that seepage
is at a much lower rate. This is a result of crusting (see Chapter 2).

A dgily loading rate of 300 gallong represepts a layer of ligquid in the
seepage pit (which has & bottom avea of 6 u=) 13 cm thick. An equivalent
seepage rate, considered as a steady rate of 13 cm/day, corresponds with a
goil moisture tension of 28 mbar in this soil (see Fig. 5.18).

An equilibrium between liguid entering and flowing from the pit would exist
if the effluent flowed through the bottom area at this rate (13 cm/day)

but the real physical flow system is more complicated because 1iguid will
glso move horigzontally into the sidewalls.

Moisture fensions could not be measured with tensiometers in the soil
around the liguid-filled part of the seepage pit due to the technical diffi-
culties of attempting a very deep excavation adjacent to the pit. But
samples were taken of the soil around the lower part of the pit (see Fig. 5.17)
and molsture contents were determined in the laboratory. Soil sampled 20 cm
below the bottom of the pit had a moisture content of 15% by volume. This
would correspond to & soil moisture tension of approximately 25 mbar. Samples
taken at the sides of the pit averaged 11% by volume, corresponding with a
tension of around 35 mbar {see moisture retention curve in Fig. 5.18). It
should be noted that such indirect measurements of goil moisture tensions
tend to be inaccurate because of the experimental errors involved. The soil
samples may lcose some moisture during sampling, transportation and weighing.
The moisture content determination (% by weight) is converted into percent
by volume by using the bulk density of the horizon. This value is determined
in a separate experiment and has a variability of its own. This moisture
content is then translated into moisture tension, disregarding hysteresis
phenomena and using a moigture retention curve obtained by desorption of a
separate soil sample in another experiment. However, the occurrence of

P
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MOISTURE
RETENTION

8 0 20 40 60 80 100
SOIL MOISTURE TENSION
10- (MBAR)

STEVENS POINT;
Plainfield loamy sand

HYDRAULIC CONDUCTIVITY (CM/ DAY)

015 A

o 20 40 60 80 100
SOIL MOISTURE TENSION(MBAR)

FR—

Fig. 5.18. Hydraulic conductivity and moigture
retention data for horizons in &
Plainfield loamy sand (Stevens Point).

crusting and resulting unsaturated condition of soil around the effluent-
filled seepage pit is well documented and corresponds completely with phenomena
observed in and sround subsurface seepage beds. Bacterial analyses (Table
5,16) show that fecal indicators were removed from the infiltrating effivent
by the soil within 30 cm of the side and bottom surfaces of the seepage pit.
(see also Chapter 7.3.%).

Although seepage pits have the advantage of requiring a relatively
small area in a lot, they have the disadvantage of placement closer to the
water table. For example, the ground water was at 16 feet below the goil
surface at the study site, and the bottom of the seepage pit stood at 11 feet.
This left only 5 feet of sand to serve ag a filter. With a geepagze bed at
a depth of k& feet on the contrary, 12 feet of sand would be available. The
ground-water level may fluchtuasbte considerably in these solls in different




Table 5.16

Location of Site Corresponds to System H in Table 5.17

(bacterial counts per gram of soil)
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Bacterial Analyses, System 1, Stevens Point, May 7, 1971

v

Sample Fecal Total Total
{See Fig. 5.17) Enterococcl coliform coliform bacteria
a X 200 4,550 20x10°
b X X 5,500 4x10°
c 10 40 350 210x10°

d X X 1,800 >1,000

e X X X < 100

£ X X X 1,000
Control 1 X X X 4x10°
Control 2 X X X < 10>

X = organisms not

detected, € 10/gram in average

of triplicate platings




Table 5.17 Bacterial and Chemical Analyses, House Well-Dxy Well Survey

Stevens Point, May 7, 1971

(bacterial counts per ml, N and P levels as mg/l)

Fecal

Total

Total

System Enterococci colifornm coliform bacteria NHZ-N (N0§+N0§)-N Total-N DIP Total-P
A, well * * * < 100
dry well 28.5 < 100 4,000 103-10°
B, well * * * 130 0.15 1.25 1.82 |c0.02 0.03
dry well 5,370 900 32,500 | 10%4-10° 82,12 0.49 99.61 | 39.50 89,60
C, well * o * < 100 0.13 0.25 0.74 |<0.02 0.04
dry well 47.5 <100 <1,000 <107 84,95 0.46 93,45 | 10.65 23,00
D, well * * * 600 0.15 - 1.08 2,00 [ 0,02 0.06
dry well 412 <100 14,000 31.5%10% | 61.29 0.37 76.63 9.60 22,20
E, well * * * 672 1.12 0.65 3.86 |<0,02 0,08
dry well 240 200 18,000 1x10°  |100.66 0,69 124,00 |20.25 45,40
F, well * * * - 100 0.15 2.31 4,05 10,02 0.64
dry well 650 10,000 40,000 14.5%105 | 33.26 0.49 51,50 7.35 16.60
G, well * * * 13 0.26 1,42 2,28 [<0.02 0.05
dry well 10,000 <100 2,000 4x10° | 53.28 0.37 65.05 |{21.85 47 .60
(L)H, well * * * =100 0.18 0,31 1,11 |<0.02 0.13
dry well 3 1,006 31, 500 6x10% | 34,80 4.11 |17.10 36,80

(1} This is &ystem 1 Table 5.16

* = organisms not detected, < 1/ml in average

0,68

of triplicate platings.

G111

o 5,
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segsons. Under these condltions seepage plis are much more vulnerable to
flooding than are seepage beds. Flooding of any seepage bed or pit is verfy
unfavorable becausé it stops oxidative and filtrative processes characteristie
of unsaturated soil (see Chapber 5.2.1.k).

Conclusion: Seepage pits (also called dry wells), as studied here, can be
effective in absorbing septic tank effluent. Such systems are, however,
only sultable in coarse textured soilg with permanently deep watertables.
These restrictions severely limit their use potential. There is the
possibility of chemical pollution of ground water in thig as in other types
of soil absorption systems in sands (Chapter 5.2.1).

5.2.2.2. Regults of a survey of dry-well gystems

Ponded effluvents in eight soil disposal systems of the dry-well type,
as discussed in Chapter 5.2.2.1, were sampled in the Stevens Point study
area, to obbtain figures on variability of sepbic-tank effluent composition,
In addition, samples were taken of the house wells to document ground water
pollution, if any. The depth of the ground water at these siteg wag around
15 feet below the soil surface, whereas water from the house well was pumped
from depths over 50 feet. The well samples, therefore,” do not give a picture
of ground-water quality in the upper part of the agquifer. Data of this type
was obtained and discussed in the Adams County study {Chapter 5.2.1).
Results of bacterial and chemical analyses are summarized in Table 5.17.
The data indicste a great variation in the number of indlcator organisms
found in the different dry wells. Bubt enterococci and fecal coliforms
ocecurred in large numbers in all effluents. None of the well samples had
any Tecal indicators, which shows that soil percclation, followed here by
movement in the ground water, has been effective in removing these organisms.
Chemical analyses of effluents also varied considerably (NH~N from 33 to
101 mg/I; Total N from UL to 124 mg/L). Contents of nitrate were very low
(0.k to 0.7 mg/L) due to the anserobic environment in the septic tank and
in the ponded effluvent in the dry well. However, the well aerated soil
below the dry well, which absorbs and conducts the effluent, induces
- nitrification which explains why nitrate concentrations even at a depth of
approximately 35 feet below the level of the ground water, are in some cases

higher than those in the effluent. Also contents of Organic N (which is
Total~N minus NH, -N and N03—N) are relatively high. This trend was observed
at other sites as well. TOtal P figures varied from 17 mg/l to 90 mg/1,
while dissolved inorganic P (Dip) varied from 7 to 39 mg/l, which represents
about 40% of total P. P contents in the well waters were all very low.
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5.2.3. Lakeghore gtudy area

Movement of nutrients from subsurface soil digposal flelds into nearby
lakes and streams is one of the subjects of study in the Inland Iske Renewal
and Demonstration Project, of the Unilversity of Wisconsin and the Wis. Dept.
of Natural Resources. In this project several soil disposal systems were
- located in different areas of the state and the current study includes
- periodic chemical monitoring of well points placed around these systenms.

Three of these systems were used by our researchr group to study crust
development in seepsge beds and bacterial purification during soil percola-
tion., Samples were taken from the well points at these three sites for
chemical analysis. However, the results of thesge tests will not be reported
here at this time. The following three chapters will deal only with physical,
and bacteriological aspects of soil disposal of septic tank effluent in

these three soils. The authors express their appreciation to Ir., Steve H., Born
and Mr. James A. Peterson for their cooperation in establisghing this oppor-
tunity to study these systems.

5.2.3.1, System 1. Dardis lLake (Price County)

This soil disposal system was studied in July 1971 to establish physical
flow conditions around the seepage bed. The system was one yesr old, and
ground water at thé site was at 24 feet depth. A second sampling trip was
made in September 1971 to obbtain samples for bactericlogical analyses.

A topview of the system and a cross section of the seepage bed are in Fig. 5.19.

1
DARDIS LAKE: Vilas loamy sand

f
Cross-section of trench and tensiometer readings

Top view of system and well points
10

T

18m. (50 ft.)

8

Fig. 5.19. Top view and cross section of the seepage bed with locations of
well points and tensiometers (Dardis Lske).




Table 5.18

Textural analysis and some other physical characteristics of a Vilas loamy sand pedon

near Dardis lake.

C ¥ M5 8 VES  FS MS cs VCS Texture Bulk K(sat) FRercolation
: density (em/day) rate
Al 10,00 3,00 5,00 11,00 7.6k 3.80 kM7 L2.55 11.78 coarse 1.17
sandy
loam
A3 7,00 5.00 5.00 8,00 9.28 7,18 12,62 39,29 8.47 coarse 1.47 130
sandy
loam
B2l  3.00 1.00 2,00 8.00 7.03 k.3h 9,65 55,1k 10.07 coarse 1.50 770
sandy
loam
B2?2 3.00 1,00 1.00 9,00 13.87 T.9% 9.21 34.69 20.42 coarse 1.59
loamy
sand
B3l 1.00 1.00 wmw-- 1.00 3.%6 L.z s5.94% 52,92 30.7T1L coarse 1.60 2k
sand
B32 2.00 1.00 5.00 18.00 30.30 18.73 12.26 8.92 L.,79 loamy 1.65
fine
sand
¢ eme— wmmm wmmes 1,00 0,78 1,21 6,35 T0.65 20,21 coarse 1.k9 600 10 Sec/inch
gand

g1t
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The soil at the site of the disposal field was classified as a Vilas loamy
sand (Mollic Haplorthod), and the following horizons were distinguished:
A1:0-8 em: Very dark grayish brown loamy sand, fine subangular blocky.
A3:8-20 cm: Dark yellowish brown loamy fine sand, fine subangular blocky.
Bir:20-72 cm: 3Brown loamy sand, medium subangular blocky. B31:72-80 cm:
Yellowish red comrse sand, B32:80-90 cm: Yellowish brown very fine sand.
C:80 cmt+: Dark yellowish brown coarse sand,single grain. The C=horizon
wag stratified. Textural analyses of the mgjor horizons and some other
physical characteristics are in Table 5.18., Moisture retention dats and a

caleulated hydraulic conductivity curve for the C horizon of this pedon are
in Flg. 5.20.

The measurements in July were made in an excavabion at point a) adjacent
0 the trench (see Fig. 5.19). The bed was partly filled with effluent
and tensions in the surrounding soil, induced by crusting, were 25 mbar below
the bed and somewhat higher between 28 and 37 mbar at the sides of the bed.
This creates a soil enviromment containing 10% liquid by volume and 30% gases

MOISTURE RETENSICN
DARDIS LAKE

1000 50

=, K40
\;
\ 30 Al
i 1 A3
\ 204
100 - ] 522
3 101 B21
\of N
L] c

0 " 20 40 60 ' 80 "100
SOIL MOISTURE TENSION (MBAR)

DARDIS LAKE
Vilas loamy sand {calc.)
C horizon

HYDRAULIC CONDUCTIVITY (CM/ DAY)

KELLY LAKE Tustin fine sandy loam (caic.)
. 11B2 horizon

o | 20 40 60 80 100
SOIL MOISTURE TENSION (MBAR)

0.1

Fig. 5.20. Hydraulic conductivity and moisture
retention data of horizons in a

Vilas loamy sand (Dardis Iske).
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Table 5.19 Bacterial Analyses, Dardis Lake, Sept. 8, 1971

{bacterial counts per gram of soil or per ml in liquid samples)

Sample Fecal Total Total pH
(See Fig. 5.19) FEnterococci |coliform | coliform | bacteria
Test wells(1)
1 * * 0.9 4,800 -
2 * 0.3 12,8 7,200 6ad
3 * * 4,0 21,100 | 6.6
4 * * 1.7 22,800 | 6,3
5 * - - 8,200 605
6 * 1.1 3.8 793 6.4
7 * * .7 12,500 6.3
3 * * 1,3 810 | 6.5
9 o 3,5 345 3,100 | 6.6
10 o * * 500 | 6.5
House well * * * 2,470 8.1
Soil samples
{Fig. 5.19
Location B)
a, crust material 13 1,700 | 12,000 |104 x 10%] 7.1
b, immediately X - 760 | 46 % 10| 6.9
below crust
¢y 50 cm below crust X X X 75 x 103} 6.3
d, 80 cm " " X X X 85 x 104| 7.1
e, 110 cm ™ " X X 40 |249 x 104} 7.1
f, 140 em " " X X 13 92 x 104| 6.8
gy 170 cm ™ " X X 40 |131 x 104 6.9
control L X X X 72 x 10%| 6.9
* = organisms not detected or «1/ml in average of triplicate platings

X = organisms not detected or £10/gram in average of triplicate platings

(1) 1iquid samples
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(see moisture retention curve in Fig. 5.20)., The uncrusted soil had a very
high Kggt value (600 cm/day), and a high percolation rate (10 sec/inch).

At a tension of 25 mbar flow rates will be reduced by a factor LO to 10
em/day, (in a one-dimensional flow system with a hydraulic gradient of

1 cm/em). With a total absorptive area of 20 m®, a flow rate of 10 cm/day
would roughly represent a volume of 500 gallons per day. Observations made
in July revealed that the bed was not filled with effluent at point b along-
side the trench. However, when monitored in Septerber, liguid was ponded
in the trench et this point end bacteriological samples of the soil below the
bed were taken at this location. Results of these analyses (Table 5.19)
indicated that high FS, FC and TC were present in samples from the crust.
Soil samples taken at depths exceeding 5C cm below the bed 4id not contain
FC or FS. Three of the ten test well samples contained low numbers of FC.
This observation is not in agreement with figures discussed earlier that
showed removal of fecal indicators within 50 cm of percolation after passage
through the crust. Experience in other sandy soilg has also shown that
crusted beds effectively remove fecal indicators (Chapter 5.2.1.).

However, movement of these organisms can be much fagter under hydraulic
conditions approaching saturation. Observations indicate that the crusted
bottom area of the bed had increased in ares between July and September.
Effluent moving into the trench will either seep away slowly through crusted
soil or will flow over the crusted area to as yet uncrusted soil, which
offers an initially high infiltration rste. This mechanism may explain
penetration of fecal indicators to considerable depths in sandy soils below
new seepage beds in which a crust is developing.

Conclusions: Crusting of the infiltrative surface in a subsurface secpage
bed in the C horizon of a Vilas loamy sand strongly reduced the infiltration
rate into the soil. Removal of fecal indieators cccurred within 50 ecm of
the soil below the crusted bed. Data indicate, however, that movement to
greater depths may have occurred near the advancing wetting front in this
relatively new systen.

5.2.3.2. System 2 Pickerel lake (Portage County)

This system was studied in July and September 1971 to establish physical
flow conditions around the seepage bed. The system was five years old and
ground water was at 60 feet depth below the surface. A top view of the
system is presented in Fig. 5.21. The soill around the bed was classified
as a Flainfield loamy sand. The reader is referred to Chapter 5.2.1.3 for
textural and soil-physical data. Ioading of this gystem was irregular.
Effluent was not found in the seepage bed when excavated in July and
September. However, the soil below the gravel bed at lceations a) and b)
(Fig. 5.21) was very moist and a thin layer of wet, dark organic materials,
usually associated with crusts at the bed-soil interface, was found at the
bottom of the seepage bed.

If loading of a system is tempofarily interrupted, ponded effluent in a
crusted bed will continve to slowly infiltrate until the supply of effluent
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Table 5.20 Bacterial Analyses, Pickerel Lake, Sept. 8, 1971

(bacterial counts per gram of soil or per ml in liquid samples)

Sample Fecal Total Total
{See Fig. 5.21) Enterococci | coliform |[coliform | bacteria | pH

Test wells( 1)

1 * * * 273 7.1
2 * * * 6,750 | 7.1
3 3.0 * * 22,600 | 6.8
4 * * ® 68 6.8
. 4
Soil samples {x 107)
a, wet sand X 430 3,800 1,370 |[6.4
immediately

below trerch

b, 30 cm X X X 73 6.5
below trench

c, 60 cm X 130 430 57 6.5
helow trench

d, 90 cm X X X 51 6.8
helow trench

Control X X 87 11 6.0

organisms not detected, £1/ml in average of triplicate platings

%
i

organisms not detected,«l0/gram in average of triplicate platings

{1)

liquigd samples




123

PICKEREL LAKE ; Piainfield loamy sand

Top view of system and Jocation of weli points

house weil
4 house

ST

T

1

15m. (50 ft.)

Fig. 5.21., Top view of the seepage bed with loca-
tions of wellpoints (Pickerel ).

is exhausted. Then, oxidation of the crust material may occcur upon exposure
to the air in the seepage bed. This point appeared to have been reached

in this system. Bacterisl analyses of soil sampled below the bed and of
liguid from the four well points, including the house well, are in Table 5.20.
Soil sampled at the base of the trench was very moist and contained high FC,
TC and total bacterial counts. These organisms wmay have coriginated from

the septie tank and their growth may have been stimulated by the increasged
moisture and nutrient content in the soil adjacent to the bed. Water sampled
from well number 3, which had a lateral distance of only 3 m from the seepage
bed, had high total bacterial counts and some enterococeci, but FC and TC
were not found. Total bacterial counts decreased with distance from the

system.

Conclusion: This seepage bed in sand did not contain effiuvent at the time
of the investigation, but showed trends of bacteriological purification
that corresponded with crusted ponded systems.




Photo 5.6.

Malfunctioning subsurface soil disposal system (Kelly Iake). Effluent sur-
faced as it was not sufficiently absorbed by the very slowly permeable
glacial drift in this Tustin sandy loam. Sand (S) was dumped on top of the
absorption field area in a vain attempt to stop leakage.




5.2,3.3. Kelly Iake (Oconto County). 125

A top view of this soil absorption system and a cross section of the
seepage bed are in Fig. 5.22., At the time of investigation in June 1971
the szeepage bed was filled with effluent which flowed onto the soil surface
and downslope toward the lake. Sand had been dumped on top of the scil
surface in an attempt to stop this flow (Photo 5.5) but seepage persisted.
The sampling program included: (1) study of the soil type in the area,

(2) measurement of hydraulic conductivity of the major horizons of the soil
and (3) measurement of soil moisture tensions in the soil around the gravel

bed.

. The soil in this ares was classified as a Tustin fine sandy loam
(Arenic Hapludalf) with the following horizons: ALl:0-1lk cm; Very dark
grayish brown fine sandy loam, fine subangular blocky. A2:14-31 em;
Yellowish brown sandy loam, fine subangular blocky, A3:31-46 cm; Brown
sandy loam, fine subangular btlocky, faint strong brown mottles, IIB2t:h6-T6
cm; Reddish brown clay loam, coarse platy and medium subangular blocky,
argillans. IIB3:76-120 cm; Brown sandy loam, coarse platy and fine subangular
blocky. IIIC:120 cm+; Yellowish brown fine sand, single grain.

Results of textural analyses and other physical measurements are in
Table 5. 21 The surface horizons of the pedon are shown to be relatively
permeable (Kgqt = L0k em/day) but the subsurface horizons around the seepage
bed had a low XKgoe of 1 cm/day, decreasing strongly wpon desaturation
(see Fig. 5.20). The percolation rate was lower than 60 min/inch. The
dense structure of the B horizons is also evident from the moisture reten-~
tion characteristies {Fig. 5.23). Tensiometric measurements in the soil
immedigtely adjacent to the bed showed g tension of O mbar. The Kggt of
the B horizon is too low to abgordb the effluent. The sbsorptive areas of
the bed is appr. Skt m= (bottom + sidewslls). Assuning hydraulic gradients
of 1 cm/ em, infiltration through uncrusted soil would be 50CL (125 gallons)
per dey, which is much lower than the estimated loading rate of 50 gallons

per day.

KELLY LAKE: Tustin fine sandy loam (1IB2 silty clay loam)

emergency filf

o emergency fill ; ‘RTZ
§ B2t
- HIB3
N—b N
;§ IITC
b )
:9 I . . 2 1 L :
| 180° 120" 60’ 0
Cross section of seepage bed

house

Top view of system

Mg. 5.22. Top view apd cross-section of the seepage bed (Kelly Iake).




Table 5. 21 Particle gize distribution and some physical characteristics of a Tustin fine sandy loam.

Horizon clay <fine med. ©coarse very fine med. coarse very texture Bulk Porosity Ksat(cm/day) Perc rate
gilt  silt 8ilt fine sand sand sand  coarse Density
sand sand

(e/end)  (q)

Al 11.00 5.00 18.00 10.00 11.53 6.05 8.53 24.89 5.03 Sandy loam 1.28 L5,2
AR 5,00 7.00 16.00 14,00 14.26 6.73 13.18 20,18 3.65 Sandy loam 1.ko 50,6 104 em/day

A3 13.00 14.00 8.00 k4,00 1k.17 T7.85 13.06 21.7T k.22  Sandy loam 1.60 58.2

1 em/day 240, 120,

IIR2 26.00 6.00 12.00 9.00 10.3k 6.0b 9.85 17.2k 3.56  Sandy clay 1.62 36.0 240 mingin.

loam
TIB3 6.00 6,00 14.00 10.00 13.51L 8.22 11.06 25.37 5.83 Sandy loam 1.71 sh.t

ITIC 5.00 2,00 13.00 12,00 71 T.45 13.38 26.85 5.59 Coarsge gandy 1.51 48,1
_ loam

ocT
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MOISTURE RETENTION

KELLY LAKE
Tustin fine sandy loam

4 : T t T { =i
T o0 40 60 80 100
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Fig. 5.23. Moisture retention data for horizons in
a Tustin sandy loam (Kelly Iake).

Conclugion: The subsurface B horizons in the Tustin Tine sandy loam have
a low hydraulic conduetivity, which expleins low infiltration rates from the
seepage bed and, as & conseguence, system fallure.

5.2,4., Arlington study area

5.2.k.1. System 1

The septic tank dispossl system at the Poultry Farm of the Arlington
Exp. Farms, University of Wiscongin was sbtudied in the swmer of 1970.
The system was loaded at a rate of 80 gallons per day. The system had
worked satisfactorily for eleven years. A large pit was dug next to one
of the two seepage trenches and a tunnel extended under the trench (see
Fig. 5.24). Tensiometere were instulled on July 20 at several distances
below and at the sides of the trench. Stoniness of the till was not such
as to prevent installation of the tensiometers, although several attempts
were necessary at most poinkts before success was attained. Soil moisture
tension measurements began as soon as equilibriws had been reached on
July 21. The topsoil £ill was removed from gbove the far end of the seepage
trench and the depth of effluent in the bed was found to be 20 cm.
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ARLINGTON ; Saybrook silt loam { II C sandy loam glacial till)

house

Top view of system

30 cm.

L, 95

*
excavation Cross section of trench and tensiometer
e readings (mbar)
10 m.

Fig. 5.24. Top view and cross-section of the seepage bed with locations
and readings of tensiometers (Arlington)

e goil in the area around the geepage bed was classified as a Saybrook
silt loam (Typic Argiudoll), with the following horizons (for a more detailed
profile description see Bouma and Hole, 1971). Ap:0-20 cm: Very dark
brown silt loam, medium subangular blocky. B21lt:20-55 cm: Dark brown silt
loam. IIB22t:55-85 cm: Brown to dark brown sandy loam with pebbles, coarse
subangular blocky. IIC:85 em+: Dark yellowish brown sandy loam with pebbles
and boulders, single grain (intertextic S-matrix, see Fig. 6.6 in Chapter
6£.2.3). A textural analysigc of these horizong is in Table 5.22.

Moisture retention and hydrsulie conductivity data for the horizons
are in Fig. 5.25. B5ix state percolation tests were made in the glacial
t111, which averaged 6 min/inch., Soil moisture tensions, as measured
around the trenches during the experiments, are in Fig. 5.2k.. Results of
microbial analyses of samples taken at the locations of the tensiomeiers
are in Table 5.23. BSoil moigture tensions were high around the seepage bed,
although the level of the effluent stood at two-thirds the height of the
bed of crushed rock. Below the trench tensions were 80 mbar and 90 mbar.
At the sides, the tension was somewhat lower at 60 mb. The presence of
such high tensions, and free liquid in the trench, indicates the presence




Table 5. 22 Particle
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gize distribution for a Saybrook silt loam.

Clay C.S. M.S.

F.s. V.F.S. C.5i. M.8i. PF.S8i. VCS Texture

Ap 20.5 1.5 3.5
BOlt 18.0 1.5 5.0
IB22t 9.5 5.0 1k.5

IiC 5.0 4.0 25,5

k,s 2.5 23.5 3k.0 9.5 0.5 silt loam
9.0 k.0 19.5 32.5 10.0 0.5 silt loam
33.5 13.5 8.5 11.0 3.0 1.5 sandy loam
2,7 20,1 13.0 6.0 2.0 1.3 sandy loam

100

[o]

HYDRAULIC CONDUCTIVITY (CM/DAY)

Fig. 5.25,

50:' MOISTURE RETENTION
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0 ' 20 40 ' 60 80 100
*  SOIL MOISTURE TENSION

T

B2 and B3

ARLINGTON;
Saybrook silt loam

0 20 40 60 80 100
SOIL MOISTURE TENSION (MBAR)

Hydraulie conductivity and moisture
retention data of horizons in a
Seybrook silt loam {Arlington).
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Table 5.23 Bacterial Analyses, Arlington

July 21, 1970 and Aug. 5,

1870

{bacterial counts per gram of soil)

1]

Sample | Fecal coliforn| Total coliform| Total bacteria
{See Fig. 5.24) July Aug, Jaly Aug. July Aug.
10 ¢m below trench *% % * %% % *% % 3x104 67x104
25 ¢m M " *xx KEE > *3 % 93102 31x10°
40 cm ¥ " *x % Py *X% *x ¥ 9x%103 5x104
10 cm from side wxw #rx - 1,300 | 1x10°® | 10x10°

of trench
30 cm from side %% "17x103 3x10°
of trench
Control soil % %% *x% *X% =% % 36x104 14x104
sample
Distr%bu?ion box 4x103 16x10°3 123x105
liquid (No./ml)
|

FRHE =

organisms not detected, €£100/gram

Enterococci were not detected in any sample except the distribution
box liquid. It contained 260 enterococeci/ml in Aug.

Note:

Preliminary data.
those developed later;

significant as those of later work,

Methods followed were not the same as
therefore results are not considered as
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of a crust at the interface between trench and soil, that strongly reduced
the infiltration rate into the underlying soil. The reduction here was
estimated to be approximately 200 fold (K .4/Kgg mb). Crusting is very
effective in increasing the filtrative cgpacity of the soil due to the

slow movement of liquid in the finer soil pores in unsaturated soil. Counts
of fecal indicators were therefore very low in the goil around the bed

(see Table 5.23).

The smount of effluent flowing from the crusted bed into the surrounding
goll can be estimated by considering K values, hydraulic gradients and wetted
areas. K at 80 mb was 5 mm/day. Flow through the bottom area of the beds is
estimated as 51 gallons/day (surface area = 2h m?; hydraulic gradient = 1.5
emfem). Liquid also leaves the trench through the sidewalls. Flow can be
estimated as 42 gallons/day (K at 60 mb = 15 mm/day, total wet sidewall
ares = 12.3 n°, and the hydraulic gradient is 1 em/cm). Total f£low is then
estimgted as 93 gallons/day, which ig within 15% of the measured loading rate
of 80 gallons/day (measured during only a one-week period in July). The
caleulated amounts of flow are estimates based on separated vertical gnd
horizontal flow patterns. In the real two-dimensional flow sysiem, flow
lines will be cwrved, and the sclubtion of the flow equation will be much
more complicated. However, this spproximation is sufificiently accuraite for
our purpose here. This system would fail with a normal, much higher, loading
rate of around 300 gallons per day. The Ky value of 80 cm/day and the
percolation rate of 6 min/inch indicate that the scil is potentially very
permeable, if uncrusted. This absorptlon system was used for experiments to
determine the effect of intermittent application of effliuent on soll absorp-
tion. Results are reported in Chapter 8.2.

Conclusion: This subsurface soll disposal. system with an absorptive botion
area of 27 m= {300 square feet) built in a soil material with s percolation
rate of 6 min/inch and g Ksat value of 80 cm/day, could only absorb 90 gallons
of effluent per day due 1o crusting of the interface of the seepage bed and
the soil. This would be insufficient if the system were loaded at a regular
rate of 300 ggllons per day.

5.2.4.2. Measurement of soil temperatures in winter by D. J. van Rooijen

Temperature diodes were installed at depths of 30, 60 and 90 em in
natural soil as well as above, next to and below the seepage bed discussed
in the previous chapter. Temperature readings were recorded at regular
intervals.

Temperatures at 30 cm depth in the natural soil stayed relatively con-
stant for the entire period of observation. The temperatures at depths of
60 cm and 90 cm were only slightly different but were significantly higher
than at a depth of 30 cm. The temperature in the subsoil decreased gradu-
ally during the period of study from 6.5°C +o k.8°C.
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The maximum temperature above the gravel bed was 2 800 ini
e . and the minimuom
was 0.9°C. Temperatures next to the gravel bed at 60 cm below the soil
surface were lower than at the same depth in the natural soil. Temperatures
below the gravel bed were close to those in the natural soil at the same depth.

%Me&%.EMleﬂﬂw%inﬁﬁa@wam)MaSWWWkﬁhlwmmd
around an opersting seepage bed in the IIC horizon of this soil.

Soil Temperatures (°C)

Date: 17 Dec 31 Dec 21 Jan 26 Feb 25 Mar
Natural soil:
30 em (B2) 3.4 3.4 3.0 3.0 3.0
60 em (ITB2) 6.8 6.8 6.0 5.2 4.5
90 en (IIC) 6.5 6.5 5.6 5.2 4,8
Seepage bed:

Above (40 em)
Adjacent (60 cm)
Below (90 cm)

O o
N o
N
© O\
e
Ow
v o
WD
O
~3\0\0

Snow depth was 22 inches after Dec., 15, 1970 and 4id not decrease
appreciably during the following months. An additional 12 inches of snow
fell on March 19, 6 days before the last measurements were made. Air
temperatures at the time of observation in December were -8°C. In January
and February temperatures of -20°C were reached. :

Conclusion: Temperature measurements in the horizons of a Saybrook silt
loam and around a subsurfece seepage bed in this soil, made during the
winter months of 1971-1972, showed that the sgoil did not freeze, due to a
20-inch snowecover, even though air temperatures were as low as -20°F (-28°¢).
Soil temperatures in the soil gbove the seepage bed were lower than those
meagured in the ngaturgl soill at the same depth.
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5.2.5. Ashland study aresg
5.2.5.1. System 1

This seepage bed was constructed in the Spring of 1970 and wag investi-
gated in August 1970, A top view and cross section of the bed are shown in
Fig. 5.26. The system never worked well as indicated by continuocus geepage
of effluent from the downslope end of the bed at the location of the airvent

{(Thoto 5.7).

The soil type in the ares was a Hibbing silty clay loam (Typic Eutroboralf)
with the following soil horizons (for more details, see Bouma and Hole, 1971a).
Ap:0-10 cm, Reddish brown gilty clay loam, fine subangular blocky; A2:10-18 cm,
Reddish brown silty clay loam, medium subangular blocky, skeletans on ped
faces; Bl:18-2h cm, Dark yellowish brown clay loam, medium prismatic bresking
into medium prismatic and medium angular blocky; B2t:24-65 cm, Red clay,
very coarse prismatic and medium angular blocky; CaCO3 glaebules in lower
part of horizon; B3:65-120 cm, Red clay, prisms as B2. Pockets of weak red
clay, very rich in CaCO3, £:120-180 cm, Red clay, prisms as B2.

ASHLAND; Hibbing silty clay loam

house

30 cm

perforated pipe

< gravel bed

Top view of system

4 level of effluent

leakage

*s

Cross section of trench
and tensiometer readings (mbar)

1994 Ul 9j0g

Fig. 5.26. Top view and cross-section of the see bed with locations
and readings of tensiometers (Ashland;.




Pnoto 5.7. Air vent (A) at the lower part of the soil absorption system in Hibbing silty clay loam. Raw effluent
(E) is flowing from the system because low conductivity of the soil does not permit it to absorb the
liquid (see top view of the system in Fig. 5.26).
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The B3 horizon, in which the seepage bed was built, had the following
particle size distribution:

v¢3 C.8. M.8. PF.5. V.P.B5. C.5i. M.Si. ¥.Si. Clay
0.2 1.4 L6 5,8 13.0 L0 12,0 12,5 46.5
60+
1000 | MOISTURE RETENTION
o SO-N
i A 1
] ( )40__ izu
| p
-\'\ 30+
100 |
- 20_-
- \ 1071 Fill of mound
- ‘ i
=
a o ———————1
3 20 T 40 80 80 100
O 104 SOIL MOISTURE TENSION
N {MBAR)
=
=
5 Fill of mound
g y (eale.)
=
o
8 1‘~ ASHLAND; Hibbing loam
3
o
<
o
]
-
u
0.1 al
) i B2 T~
. T
&3
35 " a0 ' 60 ' B0 ' 100 120

Fig. 5.27.

SOIL MOISTURE TENSION (MBAR)

Hydreulic conductivity and moisture

retention data of horizeons in a

Hibbing loam (Ashland).

The K-curve (Fig. 5.27) was measured later in situ in a Hibbing loam nearby,
that had B horizons idemtical to those of the Hibbing silty clay loam described

above.
very low conductivity (K

triplicate at the B3 1evef

= 2 mm/day).

The curve for the B3 horizon of the Hibbing loam (Fig. 5.27) shows a
The percolation test, performed in
, yielded sn average 1400 min/inch, much below the
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Photo 5.8. Black sewage sludge (S) flowing from a tile line down the side
of an exploratory trench across the seepage bed (B-B) at 120-
160 cm depth at the Marshfield Experiment Station. Field tests
showed the underlying compact reddish till (T) to be impermeable.
Fill (F) above the bed had a bluish "reduced" color and had been
enriched in nitrates and organic matter by upwelling effluent.
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minimum allowable 60 min/inch. Tensiometric measurements in situ of moisture
tensions around the trench (which was partly £illed with effluent at the

time, see diagram in Fig. 5.26) indicated that tensions of 6 mbar occurred
close to the trench. Lack of saturation points to the occurrence of weak
erusting on trench surfaces. The bottom ares of the bed was 11.25 e » the
sidewall area in contact with effluent was 6.3 m=. With K at 6 mb at 1 mm/day,
infiltration into the s0il can be estimated to have been only 17 liters

(4 gallons) per day, assuming hydraulic gradients of 1 cm/ecm. This rate is
much too slow to maeke possible the operation of a modest sized subsurface
seepage bed at normal loading rates. An area of 600 me (6540 square feet)
would be needed to dispose of 300 gallons per day at an infiltration rate

of 2 mm/day. This very large and therefore impractical size would still be
too small after crusting, which eauses g decrease of an already very low
infiltration rate. The surface horizons of the pedons have higher conductivities
(Fig. 5.27) and this favorable property is used in the design of experimental
"mound systéms" for these soils, which will be discussed in Chapter 8.3.

Conclusion: The subsurface horizons of the Hidvbing silty clazy loam and the
Hibbing loam have a very low hydraulic conductivity, which explains very
low infiltration rates from the seepage beds and, as a result, system failure.

5.2.6.Marshfield study area.
5.2.6.1. System 1

This seepsge bed, obgerved in 1970, was constructed in 1951, at a depth
of four to five feet below the soil surface to made posgible gravity flow
of liguid waste from the farm building into the septic tank and from there
into the seepage bed. The system never vorked well as indicated by seepage
of effluent into the road-ditch. The soil type in the area of construction
was a Withee silt loam (Agquic Glossoboralf) with the following soll horizoms
(for more details see Bouma and Hole, 197la): Ap:0-18 cm: Very dark
grayish brown silt loam, fine plates, common dark reddish brown planar ferrans;
£2g:18-27 em: Brown silt loam, medium prisms breaking into fine plates,
common yellowish red planer and channel ferrans; BL:27-3T7 cm: Pale brown
silt loam, medium prisms breaking into fine plates; IIB2ltg:27-50 cm: Dark
brown loam with few pebbles, medium prisms bregking into medium plates,
skeletans on prismgtic ped faces; IIB22g:50-63 cm: Dark brown loam, course
prisms breaking into medium plates, brown mottles and skeletans on ped faces;
IIB3g:63-120 em: Dark reddish brown clay loam, very coarse prisms breaking
into coarse plates, light gray mottles along root channels; TIC:120-180 cm:
Reddish brown sandy elay loam with olive gray mottles, very coarse prismatic.
Particle sgize distributions of the horizons are in Teble 5.25.

The K-curve (Fig. 5.28) shows that the natural soil is very slowly
permesble at the level of the seepage bed (K , = 2 mm day). This vas
confirmed by the very low measured percglation rate (1400 min/ inch). The
seepage bed area was approximately 8h m=, At a rate of 2 nnn/ﬁay (wh:f.ch
would represent the vertical infiltration rate in the ITB3 horizon without




Table 5.25.

Particle gize distribution of horizons in a Withee

silt loam.

ves ¢.8. M.S. F.8. V.P.8, C.8i. M.S8i. F.S5i. Clay
Ap T 1.4k Lb,o 5.7 1iL.9 21..0 2k.0 9.0 15.5
A2g Tr 1.1 2.8 2.5 14.1 17.5 27.5 8.5 21.0
Bl 0.6 1.6 5.0 L,7 146 22.0 28.0 10.5 13.0
TI32lteg Tr 0.5 T.8 9.5 9.7 13.5 18.5 7. 22,5
ITR22tg T 1.4 7.2 7.2  16.7 17.0 1.0 8.0 23.5
IIB3g ™ 1.7 8.5 6.0 12.3 16.0 8.5 8.5 29,5
IIC 0.2 2.3 1hk.2 13.5 20.5 11.0 5.0 6.0 19.5
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Fig. 5.28. Hydraulic conductivity and moisture

retention data of horizons in a
Withee silt loam (Marshfield).
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* MARSHFIELD, Withee siit loam
Top view of soil disposal system

buitding

|
9m (30ft)

)ST
Fill area with seepage bed

fence

road

Fig. 5.29. Top view of the seepage bed area show-
ing different degrees of reduction in
the soil fill (Marshfield). (See text).

any crusting of the infiltrative surface) a total volume of only 168 Liters
(40 gallons) can be absorbed per day, which is insufficient because loading
retes will usually be much higher. In addition, crusting snd resulbting
unsaturated flow is likely to occwr and thern rates are much lower yet (see
Fig. 5.28). Soil morphology around the seepage bed strongly suggested

that effivent did indeed not move downwards in gppreciable amounts. The
natural soil immediastely below and at the sides of the seepage bed was
brown (10YR 4/6) or dark brown (7.5YR hﬁh), whereas the soil-fill on top

of the bed was dark greenish gray (10Y 4/1), gray (7.5Y 5/1) and olive
black (7.5Y k/1), indicating effects of processes of reduction. Depth of
reduction varied over the seepage bed area. In area 1 (Fig. 5.29) such
reduced colors were found only between 80 and 120 cm below the soil surface;
in area 2 between 40 and 120 cm and in area 3 from the surface dowrwards

to 120 cm. The increase in thickness of the zone of reduction corresponded
with the gerneral slope of the area, which was to the north. Anserobic
conditions in the bed were evident during the excavation of the system when
large quantities of black sludge, rich in sulfides, flowed from exposed
pipes in the bed (Photo 5.8). The fill material on top of the seepage bed
(sampled in unit 2 as indicated in Fig. 5.29) was enriched with nutrients
(notably K and NOy) from upwelling effluent as compared with an adjacent
natural pedon {sampled at point b in Fig. 5.29)., The organic matter con-
tent and the pH of the £ill material (which was composed of soil material
of the upper horizons of a Withee silt loam) were also higher than in the
natural pedon (Table 5.26).
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Table 5.26. Chemical characteristics of £ill material on top of the
seepage bed and of an adjacent natural Withee silt loam
vedon (sampling sites shown in Fig. 5.29).

Withee gilt loan Fill
Depth pH oM P K Na I\IO.32 pH 9:13 P K e Noa
% mmmmmme ppi=m=====- % mmmmmee- pplli=======~

30 cm 4,3 0.3 66 600 24 25 6.2 1.6 43 1050 18 10

6C em Lo 0.2 43 177 25 -- 5.6 0,7 28 202 13 12
90 cm L1 0.1 3% 135 25 @ -- 6.2 0.5 39 162 10 Akt
120 cm 4,3 0,1 53 1% 27 -- 6.6 0.3 37 320 16 35
160 cm® o 6.2 0.2 59 205 10 -~

*
7111l beneath gravelbed.

Conelusion: The subsurface horizons of the Withee silt loam have a very
low conductivity which explains very low infiltration from seepage beds

and the resulting failure of septic systems. Movement of effluent occurred
Trom the bed upwards into the soil £il1l in the studied system.

5.2.7.  Black River Falls study area

Fe2sTole System 1

This new, very large, dual-bed, subsurface soil disposal field was
designed and built for an Institute with an average daily production of
5,600 gallons of effluent. The system was studied in October 1971 after
only six weeks of operation. Pig. 5.30 shows a top view of +this system
and also of the old seepage bed that had failed In 1570, after only fouwr
years of use. An excavabion in the old gravel bed revealed that the clay-
tile lines had been plugged with fine cloth fibres originating from the
laundry room. This resulted in overflow of large volumes of raw effluent
into a nearby stream. The new system (provided with filters to avoid
similar difficulties) consisted of two teds, each of which was sufficiently
large to absorb the current volume of effluvent. Liguid wastes first pass
through two septic tanks, each with a capacity of 5700 gallons, and through
g digtribution box. Movement is by gravity-flow. The soil in the area was




BLACK RIVER FALLS ; Sparta loamy sand

Top view with sampling points

N\

&,

Fig. 5.30. Top view of the seepage bed with sampling points (Black River
Falls).

*
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clagsified as a Sparta loamy sand. Abtention was confined to the C-horizon
sand that surrounds the seepage bed. This sand consists of b% clay, and

96% sand (9% coarse, 83% medium, 3% fine and 1% very fine). Hydraulic
conductivity and moisture retention characteristics are reported in Fig. 5.31.

The principle of the dual-bed system is to ghift the flow of effluent
from ore bed to the other at regular time intervals. The bed not receiving
- effluent i1s allowed to drain. Inhibiting crusts developed at the infiltrat-
ing surfaces during the previous loading period will then be oxidized,
thereby restoring the infiltrative capacity of the scil for the next losding
cycle. Construction of a dual-bed system is necessary if crusting can be
expected to be so severe during a prolonged period of continuous loading,
that the system will fail. TIf, however, the development of crust resigtance
is not a continuous function of time but, rather, spproaches some equilibrium
value, a second bed may not be needed. In such a case, this eguilibrium
value, which corresponds to a certain infiltration rate, could be used to
design a bed large enough to handle g1l effluent on a permanent basis., The
study of operating subsurface beds in sands reported in Chapter 5 indicated




a striking wmiformity of moisture conditions sround beds from site to site.
Tensions were close to 25 mbar, even in a systen that was twelve years old
(Chapter 5.2.1.3). This seems to indicate that crust resistance does in

fact, reach a condition of equilibrium,

The bottom area of each seepage bed at the Black River Falls site is
90C m=. The critical dowmvard flow rate » Lo be ealeulated from the average
measured loading rate of 5600 gallons per day, is 2.5 cm {one inch) per day.

1h2

This flow rate corresponds with a soil moisture tension of 55 mbar (Fig. 5.31)

which is a much lower tension than tensiong measured around operating beds
in other sands similar to the one discussed here.
that a single bed of the present size would he gufficiently large 4o handle

the efflvent permanently. Foture monitoring will test the validity of

this preliminary conclusion,
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It is, therefore, probable
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Six excavations were made around the bed for sampling purposes (Fig. 5.30).
Lateral excavations into the seepage bed at points 5 and 6 showed thait the
gravel in the bed was clean and dry. This means that effluent had not yet
reached these points. A deep excavatbion was made at point 1 near the inlet
cloge to the side and below the seepage bed., Effluent was ponded in the
bed at that point while the underlying soil was unsaturated. Moisture
tengions could not be measured directly, but goil samples were taken below
the bed and the tension was estimated from meisiure contents to be around
30 mbar, as derived from the moisture retention curve (Fig. 5.31). At the
time of study, therefore, this system provided g good illustration of
progressive crusting, to be further discussed in Chapter 6.2. In thisg
process the soil close to the inlet receives much effluent through perforations
of the pipe and a crust develops as a result of local overloading. The
crugsted area in the bed expands as liquid moves farther into the bved (see
also the system in Chapter 5.2.1.9).

The soil below the partly filled seepage bed was considerably warmer
(23°C) than the natural soil nearby at the same depth (18°C), due to the
warmbth of the infiltrating sffluent.

CONCENTRATION (:g/g) CONCENTRATION (xg/g)
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Fig. 5.32. Concentrations of nitrogen and phogphorous compounds in
unsaturated soil below & crusted seepage bed (Black River
Falls).
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Table 5. 27 Results of chemical analyses of effluents and
water from observation wells around the seepage
bed in Black River Falls. (ST = septic tank;
DB = distribution box)

Date Semple l‘EH):—N No3‘-1¢ Total-N| DIP | Total-P
or well number

October Housewell 0.3 0.8 1.8 <.02 A3

972 ap 26.5 0.1  27.8 12.6  13.3
ST #2 2.2 0.6 28.9 13.2 13.3
DB 21.9 O.h 27.4  13.8 4.0
Well No. L 0.7 5.0 12,0 23 1.29
Well No., 2 0.6 0.5 2.8 0T A9
Well To. 3 0.7 0.2 3.2 .26 1.2h
Well No. & 0.5 2.0 L.6 .80 1.16




Table 5. 23 Bacterial Analyses, Black River Falls, Oct. 21, 1971

{bacterial counts per gram of scil or per ml in liquid samples)

Sample Fecal Total Total
(See Fig. 5.30) Bnterococci |coliform | coliform | bacteria |pH
Septic tank #1(1) 500 3, 000 34,000 206 x 107 6.8
Septic tank #2(1) 230 4,000 | as,000 | 22 x 10%| 6.9
Distribution box!}) 300 7,000 | 27,000 | 39 x 105| 7.2
Soil samples
(Fig. 5.30 (x 102)
Point 1)
a, 1 cm below bed 50 60 8,500 6.9
b, 3cm " " 12 4 14 11,000 | 6.5
¢, Scm " " *% *% *% 1,000 | 6.7
a, 7 cm " " *% *x 2 20,000 | 6,9
e, 15 em " n 4 ** 34 600 6.3
£, 30 cm " " *% *x *% 5,100 | 6.5
g, 45 cm " " *% *% *x 5,100 | 6.2
h, control *% *¥ ** 5 | 5.3
Untreated (1)
well water * * * 89 -
Treated
well water(1) * * * 39 -
Test wells (x 103)
1 * * 1,100 940 6.6
2 * * 3c 51 6.7
3 * * * 38 | 6.6
4 #* * 60 16,300 6.7
*

*3¥

(1) liquid samples

Note: Soil below distribution field was at 23°C, .
The soil at the point of the control sample was 18 C.

organisms not detected or £1/ml in average of triplicate platings
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organisms not detected or £6/gram in average of triplicate platings
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S0il samples taken at 15 cm intervals below the bed were analysed
for total N, total P, and N0,. The ground wabter was at 16 feet below
the soil surface at the location™of the seepsge bed. Samples of the ground
water were taken at points 1, 2, 3 and 4.. Sample wells extended only one
foot into the ground water. Results of chemical analyses are in Table 5.27.
Bacterial analyses of soil and well samples are reported inm Table 5.28.
Fecal indieator organisms were not detected in any of the test wells
below the absorption field. 'These indicators (FC and FS) were also absent
in soil samples obtained at depths exceeding 1 foot below the seepage Tield.
The effluents in the geptic tanks and in the dilstributlon box had g relatively
high Ny, content (22 ppu) whereas the NO3 content was low (O.% ppm) due to
the anaerobic envirorment (Table 5.27), Contents of ), were relatively low
when compared with effluents sampled from individual homes at other locations.
The ground water below the inlet in the bed at point 1, on the contrary,
had a relatively high nitrate content (5 ppm). The content of organic N
(6 pom) was similar %o that in the distribution box. Oxidation of ammonia
to nitrate and a gradual decrease of total N with increasing depth of soill
percolgtion is graphically I1llustrated in Fig. 5.32. The composition of
gages in the soil pores below the bed is unknown but approximately 24% of
total goil volume is occupied by gases at 30 mbar tension (see moisture
retention curve in Fig. 5.31) creating a potentially oxidative environment
in this coarse porous well aerated soill. The phosphate contents in the
ground water are relatively high as compared to other studied sites. I%
ghould be noted that the anglyses of effluents in the geptic tanks and In
the distribution box may be influenced by the time of sampling, which was
in the morning hours when the laundry was operating. Wastes entering the
system at a later time during the day nay have somewhat different chemical
characteristics. This aspect remains to be investigated.

Conclusion: The bottom of this large seepage bed was partially crusted
near the point of inlet afbter six weeks of use. Nitrification and a very
strong reduction in the amount of fecal indicators was observed in the
_effluent during the downward percolation through unsaturgted soil below the
crusted seepage bed. Calculations indicate that effluent might be absorbed
continuously without failure in a system consisting of a single large bded.
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6. EVALUATION OF PHYSICAL MEASUREMENTS

6.1. Evaluation of the Wisconsin State Percolation Test Procedure

6.1.1. Introduction

Sultability of a site for the construction of a septic tank digposal
system is determined on the basis of slope of the area, level of the water
table, depth to bedrock, if any, and a mandatory percolation test (State
Board of Health, 1969), {see Chapter 3.1). The percolation rate is expressed
in the number of minutes required for the water to fall one inch. This
value can be translated into the more universal physical units of cm per day
by dividing 3600 by the number of minutes per inch. Estimates of required
dimensions of a future system are based on the percolation rate, if less
than 60 minutes per inch, and predicted loading rates of the system. These
estimates can be reliable only if 1) the te st procedure itself gives rep-
resentative and reproducible results for each location, and 2) if such
results gpply to the real physical conditions in and around an operating
disposal system. These two aspects will be considered separately in the
following sections.

6.1.2, Variability of test results; comparison with other methods

The methodology of the mandatory percolation test (State Board of
Health, 1969, Section 3.1) has been studied by many authors {see review by
McGauhey and Krone, 196T7). Correlations of percolation tests with soil
properties have been reported by Derr et al., (1969), based on results of
geveral thousands of obgervations in Pennsylvania. At any given site,3 %o
6 tests were made. The coefficient of variability for replicate tests on
one site varied from zero to 253%, with an average of 73%. Variation between
sites was slightly higher than variation within a site. The percolation
rate wag positively correlated with the clay content of the subsoil and the
drainage class. The authors concluded that the very high variability of
regults makes the test quite unreliable. Mokma (1966) demonstrated con~
giderable seagonal varistions in test results.

Results of the present study are reported below with respect to:

1. Range of varigbility of test results.

2. The seasomsl variaetion of percolation test results.

3. A comparison of results obtained by the official test procedure
(which allows a falling water level) with results obtained by a procedure

in which a congtant water level is maintained in the test hole.

L, A comparison of the percolation test results with K-values
determined by the Bouwer double tube procedure.

Investigations were made in seven soil horizons, as indicated in
Table 6.1. Variastion of test results is expressed as the coefficient of




Table 6.1 ¥ Results of percolstion tests of seven soil horizons.

Mo. of Perc. rate first day Perc. rate sec. day Perc. rate third day CV, second day CV,1969-70
holes 2hr Yhy bhr Shr lihr bhr  2hr Lhy Ehr (%) (%)
$%. Charles-Patavia silt loam (Charmany ferm).
1. Horizon: B2lt (60 cm depth) Initial moisture 1969: 0.6b; 1970: 0.1b (est.)
SPT July 1969 6 - ~—— ——m e o2 m—— e - 36}
. : L1
SPI April 1970 3 15 1h 20 14 22 o - -—— Lo
CLFT ppril 197C 3 15 15 ——— 10 10 10 9 9 - 35
Individual test holes
April 19T70-SPT
No. 7 1k 11 16 12 18 ol 30
No. 8 16 8 7 15 15 27 Lo+ ko
_ No. 9 16 22 27 15 32 20 53
April 1970-CLPT 0 -
Bouwer K: 57 cm/day (63 min./inch) 4 meas. 25
2. Horizon: B3L (120 em depth) Initial moisture tension 1969: ©.3b; 1970: 0.5b (est.)
SPT July 1969 6 L5 100}
90
'SPT April 1970 3 38 5h 57 Lkl 87 89 100
CLPT April 1970 3 80 80 8o 76 T6 76 90
Individual test holes
April 1970-SPT
No. 10 1k 12 20 11 13 19 30
No. 11 20 30 30 Lo 128 90 731 50
No. 12 & 120 120 8o 120 200 L8
April 1970-CLPT 0
Bouwer K: 22 cm/day (160 min./inch) 4 meas. 25 %

b
All percolation rates are given in min./ inch, unless otherwise stated.




Tghle 6.1 (continued).
Wo. of Pere. rate first day Perc. rate sec. dgy Perc. rate third day OV, secondday  CV, 1969-70
holes  Zhr Uy 6hr 2hr kny 6hr  Zhr Yhr 6hr (%) ()
Plano silt loam (Mandt farm).
3. Horizon: B21t (50 cm depth) Initial moisture tension: 1969: 0.lb; 1970: 0.03b (est.)
SPT July 1969 6 - --- -—- --- 28 ——— - .- - 35 L5
SET May 1970 3 7 9 - 10 11 (R I— - - 15
CLET May 1970 3 3 3 --- 6 6 5 3 - ——— 10
Individual test holes
May 1970-SPT
No. 7 7 8 - T 11 1L 22,
No. 8 7 11 - 16 12 12 20 - 23
No. 9 T 8 _— 6 9 10 26”
~CLPT
No. 2 2 e -— 6 8 5 3 - - 25l
M. 5 L - - 6 6 6 6 9 9 0; 16
o. 6 2 9 - 6 b I L L -— 20
Bouwer K: 28 em/day (120 min./inch) 25
h. Horizon: B3L (20 cm depth) Tnitial moisture tension 1969: 0.1b; 1970: 0.1b (est.)
SPT July 1969 6 33 | 20 40
SPT May 1970 3 8 6 ——- 15 16 13 --- -—- -— 48
CLPT May 1970 3 5 - -—- 12 10 10 19 8 - 25
Individual test holes
May 1970-SFT
‘ No. 10 T 8 -—- 23 21 18 12,
No. 11 10 5 - 13 19 12 1Ty 17
No. 12 6 T - 8 9 10 11
~CLPT
Mo. 1 10 - -— 25 19 19 Lo 15 -—- :L6.I
No. 3 2 - - 6 5 -~ 10 5 --- 15 15 N
No. U L - - 6 5 - 6 5 - 15 =
Bouwer K: 11 em/day (330 min./inch) 25




Table 6,1

{continued).

No. of
holes

Perc, rate first day

Perc, rate sec. day

Zhr

Lny

fhr

Zhr

Yhr 6hr

Shr

Slmgpady LI

Tama silt loam (Platteville) virgin site.

5. Horizon: B2t (20 cm depth) Initial moisture tension 1969: ©.3b; 1970: 0.1b {est.)
SPT Oct. 1969 2 - - -— - 6 _— ——— 10
8PP May 1970 3 -—— - ~—— 9 12 16 Lo 70 82
CLPT May 1970 3 5 8 6 6 6 6 -—- 30
Individugl test holes
May 1970~-SPT
No. 8 15 1k 30 80 90
No. 10 7 11 10 23 5h¥ 70
Wo. 11 6 10 9 23 62’
-CLPT
Wo. 1 6 10 5 6 6 6 - O
. 6 6 9 9 8 8 8 o 0/ 5
Wo. b i L b 5 L N —— 16
Bouwer XK: 95 cm/day (38 min./inch) 3 meas. 30
Tama, silt loam (Platteville) cultivated site.
6. Morizon: B31 (80 cm depth) Initial moisture tension 1969: 5b,; 1670: 1b (est.)
SPT Oct. 1969 2 - -—— - o 38 e --- ho ks
SPT May 1970 3 - - - 14 21 Lo 17 25
CLET May 1970 3 1 3 5 8 8 8 - 12
Individual test holes
May 19T70-SPT
No. 9 === - —— 11 2k 13 16 W
No. 7 ~-- - - 20 15 96 16 100 60
No. & --- - -—— 10 ok 16 19 Lo
“OLET . 5 1 1 L 8 8§ . 9 - 8,
No. 5 2 6 7 9 9 9 -~ 03
M. 6 L 2 L T T T - G
Bouwer K: 27 cm/day (130 min./inch)

30

04T




Table 6,1 (continued).

No. of  Perc. rate second day CV,eecond CV(of bothFsites), 1970
holes 2hr Ihr day (%) (%)

Stony sandy loam till (Arlington Experimental farm).

T. At 90 cm depth in a Saybrook gilt loam. Tnitisl moisture tension: 0.lb.

SPT July TO 3 Y L 35 60
{Poultry)
SPT July TO 3 3 3 €0
(Dairy)
PLIC July TO 1 4 3 20"
(Poultry)
PLIC July TO 1 5 L
(Dairy)
Individual test holes
SFT Poultry
No. 1 5 2
No., 2 6 6 0
No. 3 L 1
SPT Dairy
No. 1 1 1
No. 2 3 3 0
No. 3 > >
PIIC Poultry L 3 20
PLTC Dairy 5 L 15
Bouwer K: No measurement possible because of stones. From crust test
procedure ;
Kot = 80 em/day (45 min./inch)

18T

*Amount of replicates is too low here.
#Fbultry Parm and Dairy Center, Arlington Farms, Wisconsin Agr. Exp, Sta.
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variability, that gives the gtandard deviation 8 of test results as a
percentage of the average: ( )

S = 'ng—xia
- n-1

At each site the individusl test holes were made within an area of 25 m2

(=25 sq. ft.). The distance between holes was always more than 1.2 m

(L Peet)., Data derived from the field tests are presented in Table 6.1 for
T pedons. SPT data for the 1969 field season (Bouma et al., 1970) were
calculated from the rate of fall of the water level after 35 to 4 hours

on the second day, as directed in the test procedure. The State Percolation
test data of the 1970 field season (abbreviated as SPI data) include the
rates as measured after 2, 4, 6 or 8 hours of wetting on the second day.

The value observed after 3% to k hours on that day is tsken as the official
percolation rate. Infiltration rates were also recorded during the

"soaking period" of the previous ("the first") day.

The coefficient of variability (CV) was calculated for replicate SPT
measurenents at every location for each field season separately and for sll
values combined. The Constant Ievel Percolation Test (Abbreviated as CLPT)
was done in 1970 only. CV values for this test, therefore, only apply to
the spring season of 1970,

CV values were also calculated for each individual hole used for a
SPT or CLPT determination, expressing the variability of readings on the
second day after 2, 4, and 8 hours. This CV value, calculated only for
1970 data, made possible an evaluation of the significance of the required
arbitrary four hour period of measurement during the second day. Hydraulic
conductivities (K) measured in triplicate with the double tube apparatus in
both summer and fall of 1960 and in the spring of 1970 are reported here
for each horizon, along with their CV values.

The seven horizong represented in Table 6.1 are referred to by number
in the test, Viz. No. 2, No. 5, etc.

The following conclusions can be drawn from the assembled data:

(1) T™he CV values of the State Percolation Tests in the summer and
fall of 1969 vary between 10% (No. 5) and 100% (No. 2). The average was
50%. When all values for each horizon are combined, the range is L0%

(No. 4) to 90% (No. 2), with an average of 57%. This is a high value although
still lower than the 73% reported by Derr et al. (1969). It means that an
average percolation rate of, for example, 20 min/inch has to be read as
being between 31 and 9 min/inch with a probability of 68%; so there is a
chance of ore in three that values occur even outside this range. All
horizons included in our experiments were in relatively homogeregus well
drained materials, except for the B3 of the St. Charles-Batavia silt loam
(No. 2). This horizon was close to the inberface between leached loess
and glacial +ill, which may account for its quite variasble behavior. But
even when thig horizon is excluded, CV is still 50%. The greater part of
this high variability is due to the heterogenity of the natural soil. Some
of it, however, is the result of the measurement procedure (see item 3,

below).
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(2} Seasonal differences in SPT results do not show any consistent
pattern. Similar rates were measured in spring and late summer in No. 1;
higher rates in spring in Nos. 3, &, and 6 and lower in Nos. 2 and 5.
Differences do not correspond with the initial soil moisture contents before
soaking. TFor example, in the spring the rate was higher in No. 3,
although the initial moisture content of the horizon was highest in that
season, The rate in No. 2 was lower in spring, although the initial moisture
content was lowest then. Except for the initial soil moisture content,
many other factors may contribute to the observed differences: better
cleaning the bottom of the hole with a new hole cleaner in 197C as compared
with the work dore in 1969; the method of measurement of the water level;
the way the hole was filled with water after each six-inch fall, etec.

These results do not confirm those of Mokme {1966) who reported relatively
low values in spring, due to the relatively high water content of the soil
which reduced the hydrauvlic gradient (see point L), Presoaking, during the
first day of the test procedure, has gpparently substantially reduced
differences in hydraulic conditions in different seasons. The percolation
rates observed during the first day of soaking, are sometimes lower than
those)measured on the second day (see data for Nos. 1, 3 and & in Table
6.1

(3) The varisbility of the Constant-Ievel Percolation Tests (CLPT)
is lower than that of the regular percolation test. The average CV for
CLPT tests in spring 1970 was 34%, whereas SPT results in the same period
had a CV of 50%., A constant water level is maintained in the CLPT at 6
inches above the gravel. Any varisbility in infiltration with time can
therefore be attributed to changes in goll structure and hydraulic conditions
around the test hole. The State Percolation Test, on the contrary, measures
the rate of fall of the water level from the 6" level dowrward Lo the gravel.
As the water level moves down, the area available for horizontal flow through
the sidewall of the hole decreases. This may lead to a marked decrease of
infiltration during each run.

Four different infiltration patterns of the SPT can be distinguished
and are illustrated in Fig. 6.1. Type I shows a constant infiltration rate
at all times. Type II shows a decreage of infiltration with time, due to
other factors than change in water level, as indicated by the constant slope
of each separate line. Types IIT and IV, on the contrary, show rzte decreases
related to the decreasing level of the water, reflected in the change in

" \ \ \ \ \ \ :5 \ \ \‘ \ \ . \ \ \\ . -. \\ \\\\
\ sl -
\ \ \ \ Tvpe IR \ \ Tvpe\IH \ ; T‘”’,} N i\ﬁ

2 3 4 1 2 3 4

{cm)

Water level above gravel
___—--'-'.
_.--'-
._——_-.
--'-'—-

T:me (hours)

Fig. 6.1. Types of infiltration petterns of the percolation test.
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the slope of each line during each separate run, Type IIT shows a constant
pattern in each run. Type IV shows a gradual decrease as tlme progresses.
Variation in the percolation test results of the latter two types is caused
by the method of measurement as well as by soil factors.

The observed differyence in CV hetween SPT and CLFT test results can
be explained, since most SPT measurements exhibit curvés of Types IIT and
IV, indicating the influence of the water level in the hole, which is not
constant in CLIT tests. To further explore the varigbility of SPT measure-
ments, percolation rates (spring, 1970) for individual test holes have been
calculated not only afiter s 4 hour period as required, but also after 2, 6
and 8 hours. Cenerally a decrease in the percolation rate with time is to
be expected, since wetting will lead to a decrease of suction gradients in

the soll and processes of swelling may reduce infiltration. However,
abtentlon should be given only to decreases caused by hydraulic and soil
Tactors, which are relevant, not +0 these caused by the measurement procedure
itself. In individual SPT holes the CV values varied between 70% (Io. 5)
end 17% (Wo. k), with an average value of kL%, CV values for individual

CLPT holes varied between O {No. 1 and 2) and 16% (No. 3) with an average

of 6%, Again, the observed differences have to be attributed to the measure-
ment procedure followed in the State Percolation Test., Maintaining a
constant water level in the test hole, therefore, reduced the variability

of results substantially.

(4) Bydraulic conductivity (K) values measured,W1th the double tube
method in a confined volume of soil of about 1,000 cm3 (see Chapter 3)
have a significantly lower CV (26%) than the other methods. X values are
well defined goil phygical constants that can be used in physical models
of moigture flow. An infiltration rate such as that measured by the SPT
cannot be congidered as a physical constant because it is affected by variable
boundary counditions in a large, vndefined, volume of soil. TFlow rates can
be calculated if K values for both saturated and unssturated soil, as well
a8 the hydraulic gradients in the scil maberial are known. The gradients
are measvred in situ with tensiometers.

Investigation of operating systems (Chapter 5) has proved that the
s0il around septic tank seepage trenches ig not saturated due to the presence
of crusts of organic mgterisl on the trench surfaces. This implies that the
ligquid moves much more slowly into the soil than would be indicated by the
saturated hydraulic conductivity. The new crust test (Chapter 3) yields
the hydraulic conductivity (K) as a fuaction of moisture content. Using
such X values, flow rates can be predicted for unsabursted soil in accord-
ance with suction gradients. This gpproach will be further explored in
Chapter 0.2.

6.1.3. Interpretation of Percolation Test Results

The infiltration rates measured with the State Percolation Test are
actually all relatively high. The limiting value of 60 min/inch (= 60 em/day)
still represents s congiderszble volume In one day, 150 gallonsg of liquid
would percolste into an area of 1 me (~ 10 sq. Pt), An absorption field of
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only 20 square feet in an uncrusted soil with K = 60 cm/da;y', would be
sufficiently large to handle 300 gallons per day, the average effluent load
for a family of four. In sandy soils an even smaller f£ield would be adequate.
A soil with a percolation rate of 2 min/inch (= 1800 em/day) would need an
sbsorptive area of only TOO cm® (that is less than one square foot) to
handle 300 gallons per day! Practical experience has shown that things do
not work out this way and as a consequence, the State Code (State Board of
Health, 1969) requires a minimum absorption area of 50-85 square feet in
goils with a percolation rate less than 3 min/ inch. Bome systems fail
nevertheless. Percolation test results, therefore, do not predict the
infiltration rates as they occur from geepage trenches. The real rates are
much lower than those given by the test. This hag been known for a long
time (McGauhey and Krone, 1967) but the test has contimually been spplied
since the nineteen twenties primarily because of lack of a better one, and

also because of 1ts proven usefulness in ranking different solls according
to Ttheir relative capacities 4o transmit liguid. The great reduction in
the golls infiltrative capacity by organic crusts on the walls of the
trench (McGauhey and Krone, 1967) has been deemphasized. Since it has been
guite obvious that reagl infiltration rates in disposal fields are much lower
than rates measured by the SPT, empirical research and theorizing have
been relied on to determine "factors" of reduction.ludwig et al. (1949;

see McGavhey and Krone, 1967) sugsested the use of a "factor" of 20. That
is to say, the amount of sewage effluent which may be leached away in a soil
was estimabed to be approximately one-twentieth of the amount of clear
water that could seep through the same soil, in the absence of a crust.
Kiker (1953) stated that soils in Florida would absorb 40 times as much
water as effluvent from settled sewage.

Percolation rates have also been empiriesglly interpreted in terms
of loading rates. Federik (1952) introduced the formuls:

Q= 5/t

vhere Q = the loading rate in gallons per day per sg. £t. in a tile Tield
and t = percolation rate in min/per inch. Kiker (1953) introduced:

G = 29/t + 6.24
where G = Q of the previous formula.

In the original approach of Ryon, who introduced the test in 1928,
percolation rates and loading rates were measured gt several sites. Those
values were plotted in a figure (see Fig. 6.2 after McGauhey and Krone)
and & line was drawn arbiirarily separating systems where all applied liguid
was ebsorbed by the soll from those where overflow occurred. Criteria,
relating loading rate and sizing to percolation rate, as derived from this
type of graph, are still being used. According to this approach the percola-
tion rate is reduced by a factor varying from 20 to 2500, depending on the
location of the system on the chart. Data reported gbove show that the
interpretation of percolation test resulis is empirical and that effects
of gpecific soil factors are intertwined with those of many factors of
systen management or congbruction, all of which together determine whether
or not a system overflows., Knowledge of the hydrauwlie conduetivity character-
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Fig. 6.2. Graphical expression of the relationship between
system performance, soll percolation rate and lcading
rate of subsurface disposal systems. ZEach point
represents an overflowing system (after McGauhey
and Krone, 1967).

1stlcs of soils will make it possible to consider soil factors separately
(Section 6.2), Crust resistance and rate of application of effluemt are

not constant factors but vary as g function of the dosing regime. This
points to an oversimplification in the Percolation Test. There is no gingle
Tixed permeability value, whether for saturated or unsaturated soil, that
will sufficiently characterize a potentially dynamic soil-system around a
seepage bed. Rather, there is a possible range of permeability values,
characteristic for each soil material, that may be represented by a K-curve,
which gives infiltrsbion rates at unlt hydraulic gradient in a one-dlmen51onal
flow system. Iocading rates, pretreatment and the distribution of the effluent
in the bed will determine at what rate, lying within this certain range, the
soil absorbs the liquid at any given tlme.

Percolation tests or measurements of K emphasize hydraulics. The
problem of liquid waste disposal, however, is very much a problem of dis-
posal of excess nutrients (nltrogen and phosphorous) and harmful micro-
organisms., Therefore, an adequate study of the problem of liguid waste
disposal from septic systems through soil absorption can only be made by
considering all those interrelated factors together. These aspecis will
be further discussed in Sections 6.2 and T.

6,2, The occurrence of unsaturated flow phenomens around seepage beds

6.2,1. TIntroduction

Regulks obbained from monitoring operating seepage beds in several
soils (Section 5), indicate the occurrence of unsaturated soil materials
below and at the sides of the bed, while effluent is ponded inside. This
condition may result from a variety of causes. Bouwer (1959) has shown
that considersble soil moisgbure tensions may pertain around a filled tile
line due to divergence of flow lires (even wilthout any physical barrier to
flow at the interface of the tile and the soil)., However, the flow system
ig quite different below a three or four feet wide seepage bed, where flow-
lines, except for the edges of the bed, will be more vertical and parallel.
Then the phenomencn can be explalned by assuming the presence of an impeding
layer, a "crust", at the infiltrating surface, which has the effect to
prevent saturation at the subcrust boundary even though the crust itself is
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subject to a positive hydraulic head (Hillel and Gardner, 1969, 1970a).

As crust resistance increases, the degree of saturation and, as a result,
the infiltration rate into the suberust soil, decreases (see Chapter 2.4).
Crusting or clogging of infiltrative surfaces in seepage beds hasg not bheen
studied separately in this project, but its effects were observed. A
brief literature review will be given on the processz of soil crusting and
soil pore clogging.

6.2.2. The process of soil pore clogging

6,2.2,1. TIntroduction

The experimental resulis reported in Section 5 and percolstion test
results discussed in Section 6.1 clearly demonstrate that the short fterm
infiltration rate of clean water is not a good measure of the long herm
cgpacity of a soil to accept effluent. A distinction has to be made between
infiltration at the interface between soil and ligquid and the potential
pereolation rate of water once it has enterved the porous structure of the
soil (McGauhey and Krone, 1967). Hillel and Gardrer (1969, 1970a, 1970b)
studied the effect of impeding layers on infiltration, in guantitative
terms, relating the infiltration rate into crusted soil to basie hydraulic
properties of the crugt and the underlying soil. The effect of an impeding
lgyer present over the top of a soil column during infiltration is to decrease
the potential head at the soil surface, thus reducing the driving force, and
to decrease the soil water content {(and correspondingly the hydraulic
conductivity) of the infiltrating column., The crust test procedure
(Section 3.2.4t) is based on these principles. Processes of soil clogging

at the interface of soll and seepage bed create such an impeding layer under the
influence of several factors (McGauhey and Krore, 1967, p. 39~T0):

1. The physiecal factor. The following subfactors combribube to clogging:
compaction of seil by machinery at the site of construction of a seepage bed;
smearing of soil surfaces by the exXcavation equipment; concentration of fine
particles in the upper few centimeters of soil by vibration during construc-
tion; concentration of fire particles by raindrop impact.

2. The chemicgl factor. Ion exchange, after introduction of sodium
through water softening, may lead to deflocculation of clayey soil st low
salt concentrations st the soll-seepage trench interface.

3. The biclogical and organic factors. A black, slimey concentrate
of organic matter and assccizted minersl colleids and growth of micro-
organisms on the surfaces of walls of seepsge trenches constitutes the most
restrictive clogging layer of the system.
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6.2.2.2. Biologic clogging of infiltrative soil surfaces

A percolation rate curve for prolonged water and sewage spreading on
a soil core, as determined for silt loam soil aggregates of sizes between
2 and 4 mm (bulk density 0.9), is shown in Fig. 6.3. The strong decrease
in infiltrgtion may be caunsed initially by slsking of the soil surface. The
longer-term decrease in permeability and the increase of suberust soil moisture
tension, however, may result from microbial activity as has been demongtrated
by Allison (1947). By applying sterile water to sterile so0il, he showed
that this decrease did not occur in the absence of organisms and that the
relatively high rate achieved initially is maintained indefinitely. The
infiltration rate decreaged only slightly less rapldly in our experiment when
distilled water was applied instead of effluent. The microbilal action involved
in the decline in permeability is primarily that of anaserobic organisms in
accumulating organic material in the soil pores (McGauhey and Winneberger,
1964). In well drained soils, aerobic organisms are active in breaking down
such compounds. This process is stopped by saturation, even with bacteria-
free water, and conseguent blockage of gaseous diffusion of oxygen (Thomas,
et al., 1968) into and within the soil system. Dissolved oxygen carried
down by water is inadeqguabe in amount to maimtain the asrobic environment
recessary for decomposition of organic matter. The existence of reducing
conditions at the wall of the trench iz indicated by a dark gray to gray zone,
as much as a few cm thick, in sandy soil adjacent to a black cogting on the
bottom of the seepage bed.
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Pig. 6.3. A percolation rate curve for prolonged water and sewage spreading
on soil cores.
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Thomas, et al. (1966) studied biological clogging of sand in lysimeters,
that were dosed at a rate of 5 gallons/day/sq. ft. A sharp decline in
infiltration rate coincided with the onset of anaerobic conditions azs indicabed
by cessation of nitrification. Sulfide sccummilation resulted from the
snaerobic environment and was not considered to be a primary cause of clogging.
The clogging mechanigm under anaeroble conditions was correlated with build-up
of high contents of polysaccharides, polyuronides and organic matter in the
first em of the goil, that accounted for 85% of the total impedance over a
thickness of 0-6 cm of soil. 'The recovery of the infiltration rate after
seration resulted from destruction of the clogging compounds that had
accumilated under anaerobic conditions. Mitchel and Nevo (1965, as cited
by McGauhey and Krone, 1967) aleo showed a positive correlation between
accumulation of polysaccharides in the soil profile and reduction of its
infiltrative capacity. These workers suggested the operation of a dyrnamic
equilibrium at any level of aeration between polysaccharide-producing organilsms
(anserobic), and polysaccharide-destroying organisms (aerobic).

Harris et al. (1966) demonstrated an increase of soil aggregate stability
in surface soil after addition of sucrose, as g result of microbial produc-
tion of organic compounds, both under aerobic and anaserobic conditions.

Rateg of decomposition under aerobic conditions of compounds thal were pro-
duced anserobically proceeded rapidly at temperatures over 15°C, and much
slower at lower tempergbures. Decompogition and synthesis of the organie
compounds is accomplished not by a single type of bacteria but rather by a
population of types se determired by envirommental conditicns.

Clogging of the bottom area of seepage beds appears to start at the
point of inlet and to progress thence, All sgiudied systems of the conven-
ticnal type, while in continuous use and over six months in age, sppeared
to have a crust st the bottom and part of the sidewgll of the seepage bed,
as indicagted by ponded efflvent in the trench and unsaturated soil ground it.
The only exceptions found were a young system in Adams County (Site 3, Fig.
4.1; and Chspter 5.2,1) and an clder system which had not been in use for
geveral weeks (Pickerel lake, at Site 12, Pig. U.1; and Chapter 5.2.3).
Relatively new systems studied near the University of Wisconsin Hancock
Experirmental Farm {Site 10, Fig. %.1; and Chapter 5.2.1), rear Dardis Iake
(site 24, Fig. L.1; and Chapter 5.2.3) and near Black River Falls (Site 17,
Fig. k.1; and Chapter 5.2.7) contained ponded effluent in only the part of
the geepage beds adjacent to the inlets. The remainder of the beds gpparently
had not yet received efflvent. The following picture of progressive crusiing
of seepage beds emerges Pfrom the experimental evidence {see Fig. 6.51).
Seepage beds zre fed effluent by gravity flow. The more or lessg conbtinuous
trickle of effluent entering the pipe that leads intc the gravel bed will
periodically increase in volume when large volumes of liguid enter the septic
tank during the day and will dwindle during the night. The pipe in the bed
is perforated. Sometimes holes (5/8" diameter) are only at the bottom of
the pipe, at spacings of about 3". The modern Orangeburg perforated pipe
has two rows of 30 holes each per ten~foot segment. These two rows are found
in the lower half segment of the pipe at a 45° angle with the vertical. fThe
purpose of this is to create o flow system in which effluent moves down the
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whole length of the pipe before flowing out of the many holes at the side.
This mechanism however, is very easily disturbed by slight varigtions in
the slope of the pipe and from our observations we conclude that in both
cases, that is with holes b the bobtom and with two rows of holes at the
sides, efflvent ig discharged from the pipe at a point close to the inlet
point. The soil below the gravel~filled seepage bed at that point, then,
receives a more or less continuous trickle of effluent. This leads to
bilogenic crusting, and conseguent reduction of movement into the soil and
ponding of effluent at that point. This foreces some effluent to flow along
the bobtom of the trench until it encounters fresh uncrusted soil with a
gtill relatively high permeability. This movement progresses until the
whole bottom area is crusted, effluent is ponded in the bed, and soll below
the crust is unsaturated.

TRADITIONAL SUBSURFACE SEEPAGE BED:
Gravity flow; continuous trickle of effluent.

V

Equilibrium

Fig. 6.4, Progressive crusting of the infiltrative surfaces of subsurface
seepage beds.
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6.2.3. The significance of unsaturated flow phenorena.

Flow of liguid in unsaturated soll materizsls proceeds at a much slower
rate than in saturated soil, and flow cccurs in the fine pores only
(Chapter 2.4). This is potentially advantageous from a viewpoint of purifi-
cation of effluent by procesges of filtration and absorption, Tbecause
average distances between effluent particles and the solid soil phase decrease,
while the potential time of contact increases. This can be illustrated for
two examples, using physical theory as discussed in Chapter 2.4. Pig. 6.5
shows a thin section of the € horizom of a Plainfield losmy sand, which has
a medium sand texture. At saturation, K = 500 cm/day. Congidering the water
filled porosity az derived from the moisture retention curve, the flow
velocity in the soil pores themselves can be estimated (Chapter 2.4). This
velocity can be used to derive the time necessary for the liquid %o travel
one foot (30 cm), assuming a hydraulic gradient of 1 cm/cm due only to
gravity. ILarger pores empty at increasing tensions and X decreases correspond-
ingly. Calculated travel times increase from 33 minutes at saturation to
13 hours at 30 mbars and 300 days at 80 mbars of soil moisture tension. The
corresponding time intervals in Fig. 6.6, derived for a sandy loam till
occurring as the IIC horizon in a Saybrook silt loam, are different because
of the different pore gize digtribution. The K., valuve of this soil material
is Lower (80 em/day) and the corresponding travel time is longer (3 hours),
Due to different moisture retention characteristics and a different K curve,
travel times gt higher tensions are different such that they increase from
30 hours at 30 mbars to O days at 80 mbars tension. Similar values can be
caleulated for intermediate tensions. Results are graphically expressed in
Fig. 6.7; including observations for a B2 horizon of a Plano silt loam and
for a B2 horizon in a Hibbing loam {clay). The moisture retention curves
of these horizons were presented in Fig. 2.3.2. snd the K curves in Fig. 2.h.k,
The lines in Fig. 6.7 illustrate the specific behavior of the different
g0ll materials., Bacterilological studies of die-off of fecal organisms as
a Tunction of time can make this type of data useful in defining the neces-
gary distance of soil filtration as s function of moisture content,

Very high molsture tensgions below heavy crusts in seepage beds would he
most favorable from a viewpoint of soil Tfiltration. However, this would
reguire inordinately large seepage areas to dispose of the considerable
gquantities of effluent ugually produced. TFor example, ab a moisture tension
of 80 mbars in sand, the K value is 0.1 mm/day. An area of 12000 m?

(almost three agresj would te needed to dispose of 300 gallons per day.
This, of course, would be prohibitive in terms of cost of a subsurface gravel-
filled seepage bed, and would be more analogous Lo spraying of effluent on
the soil surface over a ferm field. The limited areas available around
homesites agnd the cost of installation of a gravel ved, therefore, present
important criteria for permissible sizing of seepage beds, which is opposite
to the one based on maximum filtration. Obvicusly some compromise between
these two kinds of criteria will have to be defined for each goil material
as a function of its hydraulic characteristics. In Fig. 6.8. an attempt
was made to do thig for the major soil materials investigated. The studied
soil horizons are the same as those discussed in Fig. 6.7. The hydraulic
conduetivity curves of the various soil materials, as measured in situ in
the field with the crust-test procedure, were used for each soil material
to show the characteristic range of infiltration rates (at a hydraulic
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Fig. 6.5. Occurrence )and movement of liquid in a saturated and unsaturated sand (C horizon of Plainfield
loamy sand).
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Fig. 6.6. Occurrence and movement of liquid in a saturated and unsaturated sandy loam (IIC horizon of a
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10,000
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] sandy loam
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TRAVELTIME OF LIQUID FOR ONE FOOQOT (30 cm} OF SOIL (HOURS)
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SOIL MOISTURE TENSION (MBAR})

Fig. 6.7. Traveltime of liquid for one foot of soil
gt different soil moisture tensions, cal-
culated for four soil materials.

gradient of 1 cm/cm equal to K) in a hypothetical one~dimensional flow systenm
below the gravel bed. Ky« (P = 0) would represent the infiltration rate
into an uvnerusted soil surface, and K decregses in charsgecteristic patterns
with incregsing soil crusting, and increasing soil moisture tension., A lower
limit of allowsble infiltration rate, based on practical and economical
criteria was tentatively defined as approximately 2 cm/day (see lower hori-
zontal lines in the curves of Fig. 6.8) based on a seepage bed area of 1000
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sq. £5. (90 m?) and a daily loading rate of about 300 gallons (1200 L or dm3),
An upper limit of allowable infiltrastion rate (the upper horizontal line in
the curves of Fig. 6.8)is harder to define, as this will be a function of
travel time at saturation and at very low suctions and of specific structure
characteristics, such as the occurrence of worm charmels or large continuous
cracks. The available range in the clay soll wasg s¢ small that only the
lower limit was pictured in Fig. 6.8. A tension of 10 mbar was tentatively
selected as the critical upper level for the silt loam as this tension is
sufficiently high to keep extengive worn channels from being f£illed with
effluent. For the sandy loam and the sand, tensions of respectively 10 and
30 mbars were tentatively selected as the wpper limit. A travel time of
about half a day per foot of s0il corresponds with that value for these

soil materials (Fig. 6.7). Shorter or longer times may be derived later from
additional experiments. The travel time of half a day per foot is only

given here as an example of the general approach. The creviced limestone
bedrock, representative for subsoil conditions at shallow depth in Door County,
presents a different situation as liguid can only move in the crevices, since
movement lnside the limestone itself is impossible. As a conseguence a very
high infiltration rate alt saturation drops down to virtually zero as the
crevices empty with increasing tension. In the real field situation, a thin
loamy soil mantle covers the creviced bedrock. Liguid moving down through
the usvally unsaturated topsoil will sccumulste at the surface of the bedrock
until saturation is achieved, followed by flow of ligquid into open crevices.

1000, CLAY . SILTLOAM  _SANDY LOAM SAND _ CREVICED
™ LIMESTONE

100 ) | 1y |

K (cm. /day)
3
V
L

14 “'\,_‘.' \"'-.. E ‘\\ \\ 4
"'\.... N \‘
0.1 o ;00 —r————— | — — -
P (mbar} (2} (3) (4) (5}
(1)
PROBLEMS:

WITH INFILTRATION
[ — no crusting
R e moderate crusting

strong crusting

WITH PURIFICATION

R R "o crusting

o e TR Moderate crusting

0 e T RERETTESEERE. strong crusting
Surface -water poliution Groundwater pollution

Fig. 6.8. Potential of different soil materials for liquid waste disposal,
expressed as a funection of the hydrauiic conductivity curve.
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The delineated sections on the K-curve graphically express soil potential
for liquid waste dispeosal defined here as a range of acceptable infiltration
rates. Mansgement of a disposal system should be directed towards establish-
ment of an infilitration rate in this range, elther by manipulation of crust
resisgtances, 1f feasable, or by means of a specific method of application of
effivent to the soil.

The sandy loam soil material has, in this conbext, the widest potential:
the suitable range of tensions is from 10 to 60 mbars. Sands (range 30-40
mbars) and silt loams (range 10-25 mbars) have a smaller potential and the
subsoil c¢lay is too low even without crusting.

Results of monitoring conventional systems as reported in Chapter 5
showed that 6 crusted systems in sand had a degree of crusting corresponding
with tensions varying within a narrow range of 20 to 26 mbars which is some-
wheat lower than the tentative limit value of 30 mbar. Heavier crusts were
not observed in sands in this study. This does not necessarily mean that
such heavy crusts could not exist. However, we believe that the primary
cause of failing of systems in sands, as observed when effluent backs wp into
the basement of a home or surfaces above the ground surface, is due to over-
loading of the system, or, what is eqguivalent, undersizing of the seepage bed.
Crusting is the best thing that can happen to a seepage bed in sand, provided
that the size of the bed is sufficiently large to absorb all effluent at the
reduced flow level. The K curve provides s quantitative criterion for sizing,
and 1t is suggested to use the X value at 30 mbars, which is uwsually around
5 cm {2 inches) per day, as a representative infiltration rate.

The two systems observed in sandy loam till (Section 5.2.4) were initially
severely crusted with a subcrust tension of 80 mb, well above the lower limit
of 60 mbars, Aeration of the bed and intermititent application of effluent
were found t0 be the means of bringing the infiltration rate within the
desirable range of 10-60 mbars (Section 8.2.1). The systems studied in clay
or clayey till (Sections 5.2.3, 5.2.5, and 5.2.6) failed because of low Koot

A visualized summary of problems with soil disposal systems in different
soils, as indicated by thick lines that relate to the type of soil plctured
directly asbove, is presemted in the lower part of Fig. 6.8. A separation is
made between the two main aspects involved: 1. The infiltration; 2. The
purification, congidered as having both bacteriological and chemical aspects.
Soile with a low Kggt value offer problems with infiltration, evidenced by
surface leakage, as was observed at the Ashland, Marshfield and Kelly ILake
sites (Sites 19, 13, and 18, Fig. 4.1). Potentially suitable but strongly
crusted soil materials, like the sandy loam at Arlington (Site &, Fig. k.1)
may offer the same problem. The thick part of the third line from the top,
corresponding with heavy crusting, extends therefore farther to the right.
Pollution problems are evident in terms of surface water pollution when
surface leaksge of effluent occurs. The lower three lines, indicating problems
with purification, are therefore identical with the top three lines on the
left side of the figure. Pollution may also occur, however, when the effluent
moves too fast through the soil, thereby polluting the ground water. This
is most evident in the case of creviced bedrock {sites in Door County) but




Table 6.2, Caleulation of infiliration rates and meoisture tensions below seepage beds slzed

according to the Code, assuming loading rates of 75 gal./person/day.

Percolation test

Seepage ares needed

Corresponding flow, rate

Soil type and horizon Pere. rate  class inszgéefgédémg). and oisture tornaion
2 bedroom 3 bedroom
(4 persons) (6 persons)
C horizon of
Plainfield loamy sand <3 1 170(15.3) 255(23.0) 8 emfday (25 mb)
(sand)
IIC of Saybrook
silt loam 3-10 2 330(29.7)  ho5(Lk.5) 5 cm/day (42 wb)
(sandy loam)
B2 of Flano silt loam
(silty clay loam) 10-30 3 500(45.0) 750(67.5) 3 em/day {12 mb)
B3 of Planc silt loam _
(silty clay loam} 30-15 b 600(54.0) 900(81.0) 3 em/day (10 mb)
Ap of Ontonagon clay 4560 5 660(59.4) 990(89.1) 3 em/day (12 mb)

(clay)

A9T
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also in sands where the problem of chemical ground water pollution may be
quite evident.

The concept of soil filtragtion as a function of unsaturated flow
phenomens discussed herein, does, however, not apply directly to the problem
of nitrate movement to the ground water. Nitrification processes in partly
saturated soil produce nitrates, which are not absorbed and may pollute the
ground water (Sections 5.2.1. and 5.2.7). Figure 6.8 illustrates the
fact that soll materials with a sandy loam, or loamy sand texture are
potentially most suitable from a hydrological viewpoint for use as a purifying
filter in liguid waste disposal.

Sizing of seepage beds according toc gquantitative criteria based on
K curves can be compared with those of the State Code, based on percolation
test results and empirical interpretations (see Section 6.1) {State Board of
Health, 1969). Tt is useful to consider the case of two- and three-bedroom
houses with all utilities, st several soil locations. By way of example we
may take the required sizing according to percolation rate from the Code, and
calculate the resulting infiltration rate (and corresponding soil moisture
tension derived from the K-curve) at a loading rate of 75 gallons per person
per day with 2 persons per bedroom {Table 6.2) and compare these values with
the range of values defined earlier. It follows from Table 6.2 that sizing
according to the State Code yields potential subcrust tensions well within
the desired range, defined previously. It is found, therefore that sizes of
seepage beds as recommended by the Code are potentially satisfactory, provided
that subcrust-tensions don't gradually rise agbove the values in the last
column of Table 6.2.

Finally, attention has to be paid to the method of application of liguid
to the bed. Up to this point in this chapter, unsabturated flow phenomena
have been discussed exclusively in association with crusting of infiltrative
surfaces. As explained in Chapter 2.4, however, steady application of liguid
at a rate which is lower than the saturated hydraulic conductivity will also
result in unsaturated soil. With decreasing rate of application, assuming
that the liguid is evenly divided over the infiltrating suwrface, the moigbure
tension in the soil increases. Improving the current crude gravity-flow
technique of effluent application into the gravel bed (as discussed earlier)
hag the potentigl of yielding a reliable and flexible method to manipulate
hydrgulic conditions without emphasis on biological crusting. A pressure
discharge system inside the bed, for example, working ai regular time inter~
vals at s selected known inmtengity could be used to create the most desirable
moigbure tensions, as defined and discussed In this chagpter, in soil below
the seepage bed.
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T. BACTERICLOGICAL FURIFICATION OF SEPTIC-TARK
EFFLUBNT BY SOIL BERCOLATION

T«l. Introduction

The data on which the following discussion is based are teken from the
study of 19 conventional subsurface soil disposal systems. Some of the
systems were sampled at different times of the year; thus they reflect in
some degree the seasonal variation in bilologiecal activity and conseguent
problems. The bacteriological data are to be found mostly in the tables of
Chapter 5.2 and will be cited here at the appropriate places in discussing
the successful operation or failure of particular systems. The bacteriologi-
cal aspects under consideration are those relating %o 1) public health and
sanitation, 2) activity of both sewage and soil bacteria in the goil
absorption system, ineluding crust formation, and 3) use of pollution indi-
cator bacteria as evidence of water movement within or through the seepage
bed. Because of interaction of sewage bacteris and soil bacteria, both
responding to the gradients of moisture and nutrient as the effluent percolates
through the soil, there sre some complex and interesting aspects of the
bacterioclogical activities.

T.2. Public health aspects

It must be assumed that the fecal bacteria in the septic effluent are
the survivors of the intestinal flora, and that counts of total coliform
(TC), fecal coliform (FC) and fecal streptococci (FS) can be used here, as
in Standard water analysis, to reflect the possible presence of human pathogens,
i.e. Salmonells spp., Shigella spp., etc. Detection of the actual pathogens
in a gewage~-s0il system would be even more difficuit than in a sewage-water
system. The overwhelming nupbers of goil vacteria, as well as their known
potentlial for antagonism, have made it very difficult to detect elther the
pollution indicators or actual human pathogens in nature. Also the natursl
presence of fecal bacteria from wild animsls and insects and from green plants
for at least some of the "total coliform” flora mekes the interpretation of
counts difficult. A recent study of the significance of coliforms, including
Escherichia coli, in the environment has been published by Geldreich (1966).

The picture is complicated by the presence of both coliforms and

streptococel on green plants, especially their buds and flowers. Much research
has been done to account for this and to devise tests to separate this back-
ground pollution from the human fecal pollutioh which concerns publie health.
By using counts of fecal coliform (FC), i.e. elimingting from the total
coliform (TC) the lower tempersture and IMViC -=-++ types, some clarification
is possible., Combining such FC counts with fecal streptococcus (FS) counts
still further differentiates the true fecal pollution., Geldreich (1966)
reports the ratio of FC/FS to be different for human versus animal pollution.
For the fresh feces of man the FC/FS ratio is in the range of 4.4k and for
lower animals ineluding poultry the range is 0.1 to 0.6. These ratios are
sufficiently different that they may be used as partial evidence of the source
of pollution in soils and waters. This approach was tried in the present
study of seepage beds and deta will be reported in Chapter T..4 velow.




Table 7.1 Bacterial counts and FC/FS ratics on samples taken at various parts of

disposal systems, correlated with description of the septic tanks concerned

Sample and site Enterococci Fecal Total Total RC/RS || Crust Est. Sentic Tank Disposal
coliform | coliform |bacteria | ratio liquid tank detention field
input size time area .,
(No./ml) (No./ml) {No./ml} |(No./ml) { gpd)} (gal.) (days) (£t.7)
Septic tanks
Clark County
Mound system 1 20 1000 44,000 2.24}(107 50,0 7 450 750 1.67 600
Adams County 7 %
System 6 420 18,000 57,000 7 50%10 42.8 + 300 750 2.50 800
(weak){
390 13,000 48,000 | 9.00x107| 33,3
100 15,000 | 46,000 | 2.40x107}150,0
Black River Falls 9
{series tanks) 1 500 3,000 34,000 | 2,06x10 6.0 + 5600 2000 0.36¢ two beds
{or 0,72 2400
2 230 4,000 48,000 | 2.20%10°| 30,5 5600 2000 combined)| (one in
use)
Distribution boxes
Black River Falls 300 7,000 | 27,000 | 3.90x10°| 23.3
Doox County 6 #*
Mound system 1 1330 3,000 9,300 2.,33x10 2.3 - 1500 2000 1,33 2000
Mound system 2 2610 6,000 18,300 1.83x107 1.5 - 375 750 2,00 400
Mound system 4 5760 1,160 10,400 | 6.71x10%] 0.2 - 225 750 3,34 500
}-..J
=
Arlington 260 4,000 16,000 l.23x107 15,2 ++ 80 750 9.37 400 O




Table 7.1 (con't.)
Sample and site Enterococci| Fecal Total Total FC/¥S ||Crust | Est. |Septic Tank Disposal
coliform |coliform (bacteria |ratio Liquid tank detention field
- input size time area
(No./ml) {No./ml) [(No./ml) (No./ml) t { gpd) (gal.) (days) (£t.°)
Trench liquid
Clark County 6 "
Mound system 2 350 5,000 34,000 5.37x%10 16.7 + 300 750 2,50 400
Adams County ; two
System 4 1,170 10, 300 45,000 | 9.86x107| 8.8 + tanks 2740
2009@
System 5
{ sampled) -
7/22/70 130 40,000 220,000 1.13x10 308.,0 + 360 750 2,08 400
11/17/71 41.3 640 23,500 | 4,00x10%| 15.5
11/17/71 14.0 26,7 3,670 | 1.80x10° 1.9
( surfaced liquid)
Dry wells
Steven Point "
System B 5,370 900 32,500 | 10%-10° 0.2l =
System E 240 200 18,000 1.00X105 0.8 7
System F 650 10,000 | 40,000 | 1,45x10%| 15,5 =
Svstem H 3 1,000 31,500 6.00x105 333.3 +

* effluent

known to be unevenly distributed over the
disposal field area is not in use,

seepage bed area.

Thexefore, entire

LT
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The total coliform counts (TC), which include the FC and the soil and
water types such as the various IMVIC patterns of the A. agrogenes group
(which itself ig =~++) are of some value in studying the coliforms in
sewage~soil systems. When TC counts are significantly higher in the system
than in the adjoining natural soil, the interpretation is that they come
from the sewage pollution source. However, it should be noted that the
count would also include the coliforms and strepbococei (emterococei) of
the natural soil, and perhaps they multiply in response to moisture and
nutrient of the septic percolation water. IL is known that increasing
moisture up to 60-80% of the water holding capacity of the soil will increase
vacterisal activity. However, water-logged or sabturated scils cause a
decrease and/or change of kind of bacterial activity. Therefore moisture
addition from septic effluent should be detectable by observing changes in
the microflora of the soil of the zeepage bed. With increasing distance
from the drainage tile there 1s a gradient of influence and finally the
natural soil microflora. Data of this sort have been collected as total
bacterial counts (TBC), and they help to interpret the water movement and
influence of the sewage 1in the subsurface disposal.

7.3, Conventional systems analyses with bacteriological interpretation

T.3.1. Detajiled study of Adsms County System 5.

Detailed data on the bacterial populations for a single system (Table 5.12
for Adams County System 5) will illustrate the general picture for all. However,
additional data on other systems studied msy be found in Chapbter 5 (Tables 5.2,
5.4, 5.7, 5.9, 5.1k, 5.16, 5,19, 5.20, 5.23 and 5.28). Fig. 7.1 concerns
the Adams County System 5 and it relates the counts for TC, ¥C, FS
(= Enterococcus), and TBC o the position of the samples taken in the soil
below the seepage bed. Thege samples were obtained by excavating and thus
are mois§ soil samples (not test well samples which will be discussed later
in 7.3.3).

The counts on the septic effluent entering the seepage field are
typieally high for all bacterial types counted; it should be noted also
that the TC and FC counts are nearly the same and the FS counts are lower
by an order of 10, as is expected for human feces. All three of these polliu~
tion bacteria are rapidly removed by soil adsorption below the trench.
So also are a great many of the gereral bacteria of the septie effluent as
shown by a drastic drop in the TBC count. So far as numbers sre concerned,
the pppulation in the seepage bed is reduced within 2 feet below the trench %o
about the level of population in control soil. The agbrupt drop in numbers
occurs in the so-called crust or clogged zone which in this system is limited
to less than 2 inches just below the trench. Detailed counts in the crust
zone of the Adams County System 5 and of & Black River Falls system are
also presented in Fig. 7.2. Efficient removal of the pollution and other
bacteria in the crust is confirmed.
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173



obtained\

from below
adsorption
bed ‘\

cm. slices

BLACK RIVER FALLS
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ADAMS

BACTERIAL COUNTS IN CLOGGED ZONE
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2 %% * % 20 x 10° X X X 1 x10°
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Fig. T.2. Bacterial counts in soil samples taken in the clogged zone (7 cm) of the systems in Black
River Falls and Adams County (No. 5).
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7.32.2. The crust zone and nature of its bacterial population

A crust or clogged zone immedistely below the distribution trench is
found in most seepage systems (probably in all of them eventually because
such a zone develops with age and accumulation of organic aggregates). A
clogged zone reduces the hydraulic conductiviity and causes ponding of the
effluent in the trench. A darkening, due to the presence of iron gulfide
defines the zore and implies a prevailing anserobic condition within the
rone.

The bacteria within the crust are not necessarily anserobic but can be
facultative types functioning anaercobilcally. Such would be the case of
the coliforms, streptococci and many of the TBC backteria. The moisbure
tension below a heavy crust in z sand %o loamy sand soil is usualiy 20-25
mbarg. It is not possible from the data svailgble to gay whether the high
bacterial population in the crust results from trapping by adsorption or
from growth. Probably both processes oceur, since nubtrients, moisture, pH
and temperature are generally favorable. One bit of evidence for growth
in the region is found in the counts for soil actinomycetes. They were
not found in the crust proper (because of its anasrobiosis) but large
numbers were found in the svberust region, decreasing with depth to near
the numbers of actinomyeetes in the soil at aboubt 100 cm depth. This
high actinomycete population is probably due to favorable moisture and
nutrient in the unsaturated, therefore oxygenated, zone under the trench.
Such populations of actinomycetes, as well as Pseudomonas and Bacillus
gpecies which were azlso found in the same region and for the same reasons,
are probably important. A1l three of these groups of bacteria are active
producers of antibiotics and thus may play an important role in the
die-off of the fecal coliforms and fecal streptococci.

The bacterial populations in new systems with recent crusting are also
interesting. As illustrated by the Black River Falls system (Table 5.27
and Table 7.1) the septic effluent entering the drainage system is typically
high in all counts and high in the FC/FS ratio., This system had only
been operated for a gix~week period. The detention time of sewage in the
tank was only 0.36 days compared with 2-3 days for the Adams County systems
and in excess of 9 days for the Arlington system (Teble 7.1l). Crusting was
well developed from a hydraulic point of view in the bottom area of the bed
adjacent to the inlet where the samples were taken (see Chapter 5.2.T7).
However, a relatively low adsorption of TC, FC, and FS occurred in this
recently formed crust zome (Fig. 7.2). As a result the TBC as well as
the pollution types TC, FC and even FS were detected as much as 15 cm
below the base of the trench (Table 5.27). Another indication of the
tendency for septic effluent bacteria to be transported to greater depths
in the Black River Falls system wag seen in the presence of a distinctive
colony type in samples from near the trench to a depth of at least 45 cm.
This organism has a distinctive blue color on EMB plates and is easily
recognized. While it is not a familiar pollution type, it was characteristic
of this system and was never found in the control soil samples tested.
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The significance of the trapping of bacteria in the crust should be
noted. Although the crust is only a few centimeters or inches deep and has
a very high bacterial population, it is highly efficient in adsorbing and
holding both germeral and pcllution bacteria. If the crust is poorly or
unevenly developed, there is a chance for the bacteria to slip through and
penetrate more deeply into the subbtrench bed. Thus the crust is good in
function, unless it is very heavy and csuses clogging to the point of
causing seriocus ponding.

A second point of interest at the Black River Falls site was the

temperature range found in the bed. One foot below the trench the tempera-
ture was 23°C whereas in the comtrol soil at the same depth it was 18°C on

October 21, 1971. Such a thermal advantage for the seepage bed may have

g great deal to do with survival and possible multiplication of both general
and pollution bacteria. More studies should be done including the warm
menths of the year, to evaluate the effects of Lemperature in the system.

A third observation was made for all systems that developed crusting
but the phenomenon was particularly well developed in the Dardis Iake system
(Table 5.19). The TBC plates for samples taken at the crust zone and a
few centimeters below it, showed both a very high count and a transitional
type of flora from that of sewage to that gf natural goil. For the Dardis
Izke system the TBC numbers were 1.0# X 10 /g of moist crugted soil, dropping
to 4.6 X 107 "imediately below the crust” and to 7.5 X 10% at the 50 cm
depth below the crust. More importantly, the plates for the crust samples
showed a very high proportion of pigmented colonies (s 40P were yellow,
orange and pink or reddish) whereas by the 50 cm depth < 10% were pigmented.
Normal soil plating shows various white and cream-colored colonies with few,
if any, of the pigmented types discussed above. It is interesting that the
high proportion of colored bacteria should be found underground and that they
appear like thesge in natural surface waters. The bacterial activity of this
modified flora at the crush and sub-crust zones should be studled further.

Te3.3. Ground-water monitoring

One way of studying the effliclency of purification of geptic effluent,
as 1t passes from the drain tile downward and outward in the seepage bed,
is to monitor the numbers of bacteria in the walers of test wells, located
strategically in and near the absorption field (conventional system). The
construction of wells and methods of sampling have been described in Chapter 3.h.

Waters in such wells are asmmed to reflect the bacterial population of
the smrrounding ground water. The presence of pollution bacteris in them
would evidence escaping pollution. Higher total bacterial counts (TBC) occurred
in wells which were near the drain tile or in the direction of the ground
waber gradient away from the field. The distances exhibiting this transition
are variable with the characterigtics of the system and soil conditions.
The Pickerel lLake system, Dardis Iake system and Adams County System L
illustrate this trend promouncedly (see Chapter 5.2.3., Tables 5.19 and 5.20 and
Chapter 5.2.1.6, Table 5.9).
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Possible explanations for the high counts in the ground waters near the
drain tile ineclude: 1) high bacterial activity (growth in the soil due
to increased moisture and nutrients from the septic effluent with subsequent
movement of high numbers of bacteria to the ground water, 2) growth of
bacieria in the ground water due to nutrient in the percolate and 3) possibly
moverent of original bacteria of the septic tank flora into the ground
water, especilally if the crust is weak or absent. The numbers of such
bacteria moving to the ground water would he inverse to the purification by
soil adsorption. Thus the kind and depth of soill in the crust and of the
soil below the seepage bed would determine how many such escapees there
would be. Characteristics of the different systems would determine which
factor was operating to account for the populations found in well waters.
For example, Wells B2 and B3 at the Adams County system 4 {Table 5.9)
had TBC counts 10 to 100 times those of other wells at this site. Wells B2
and B3 tapped a perched water table believed to be primerily the water of
the septic tank effluent. This perched water was mounded on & clay lens
30-35 feet from the surface whereas the true ground water level was at
50 feet. Chemical analyses of the N and P in these well waters bear out
their difference from the true ground water (Chapter 5.2.1.6; Table 5.10).
Fecal coliforms (FC) were not detected in the Welle B2 and B3, but total
coliforms were somewhat greater than in the true ground water. The celiform
isolates from these wells were found to be Aerobacter aerogenes varieties
T and II (IMViC patterns --++ and its variations). A few exceptions were
noted, e.g. Well 4 of System 2 in Adams County and Well 6 at Dardis Iake.
At the Adams County site (see Chapter 5.2.1. and Table 5.4) the general
ground water table was within 2 feet of the ground surface and it fluctuated
to above the base of the trench with seasonal changes. Under these condi=-
tions the coliform isolates included IMVIC patterns agsociated with E. coli
variety I (++--) and E. freundij (-+-%* or ++-+). Thus actual fecal pollution
types can pass from the seepage bed to ground water and thence to wells.
This possibility emphasizes the importance of standards which set the
minimum distance between the distribution system and the ground water.
Possible fluctuation of ground-water level should alsc be considered, when
setting the dlstance for a given installation.

T.3.4. Dry well studies (Stevens Point area)

The dry well disposal part of some conventional septic systems is
analogous to the drain tile bed in others. In general the dry well serves
to transmit the anseroblc septic effluent outward and downward to the absorb-
ing =0il and in the process provides more or less aerobie conditions.
Bacterial counts for TBC, TC and FC, and FS on the liguid within the dry
well have shown great variation (Pable 5.17). Although the s0il near only
one of the wells was excavated, it appears from the dsta for the soil samples
(see Table 5.16) that the FC and FS removal in the soil directly below the
well was similar to that found in adsorption fields in sandy soil in which
a moderate crust had developed. Samples taken from soil at the side of
the dry well, however, showed that FC and FS had been transported outward
about 30 em. This could be explained by considering that the crust on
the sides of the dry well would be wesker than on the bottom. The weak crust
could result from fluctuation in depth of water in the dry well, permibiing
grester hydraulic conductivity of the unclogged soil and consequent

rapid horizontal movement of the waste water.
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7.k. FC/FS ratios and their interpretation

It was of interest to ecalculate FC/FS ratics for some of the systems
and for different points of sampling within a system to see how the
Geldreich interpretation of ratios could apply. As was said before (Chapter
7.2) high ratios of 4 or more would indicate the human type of fecal flora
and would be of greater public health concern than would the low ratios
of < 1, which are said to be typical of background fecal pollution by animals
in nature.

Table 7.1l gives characteristies of 20 of the systems studied and groups
them as to samples from: Septic tanks, Distribution boxes, Trench liguid,
and Dry wells. The table also gives the physical parameters of the systems
as well as the bacterioclogical data on samples at these four parts of the
systems. The high FC/FS ratios of 30-50, rarely even higher, pertain to
the raw septic effluent. Only 3 instances of low ratios were found and
they apply to & Door County mound {No. 1; see Chapter 8) and 2 dry wells
at Stevens Point (B and E) which are in the < 0.5 range, considered by
Geldreich ag typical of umpolluted or animal polluted natural waters, which,
of course, they are after soll puwrification. The very high ratios in the
septic tank samples as compared with Geldreich's figure of k.l for human
feces could be explained if there were greater die-off of FS than of FC in
the septic tanks. The detention time in the septic tank may also be a
factor. While the data presented are insufficient to support a particular
FC/FS ratio as prevailing in septic systems, it does appear as high or
higher than reported by Geldreich. It could therefore be of gome value in
interpreting pollution in percolating waters where the absolute numbers
are so low ag to be meaningless. More work should be done on this problem.
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8. SOIL DISPOSAL SYSTEMS FOR PROBIEM SCILS

8.1. Introduction

Problem soils for subsurface liguid waste disposal are soils that are
very slowly permesble, permanently very highly permeable (see Fig. 6.5),
with water table or bedrock within three feet of the surface, or that occur
on slopes exceeding 10 to 20%, the exact slope depending on the percolation
rate (State Board of Health, 1969). Very slow permeability mey result from
either a permanent very low saturated hydraulic conductivity {clay soils,
Chapter 5.2.5; or clayey till soils, Chapters 5.2.3 and 5.24 ) or from a
regigtant crust on surfaces of trenches in highly permeable soil material
(sandy loam %ill, Chapter 5.2.14), Potential for subsurface liquid waste
digposal is ingufficient for the first group of slowly permeable soilg and
alternative means of disposal have to be explored. One alternative to a
conventional system in such soils ig the "mound" system, to be discussed
in Chapters 8.3.1.1, and 8.3.2.3. Soils of the second group do have the
potential for on-gite subsurface digposal, provided that important revisions
are made in the traditional management procedures that lead to failwure.
This aspect is to be discussed in Chapter 8.2. Permanently very highly
permeable soils that are shallow to creviced limestone bedrock are obwviously
unsuitable for the installation of a subsurface seepage bed. An alternative
is again a "mound" system, with characterigtics to be discussed in Chapters
8.3.1.2 and 8.3.2.k through 8.3.2.7. Soils with high ground-water tables
have only neen investigated in one case, since well drained soils were the
obvious first choice for this study. A mound system, built over an imperfectly
drained Humbird sandy loam with periodic high ground-water table was studied
in Clark County {(Chapter 38.3.2.2).

8.2. Intermittent application of effluent or dual-bed sysiems

8.2.1, Introductlon

Continuous application of effluent in a seepage bed leads to eventual
clogging of the soil. Intermittent application or dosing of effluent has
proved to be effective in laboratory test columns in reducing crusting.

The dosing procedure permits oxidation of clogging components in the emptied
column (McGavhey and Krone, 1967; Popkin and Bendixen, 1968; Thomas et al.,
1966). This principle was applied to an actusl septic system at site number L.
Dosing wasg conducted using a strongly crusted seepage bed in sandy loam
glacial till that had a potentially high permeability (Chapter 5.2.4).
Results are given in Chapter 8.2,2, An alternative procedure is to build
two identical seepage beds, each fully sized according to the State Lfode.
Bffluent 1s alternately introduced into one bed and then the other, on a
time schedule that prevents the development of resistant crusts in either.
Oxidation of the cruste tekes place while a bed sits empty of effluent.

A new dual bed system has been constructed in sandy soil in Black River
Fallg. This ig discussed briefly in Chepter 8.2.3.
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8.2.2. Arlington study ares

8,2.2,1. Introduction

The soil disposal system at the Poultry Farm of the University of
Wisconsin Experimental Farms Arlington, has already been discussed in
Section 5.2.4. 1In order to study effectis of dosing, the sceess port for
the north trench was closed at the distribution box, the effluent was
pumped cut and the trench was left empty of liquid from July 22 to Auvgust I 2
1970. During this period the other seepage trench and surrounding soil
handléd all the effluent of the system. The effluent was admitted to the
north trench on Aug. 4. Starting on August 8, the amount of liguid intro-
duced into the entire system was increased to an average 200 gallons per day,
by running water from a faucet in the basement of the house. This part of
the experiment was completed on August 14 (Fig. 8.1). A second series of
experiments was started on September 18. The occupants of the house had
been on holidays for a three week period from August 14 to September L.

o effluent was in the trench at the start of the second experimentsl

veriod. - Large amounts of water were added to the system for short pericds

of time on certain days (Fig. 8.1). Tensiomeiric reactions to these inter-
mittent dosages were observed. From October 1 to October 7, a continuous
trickle of water was maintained by means of the basement faucet to establish

a total rate of 200 gallong per day. After October 7, only the regular

input of 80 gallons per day entered the system. The experiment was terminated
on QOctober 15.

80202.2. RESultS

Moisture retention, conductivity and porosity data for the glacial
+111 have been presented in Chapter 5.2.L. Soil moisture tensions, as
measured around the trenches during the experiments, are reported in Fig. 8.1.

8.2.2.3. Discussion

Soil moisture tenglons were high around the seepgge trench at the start
of the experiment on July 21, although the level of the effluent stood at
two-thirds the height of the bed of crushed rock. Below the trench, tension
was 80 mb (Tensiometer No. 3) and 90 mb (Tensiometer No. 2). At the sides,
the value was somewhat lower, at 60 mb. The presence of such high tensions,
despite the pregence of free liquid in the trench, shows the cffect of a
highly resistant barrier, a "crust", at the interface between trench and
soil, causing the loss in potential head (Hillel and Gardner, 1970}).

Soil moisture tensions increased by natural drainage, as expected,
after the trench was pumped dry on July 22. Heavy rain on July 28 decreased
most tensions, But at the time of reintroduction of the effiuent in the
system on August b tensions were still considerably higher than those at
the start of the experiment. In the period from August L to 8, tensgions did
not change. At no time did we observe effluent standing in the trench.
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Cbviously, the amount of effluent going into the system (80 gallons/day) was
being absorbed by the goil, without ponding., IMoisture tensions arouvnd the
trench probably fluctuated each day, following the daily dosing pattern.
Since observations were made only once a day such effects were nol obgerved.
An attempt was made to reestsblish ponding in the trench, by increasing the
loading rate to 200 gallong per day. 4 permanent trickle of water into the
system from a faucet in the basement of the house was sufficient to accomplish
this. The much increaged loading rate appasrently exceeded the infiltrative
capacity of the soil, and effluent filled the trench again starting August 8
and remained so until the end of the first experiment on August 1k. Soil
moisture tensions decreased to values of 5C mb below, and 35 mb next to the
trench. This indicates a marked decrease in impedance by the crust, as
compared with that under the initial condition, when the trench was nearly
Mll of effluent and much higher tensions obtained in the surrounding soil.

Fig. 5.25. gives the relationship between hydraulic conductivity K and
soil moisture tension for the sandy till. X at 80 mb was 4 mm/day, at 50 mb:
15 mm/day. For a bottom area of 0.8 x 30 = 2k 2, this would amount to a
vertical (one-dimensional) flow of 50 gallons/day at 80 mb (potential gradient =
2) and 180 gallons/day at 50 mb (pobential gradient = 2). For the bottom of one
trench, only 90 gallons/day. But effluent moves not only through the bottom
of the bed, but also through the sidewalls due to gradients in the soil water
potential alore, since strict horizontal movement is not affected by gravity.
Assuming a potential horizontal gradient of unity {see values from tensiometers
5 and 6) we obtain flow values on July 21 of 19 gallons/day at 60 mb
(K = 6 nm/day sidewall area: 0.2x 61.6 m® = 12.3 m=). In August, the
potential gradient was one-third lower and flow through sidewalls was estimated
at 20 gallons/day at %0 mb (X = 18 mm/day); for one trench: 10 gallons/day.
Total flow can therefore be estimated at 69 gallons/day for July 21 and 135
gallons/day for August 1%, On both dates effluent stood 20 cm deep in the
trenches. The first value is within a reasonable 15% of the measured
loading rate of the system (= 80 gallons/day, messured during one week in
July by Mr. Ripp, resident of the home)., These calculated amounts of Flow
are estimates based on separate one-dimensionsl vertical and horizontal
flows. In the real two-dimensional system flow Lires will be curved. Real
flow rates can be determined by modeling, using numerical techniques with
the computer (Amerman, 1969). However, we 40 not expect such calculated
values to be very different from these esgbimates. The second series of
experiments was started on September 18, when both trenches were empty of
liquid {the occupants of the house had been on holidsys for three weeks,

Avg. 1lk-Sept. k). Starting on September 23, additional water was added to
the system, through 2 basement faucet, as during the first experiment. Iarge
amounts of liguid were added in relatively short periods of time (see Fig. 8.1).
The effluent was gbsorbed by the sell within one or two days. Tensiometers
reacted clearly to this intermittent dosing pattern. For example, after
adding 180 gallons in a 4O minute period on September 25, soil tensions

moved down around the trench. The trench was empty on September 27, and
tensions moved up to relatively high values on Sepbember 28 as a result of
drainage. Then another 120 gallons were added. The next day the trench

wag empty of effluent. The high amount of 350 gallons was added, and tensions
reacted strongly. Two days later, however, the trench was again empty and
tensions had increased again since the previous day. Starting on October 1
the method of adding water to the system was changed to g combinuwous trickle
at the rate of 200 gallons per day. After that, the trench nearly filled
with effluent and remained so to the end of the experiment (October 15).
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Addition of water was stopped on October 7, when the trench started to overfliow.
Thereafter only the regular daily input (B0 gallong) entered the system.
During the perilod October 2 to 15, tensions around the bed gradually increased
to levels remerkably similar to those measured on July 21 at the start of

the experiment. Such increasing tensions around a bed that containg ponded
effluent indicate an increase in hydraulic resistance of the crust. This

is probably caused by increasing anaerobic conditions that induce the forms-
tion of organic products that clog soils nores (see Chapter 6.2.2). The
identical hydrological situation at the start and at the end of the series

of experiments may indicate & dynamic eguilibrium specific for this particular
system. Alr diffusing through the soil to the crusted sidewalls of the bed,
will permit breask-down of anaserobically produced organic substances there.
This process is inflvenced by soil itexture and position of trenches. tronger
diffusion, for example in s coarse porous material and with trenches placed
closer to the surface, could result in an equilibrium st a lower suction,

and thus a higher infiliration rate made possible by a diminished resisbance
of the ecrust. Inflow of effluent with a lower B.0.D, (after aseration),

could have the same effect (Popkin and Bendixen, 1968). More experiments

in different soile are needed to investigate this aspect. TIn any case, soil
moisture tensions measured in this study were never lower than LOmb.

Conclusion: The dats show that (1) only about one week of ponding was
suificient to create soil moisture itensions simllar to those present after
ten years of system use. (2) Inbermittent application of effluent (dosing)
can result in a marked increase of overall infilirabion (in this case at
least twofold).

8.2.3. Black River Falls study area

The dual seepage bed, constructed in the C horizon of a Sparta loamy
sand, was discussed in Chapter 5.2.7. This gystem had only been used For
a period of six weeks prior to the time of investigation. The prineciple of
g dual-bed gystem is to shift the flow of effluent from one bed to the other
at regular time intervals. The bed not receiving effluent is allowed to
drain. TInhibiting crusts developed at the infiltrating surfaces during the
previcus loading period will then be oxidiged, thereby restoring the infil-
trative capacity of the soil for the next loading cycle. Construciion of a
dual-bed system is necessary if crusting can be expected to be so severe
after a prolonged peried of continuous losding, that the system will fail,
Calculations made in Chapter 5.2.7 indicated that a dual bed system might
not be necessary in this type of soil. However, the gystem is included in
this chapter as an example of a dual-bed system, the construction of which
would, most probably, ve gquite appropriate in losmy soil materials where
crusting was found to be quite severe (see Chapter 5.2.14),
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8.3. Mound systems

8.3.1. TIntroduction

The principle of the mound system is simple: If the condiiions in a
ngtural soil are unfavorable for on-site subsurface liquid waste disposal,
soil materisl from elsevhere is placed on top of the original soil and
a gravel-filled seepage ved is built inside. Fercolation from this bed
dowrnwards through the £ill supposedly supplies the necesgsary filtration
that the original soill was unable to provide. There are several types of
goils with unfavorable characteristics, as discussed in Chapter 6.2, and
design criteria for mounds vary accordingly.

In general, the mound system concept offers gome attractive aspects:
(1) Size and shape of the mound, and textural composition of the mound £ill
can be conmtrolled, according to specifications, whereas properties of sub-
soils around conventional seepage beds cannot be altered; {2) A mound system
vtilizes the upper soil horizons which are usually more permeable and richer
in organic matter than the underlying horizong, but which are not used by
a conventional subsurface system; (3) Because the mound is surrounded by air
immediately above and on all gides, the interior can be expected to be
better aerated than the goil surrounding a conventional buried system.

Some potential disadvantages to mound systems may be noted, however:
(1) The exposure of the mound may lead to freezing problems in wintertime;
(2) Seepage of polluted effluent from the sides of the mound onto the surround-
ing soil surface or into creviced bedrock below the mound, may take place
in times of excessive rain or snow melt or in case of overloading of the
systen from within.

Two basic soil conditions have been taken into account in designing
mound systems (Fig. 8.3.1).

1. BSoils with relatively permeable topsoils but with slowly permeable
subsoils.

2. Soils with thin, relatively permeable topsoils, and highly permeable
substrata, such as creviced bvedrock.

8.3.1.,1, Dimensions of mound systems in slowly permeable soils

The nmain function of a mound sysbem over solils with slowly permeable
subsoils (Fig. 8.3.1) is to avoid seepage of polluting effluent from the mound
onto the surrounding soil surface, which would present a health hazard and
could lead to conbtamination of surface water. The danger of pollution of
ground water seems to be minimal in most cases, because the K + value of
subsoils is very low. Design criteria, therefore, are to be BE8ed on
lateral flow of effluent away from the system through relatively permeasble
topsoil, using the fill materisl in the mound for downwerd unsaburated flovw.




SOIL DISPOSAL OF SEPTIC TANK EFFLUENT IN MOUNDS

1 SLOWLY PERMEABLE SOIL WITHIN THREE FEET BELOW THE SOIL SURFACE

Evapotranspiration (growing season)

clay barrier

2 feet

z

o 4 - ~ S
efﬂu_e;t_ ‘;:7/_— Permeable topsoil \ [

—_—

+ Slowly permeable subsoil +

Top level of ponded water

1} CREVICED BEDROCK WITHIN THREE FEET BELOW THE SOIL SURFACE

Evapotranspiration {growing season)

topsoil

*%* soit—fill

-

effiuent :f :’ ; Original soil

oo
TGy
% #

Creviced bedrock

2 feet

-t Y

it
B o o

Fig. 8.3.1. General diagrams of mound systems over slowly permesble goils
and over creviced bedrock.
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Vegetation on top of the mouhd plays an inportant role, during the growing
segson, in removing liguid and nutrients by transpiration. A schematic cross
section of a mound is in Fig. 8.3.1. Effluvent is to be pumped into the
seepage bed, and will infiltrate dowmwards into and through a £ill of thick-
ness ¥ (see Fig. 8.3.2).

To keep the £ill material below the bed unsatvrated, stagnant water in
the topsceil of the original scil body should not be permitted to rise above
the original scoil surface into the mound itsell, as could happen if the
volume of dowrward percolating effluent from the mound were excessive.
Lateral movement of this stagnant water through the topsoil is a function of:
(1) loading rate of the system, (2) dimensions of both mound and the under-
lying tody of ground water, (3) depth to the very slowly permeable nabural
soil horizons, (4) nydraulic conductivity distribution throughout the mound-
ground-water system, and (5) hydraulic gradients in the ground-water system.

In mound systems, where soil boundaries restrict movement of liguid to
an gpproximately horizontal plane in the %opsoil, certain approximations,
like the one of Dupuit-Forchheimer (Bowwer, 1970, Childs, 1969), can be used
to describe the flow of ground water in quantiistive terms. Fig. 8.3.2.
{derived from Bouwsr, 1970) shows a seepage bed with width W in 2 mound on
top of a soil profile with & relatively permeable topsolil and a subsoil
vwhich is censidered impermeable. Due to the addition of liguid from the
mound, the level of the ponded water is highest in the topscoil below the
center of the seepage bed. The hydraulic properties of the aquifer can be
expressed in terms of the transmissibility cocefficlent Tg {= hydraulic con-
ductivity x aquifer height). Steady flow below the water table on top of
the B can be described with the Dupuit-Forchheimer assumption of horizontal
Tlow as follows:

Iox =8 (1)

wvhere I = infiltration rate for recharge area, x = horizontal distance from
centerline of recharge ares, T, = effective transmissibility of aguifer,

h = height of water mound above static water table on top of very slowly
permeable subseil. I * x = q (= horizontal flow rate per unit width across

8 plane perpendicular to direction of flow at distance x from the center

of the flow system of infinite length). Integrabting between x = 0 and x = W/2

vields:
I

h, = be = 57 (2)
e
where he = h below center of seepage bed (x = 0), hy = h at edge of the

seepage “ved (x = w/2), W = widbth of seepage bed.

Knowing T, for a flow gystem, makes possible series of calculations,
varying I, W and hc and hg.
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Fig. 8.3.2. Dimensions of a mound over slowly permeasble soil.

The following steps are involved in the calculation of seepage bed
dimensions after measuring Ts.

1. The infiltration rate from the seepage bed (I) is selected from
the K~curve of the £ill materisl; and is based on the rate corresponding to
the most desirable moisture tension {Section 6.2)., Construction and use
of the mound gystenm is to be directed towards achievement of this tension in
the £ill below the seepage bed, either by appropriate doging of liquid or
by development and management of optimal crusts.

2, A value for h, -~ b, is determined, preferably by measurement in situ.
A value of 5 cm was measured ab one of the systems in Clark County (Bouma
and Hole, 1971a).

3. W is calculated with eguation (2).
k., MNext, length L of the seepage bed is calculated according to:
i

L=ﬁ

where E is loading rate of system (volume/day).
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5. Finpally, the height of the gravel bed is calculated, based on a
sufficient amount of available storage for eifluent. Assuming a pore volume
of 30% in the gravel, height h of the gravel bed is calculated as:

—_
-

h = 0.3(WxL)

The minimal height of the gravel bed below the perforated pipe is recommended
to e 8" (20 cm); the pipe itself should be covered and protected with a few

inches of gravel as well,

Some sdditional construction details which are based on preliminary
experience, are these:

(1) At least two feet of f£ill is to be in place below the gravel bed
and the original soil surface. A sandy loam or loamy sand is recommended
as & fill material or any material with a gimilar pore size distribution
(see Chapter 6.2). The original topsoil should never be removed or com-
pacted during construction. Future experiments with peaty £ill materials
w11l be conducted.

(2) A barrier of clayey impermeable soil material is to be placed all
around the outer edges of the mound o reduce the danger of swrface leakage
{see Fig. 8.3.1.). This could also prove useful in marginal periods when
the whole soil area is very wet or covered with snow. Then, the interior
of the mound can act as a temporary storage facility, in which the liguid
level may rise above the original soil surface.

(3) The gravel bed is to be separaved from the f£i1l on top by a thin
layer of hay to prevent slaking of topegoil into the bed during settling.
Use of a plastic sheet is not recommended as this does not decompose with time.

(I) About two feet of £ill is to be placed on top of the gravel bed to
reduce the freezing hazard. As shown elsewhere (Chapter 5.2.4), a snowcover
is essentizl to reduce the freezing hazsrd. Placing of snowfences on top
of mounds is recommended, and trees or shrubg in the ares around the mound
{not on top, where roots could disrupt tile lines) will reduce the force of
the wind, while helping to remove liquid from the surrounding soil at the
same time during the growing season.

(5) The mound must be covered with at least 6 inches of dark topsoil
to be seeded with grasses. This has a twofold purpose: 1. Evapotranspira-
tion in spring and summer and eubumn is a very important mechanism for the
removal of liquid from the mound, and 2. A vegetative cover will reduce
erosion. The sides of the mound can have a 1:5 slope and the top should
preferably be rounded so as to induce runoff of raimwater or snowmels.
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8.3.1.2. Dimensions of mound systems in soils with highly permeable substrata

The main functionrn of a mound sgystem over soils with highly permeable
substrata (Fig. 8.3.1) is to avoid seepage of contaminated liguid through
the criginal topseoil into bedrock crevices, and from there into the ground-
water. The role of the original topsoll, which may vary in thickness bebtween
one and three feet, is important in the flow regime. None of it should be
removed nor compached prior to congtruction of the mound. Most of the
technical details discussed in Section 8.3.1.1 also apply to this type of
mound. teral flow through the topsecil does, however, not play a crucial
role here because of the permeable svbsgtratum. Sizing, therefore, is not
atcomplished by special calculations as in Section 8.3.1.1 but is determined
vy considering hydraulic properties of [ill and topgoil.

The infiltration rate from the seepage bed is selected from the K-curve
of the [iil material, and is baged on the raite corresponding to the most
desirable moisture tension {Section 6.2)., Dowmward flow occurs through two
fTeet of Till maberial and the shallow natural topsoil, each with different
hydraulic characteristics. A graphical solution method for gleady-state
flow through several soil layers down to the ground water was described
by Bybordi (1968). Ve followed this procedure for several of the mound
systems. The saturated zone just above the open crevices in the bedrock
or the level of ponded water in soilg with very slowly permeable subsurface
horizong, were considered as levels of zero pressure, comparable to the
ground-water level of Bybordi (1968).

The hydraulic potential ¢ can be expressed in terms of the pressure
head h (em) and height Z above the water table as: @ = h + Z. Darcy's
law for the one-dimensional veriical case is:

ag _ dn
V= -KEZor v s K(1 t T

where: v = velocity of flow and K hydraulic conductivity. Integraticn
yields the molsture profile formula:

e e e m]

14 B X
5

i

where Ki and are the moisture dependant hydraulic conductivities of the
succesgive layers, o be measured with the crust test or calculated with

the method of Green and Corey. The inbegral limit hj is not initially known.
Starting alb zero pressure integration is continued through the bottom layexr
until Z assumes the value of Z1 {which is the thickness of the bottom layer).
The corresponding h is found to be hy. This tension hy is continuous across
the boundary and is therefore the lower limit of the second term of the
integration, which is continued using the Ko values until Z assumes the value
Zo at a pressure of hp. The moisture profile can be derived from the pressure
profile by using moisture retention data.

I
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Examples of thig type of calculation will be given in the discussion
of mound systems in Chapters 8.3.2.3, 8.3.2.5 and 8.3.2.7, assuming steady
flow rates from a seepage bed into the sandfill of the wmound and from there
into the natural topsoil. Steady flow rates will occur only in a real sysiem
if the secepage beds have a resistant blogenic crust at the infiltrating
surface with ponded effluent inside the bed (see Chapter 5). However,
effluent has to be pumped intermititently into the mound and the seepage bed
that is about two feet above the originagl scoil surface. Then, crusts may
not form as readily due to the intermitient aeration and the hydrological
picture becomes more complicated. Though the rate of application will etill
ve, for example, a total 8 cm/day, the liquid is, in reality, applied as
four dosageg of two cm each at six hour intervals. Field meonitoring will
show the effects of intermitient application on the hydraulic conditions in
the flow svstems to be gtudied in the next field season.

8.3.2, Results of monitorins operating mound systems

8.3.2.1. Introduction

Three experimental mound systems were built in Clark County in 1969
and early 1970, according to a local desgign that was based on the NODAK soil
abgorption system of North Dzkota. Thege systems were monitored in the field
Auxring the field season of 1970 and data have been reported by Bouma and Hole
(1971a). One of the systems was studied again in 1971, results of which are
reported below in Chapter 8.3.2.2, A new experimental mound system vas
built in Clark County in 1971 at a locaiion where construction of a conventional
subgsurface seepage ved was prevented by impervicus bedrock that lay at a
depth of two feet in a landscape with many rock outcrops. The dimensions
and degign of this mound were in accordance with criteria discussed in
Chapter 8.3.1.1. This system was monitored in October, 1971 and data are
reported in Chapter 8.3.2.3.

The experimental mound systems in Door County were constructed in 1969
and 197C according to a design made by the State Board of Health in coopera-
tion with this research group. Sampling trips for monitoring purposes were
made in September and October, 1971 and results are given in Chapters 8.3.2.h
through 8.3.2.7.

Four experimental mound gystemsg were designed in early 1971 for new
houses constructed in the Ashland area, where soil conditions were unfavor-
able for the conventiongl type of subsurface disposal, because of very low
soil permesbility (see Chapter 5.2.5). Construchion details of these mounds
and monitoring results will be published at a later date.

8,3.2;2. Clark County study area: Mound 1 .

This mound was built in the Spring of 1970 on & somewhat poorly drained
Humbird sandy loam {Typic Haplorthod) over sandstone that had very slowly
permesble shale layers. The original soil had the following soil horizons
(for more detail see Bouma and Hole, 1971a): A1:0-5 em: Black, very friable
sandy loam. A2:5-11 em: Brown, sandy loam, apedal; B2lhir:11-15 cm: Yellowish
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red, sandy loam, apedal; B31:20-28 cm: Yellowish brown sandy loam, fine
subangular blocky; B32:28-38 cm; Yellowish brown sandy loam, fine subangular
plocky, with mottles; IIIC2:50-100 em: Three stratified bands of White sand,
Yellowish brown sand and Olive gray clay: White, weakly cemented coarse gand
is found below 100 cm. Urweathered sandgtone is egtimated to occur at a
depth of 2 m. The particle size distribution of the horizons and resulis of
physical measurements are presented in Table 8.3.1L. The occurrence of slowly
permeable clay layers leads to ponding of water in the profile, particulariy
in wet periods or in early spring. The ground water level varied from 50 cm
below the soil surface in early June, 197C; to 150 cm in late July 1970

20 cr in May, 1971; and about 150 em ggain in Qctober, 1971.

A top view and cross section of this mound are shown in Fig. 5.3.3.

CLARK CO; 1
Humbird sandy loam °
Mound no.1
____._a—-"d\‘a'\“""/ o2
[ —
fy
seepage bed .
1 mound sandfilf
house 3
L2 —
~"line of § i
cross section E _
I [ —— U
= -
& sandfill
+ IIIC sand in situ
o I ground water
of
et o° Cross section of mound
bm
R
o2
drain
J0
Top view of system
s‘l1

12

Fig. 8.3.3. Top view with sampling points and cross-section of mound 1
(Clark County).




Photo 8.1. Mound System 1 (Clark County) (summer 1970). Effluent seeped through the side of the unfinished mound
at point S in early June 1970. Air vents (A) are at the ends of the three tile lines (see diagram of S
system, Figure 8.3.3).
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At the present writing the sand mound (Photo 8.1} is still barren and
undersized. The design was for a larger mound, calling for a southeagtward
extension, and for a silty Lopsoll cover o be seeded with grasses. The
homeowner intends to complete the job, which i1s overdue, zccording to the

time limit of the experimental permit received from the Board of Health in
1569, The performance of the incomplete system, however, is sufficientiy’
interesting to justify discussion here. Counstruction of the mound wag started
by removing all clayey layers to a depth of about 3 feet and exposing the
highly permeable white sand (sec Table 8.3.1.). The hole was filled with a
layer of sand, on which coarse rock was laid to form the seepage bed (Fig. 8.3.3.).
Perforated pipes were laid in the bed from the septic tank into the mound at

a level slightly higher than the original soil surface. The whole system

wag coversd with about two feet of coarge loamy sand that has a low porosity,
probably as a result of a wide range in pariicle size {see moisture retention
date in Fig. 8.3.4). Samples for microbial and chemical analyses were taken
at locations indicated in Fig. 8.3.3, in the septic tank and in a water well
near the house. Sampling trips were made in July, 1970, and in April and
October, 1971. Results of microbial analyses are in Table 8,3.2, and of
chemical anelyses in Table 3,3.3. In Sepiember, 1970 fecal streptococcus (FS)
were observed in a number of the wells, but fecal coliforms (FC) were not
detected. Because of peggible gurface contamingtion during sampling, FCEFS
ratios were considered (see Chapter 3.4). A FC/FS ratio of 50.0 was measured
in the septic ftank liguid. FC/%S ratios for the wells in September, 1970

and November, 1971 indicated no ground water contamination due to these
organisms.

60T HUMBIRD SANDY LOAM
MOISTURE RETENTION

B2
-~ clayband
B
hadl Al
=3 A2

] L |
20 40 60 80 100
SOIL MOISTURE TENSION (MBAR)

Fig. 8.3.4., Moisture retention data of horizons in a
Humbird sandy loam {mound 1 Clark County).




Teble 8.3.1. Particle size distribution and hydraulic characteristics of soil horizons in a Humbird sandy loam.

Hydraulic

Horizon V.C.S8. C.S. M.S. F.S. V.F.8. C.Si. M.Si. F.8i. Clay conductivity (K) fercolgtion test
(double tube) Falling head Constant head

AL 0.6 9.7 26.1 14.6 18,0 8.7 11.5 k.5 7.0

A2 1.8 13.0 28,5 15.1 20.1 k.5 10.0 2.5 5.0

B2lhir 2.2 11.9 2L.5 12.7 16.2 4.0 8.5 6.0 17.0 20 cm/day

B22hir 2,0 10,4 19.2 12.0 15.0 k.5 1.5 7.5 @ 16.0

B3. 1.8 9.6 22,2 16.7 22.0 4.5 7.5 6.0  10.5 12 cm/day

ITIC(clay) 0.7 2.0 3.2 3.6 9.5 k.0 1h.0 12.0 51.0 3 em/day U min/inch % min/inch

(900 em/day) (900 cm/day)

IIIC(sand) 0.7 8.6 56.2 28.3 L2 0 0 0 2.0 500 cm/day

T




Table 8,3.2

Bacterial Analyses, Mound System 1, Clarxk County
Sampled July 27, 1970, April 16, 1971 and Oct. 21, 1971(1)

(bacterial counts per gram of soil or per ml in liquid samples)

Sample Enterococci Fecal coliform Total coliform Total bacteria pH
{See Fig. 7/27 | 4/16 |10/21 || 7/27 | 4/16 |10/21 | 7/27 | 4a/16 i 10/21§F 7/27 | 4/16 |10/21 Jio/21
843.3) (x104)| (x103)

la d— X X X X 80 X 15 17

ib X X 10 600

2 X X *% X X *H 50 150 | *# 22 13.5 | 1,0000 4.9

3 39 X *% X X * 300 X *a 40 22 30§ 6.1

4 X 10 | ** X 100 | ** X 110,500 | ** 1,6 1450 11,000} 6.4

5 X X X X X 1,550 2.3 | 100

6 10-100 X * X X * 800 | 1,250 ** 44 250 1,900) 4.6

7 X X 350 16

8 X X 115 5,000

9 X X 240 17.5

10 X X X 18.5

11 X X 45 8

12 X X 900 720

s(2} X X 4,000 1,000
Septic tank 20 1,000 44,000 2,240

(1)

other samples were ground water.

(2)

This region was found only during the April sampling period.

*¥ =

= organisms not detected, & 6/gram in average of triplicate platings.

organisms not detected, £ 10/gram in average of triplicate platings.

Soil sample taken from a region of saturated sand at the base of the mound.

Samples taken on 10/21/71 were saturated soil from the upper level of the ground water table;

86T




Table 8.3.3. Results of chemical analyses of ground water sampled
around mound system 1 {Clark Co.) (in mg/L).

Date Well No. maa*-m N03‘-m' Total-N| DIP | Total-P | pH
April 1971 1 0.k 0.k 1.5 <.,02 02 5.3
2 0.3 0.7 1.5 .02 .06 5.3
3 0.4 1.1 2.7 <.02 .02 5.6
h by 4.8 12.4 37 .85 6.1
5 1.8 0.4 k.5 .07 .31 6.3
6 3.h 16.8 22.0 .03 19 6.1
T 2.4 18.7 2h,0 <.02 .03 5.6
8 0.4 2.7 3.7 .0h A1 6.3
9 0.4 9.2 13.8 .02 .09 5.9
10 0.3 1.6 2.0 <.02 02 6.1
11 0.3 3.0 6.8 <.02 .03 5.9
12 0.3 0.4 1.5 <.02 .02 6.k
October 1971 b i1 8.6 27.0 .19 .92

T 7.3 16.9 25.3 .30 1.86

196
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A similar condition was found for each of the wells in April 1971, with
the exception of well number 4, located sbout one foot from the mound periphery
(see Fig. 8.3.3), in which both fecal coliform and enterococci were found.

The FC/FS ratic in well h was 10,0, indicating human fecal comtamination.
Total bvacterial counts in this well were correspondingly large. At this

time of the year the ground-water table was very high (within 1 ft. of the
surface) and the soils were wet. GCround-water comtamination was not indicated
at sampling points more distant from the system tkan well number L. This
obgervation pointes to the necessity of extending this mound system. Ground-
water analyses in April and October, 1971 seem to verify these trends, because
the highest levels of N and P occur in wells 4, 6 and 7, south of the mound
{Table 8.3.3). Analysis of the ground water from wells number 4 through 12
indicate: (1) Nitrification of NHL~N to NO3-N; the extent of which is dependent
on distance from the mound. The seepage bed inslide the mound 1s close to

the original soil surface and vertical unsaturated flow is insuificient to
induce complete nitrification, as is found in systems where vertical unsaturated
flow occurs through a distance of several feet; (2) movement of NOz~-N and its
dilution by ground water; and (3) immobilization of P by sorption In the soil.
Data from October, 1971 indicate less dilution of the N and P contents in

the ground water when the water table iz low and flow rates arxe minimal.

The absorpbive area of the seepage field is approximstely Shm™ (600 sq. 5. ).
At an estimated loading rate of LS50 gallons/day, a minimum vertical flow

rate of 3.3 cm/day is necessary to avoid overloading. This would correspond
to an estimated moisture tension in the sand below the bed of around 30 mbar,
well below tensions found in soil surrounding crusted seepage beds in sands

up to twelve years of age (see Chapter 5.2). So it appears that after
erusting of the seepage bed (which is highly probable as a result of gravity-
flow loading through highly perforated pipe, as discussed in Chapter 6.2) the
absorptive area will be sufficiently large to abgorb the current volume of
effluent.

Conclusion: This mound system offers an alternative to a conventional subsurface
seepage bed that otherwise would be swre to fail because of the periodic

very high ground-water table. The sysbtem needs to be extended, however, since
bacterial ground-water pollution occurs near the lower part of the mound in

wet periods, as a result of the very short distance between the perforated

ripe and the edge of the mound.

8.3.2.3. Clark Co., study ares: Mound 2

This mound was built on top of a well drained Arland silt loam underlain
by sandstone bedrock at depths varying from a few inches to three feet. Many
rock outcrops were found in the area. The general glope was southwards (5%).
The original soil, described in an adjacent forest, had the following horizons:
Al:0-15 em:; Black, friable silt loam; A2:15~20 em: Grayish brown, friable,
silt loam; B2:20-40 cm (lower boundary quite wavy): Brown loam, fine sub-
angular blocky. The particle size distribution of the A and B horizons is
given in Table 8.3.4. Moisture retention characteristies of the topsoil
and the calculated hydraulic conductivity curve are in Fig. 8.3.5. This
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Pg. 8.3.6. Top view with sampling points and cross-section of mound 2

(Clark County).
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includes the Kgpt value measured on large undisturbed cores. A top view and
cross-section of this mound are in Fig. 8.3.6. The £ill for the mound was
delivered to the site in November, 1970. The seepage bed was built in

July, 1971 and conrnected with the septic tank. An on-site inspection in
October revealed that the fill material was very heterogeneous. ILarge
guantities of loamy soil materials, some with a very high content of material
coarser than 2 mm, changed the character of the sand, that was supposed to
have been the sole fill material. Two representative samples of this
heterogencous fill were analyzed for texture (see Table 8.3.4). The gystenm
was monitored on October, 1971, when still incomplete. The design called
for a 20 cm thick covering of topsoil, to be seeded with grasses, and for

a moisture barrier at the downslope part of the mound. The dimension of
the seepage bed were based on criteria developed in Chapter 8.3.1.1,

The topsoil had a Kggt of 21 cm/day, ag megsured in large undisturbed
cores (see Fig. 8.3.5). The heierogeneous fill material around the seepage

8, (%)
T 50
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=3

%4 80 8 10
SOIL MOISTURE TENSION (MBAR)

-
(=]
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HYDRAULIC CONDUCTIVITY (CM / DAY)
o

L|lll||!

ARLAND LOAM

0.01

0 20 40 60 80 100
SOIL MOISTURE TENSION (MBAR)
Fig. 8.3.5. Hydraulic conductivity and moisture

retention data for the topsoil in an
Arland loam (mound 2, Clark County).
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Table 8.3.4. Particle size distribution of horizons in an Arland loam and
of fill materials in Mound 2 (Clark County).

Horizon or
>
meterial ¢ FS MS cs  VFS FS M8 08 VCS >Pmm  Texture
Al 2h,0 9,0 23.0 1k.0 5.6 5.7 15.6 2.6 <1 <1 loam
B2 27,0 6.0 26.0 15.0 4.2 8.2 18.5 3.0 <1 1.6 elay
) loam
Sandfill I 6.0 1.0 1,0 =-- <1 7.7 6.9 6.9 2.0 3.0 sandy
loam
Sandfill IT 20.0 1.0 3.0 1.0 5.9 k7.8 15.6 5.3 <1 30.4 sandy
clay
loam

Mg below mound 22.0 2.0 10,0 6.0 6.3 20.3 29.8 3.4 <1 <1 sandy
clay
loam

bed made the choice of a representative I value rather arbitrary. A relatively
low value of 5 cm/day was selected, which corresponds with a tension of around
35 mbar in a medium sand. With hewhe = 5 cm, and T = 800 cm /day, the required
width of the seepage bed was found to be 30 cm (close to three feet), following
equation (2) in Section 8.3.1.1. The length L of the bed would then be 30 m
{100 ft.), assuming a loading rate of 300 gallong per day. It should be

noted that the calculations in Chapter 8.3.1.L were based on a level flow
system, whereas a slope of 5% was actually found. The flow system is therefore
more complicgted and the calculation, as made here, can only be considered

a general approximation. Monitoring of the system involved: (1) Establishment
of the moisture conditicng around the geepage bed at different dlstances

from the effluent inlet. For this purpose Tive small pits were dug adjacent

to the seepage bed, exbending beneath them (see Fig. 8.3.6). (2) Determination
of certalin mlecrobiologleal and chemical characteristics of the effluent and

of percolating liguid inside the mound., To accomplish this, two small pits
were dug at the lower end of the mound, down to the original soil surface

(Fig. 8.3.6), and samples were taken from the liquid that seeped into these
pits. ZExcavationg around and into the seepage bed showed that effluent was
ponded in the bed near the inlet (pit numbers 2, 3 and 4 in Fig. 8.3.8).
Excavations in the two pits adjacent to the ends of the seepage bed (Pits 1 and 5)
showed that effluent was not present at those locations. Tt was planned to

nake tenslometric measurements in the soil immediately beneath the bed, where

it was filled with effluent, in order to estimate crust resistance. However,
due to the very heterogeneous nature of the f£ill material and corresgponding
variable hydraulic characteristics, this could not be done. The simple obser-
vation that ponding of effivent is localized in the seepage bed, however, is

in accord with the general process of progressive crusting in beds fed by
gravity flow (see Chapter 6.2). Biclogic crusting of sandy material or, in this
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case, the occurrence below the bed of very slowly permeable loamy soil bodies in
the fill, leads %o a strosg reduction in infiltration, and forces the effluent o
move farther glong the trench to uncrusited soil surfaces.

The final stage, then, is one in which the whole bobtom area and also
part of the sidewalls of the bed are crusted. As tensions measured elsewhere
below crusted gubsurface beds were never lower than 25 mbar in sands {see
Chapter 5.2), the assumed loading rate of 5 cm/day should be sufficiently low
to avoild fubture overloading. The only potential problem could arise from the
very slowly permeable fragments of loamy Till materisl, with Kgpt values

much below 5 crm/day, bordering the trench, and thus strongly decreasing the
infiltrative capacity of the soil. Fubure monitoring will show the magnitude
of these effects.

The original topsoil, now below the mound, was guite gifferent in
appearance from the natural topsoil in the foregt. The color had changed
from black and grayish brown to bluish gray and porosity was reduced. The
topsoil below the seepage bed was very moist, close to saturation. However,
free water was not ponded on top of the soil surface. Downslope, at obser-
vation pits No. 6 and T, the topsoil and about 5 em of the superjacent sand
Till were saturated. Thisg liquid was sampled for bacterial and chemical
anglyses.

The theoretical soill moisture tension distribution and corresponding
contents of moisture and air can be calculated for varying infiltration rates
into a £ill (with known K values) on top of a saturated soil surface (see
Chapter 8.3.1.1; method of Bybordi). The purpose of this calculation is o
define the physical filtration process by describing the degree of saturation
at different distances above the soil surface and the corresponding percolation
rates of effluent. The minimum most desirable thickness of fiil below the
geepage bed and the soil can be derived from this type of analysis. The £ill
material in this mound is difficult to use as a basis for such a calculation,
due o its heterogeneity. We will illustrate the method by using the hydraulic
properties of the more suitable sand used as a £ill in the mounds construcied
in the Ashland area. The hydrgulic conductivity curve and moisture retenticn
characteristics of this sand were given in Chapter 5.2.5. TFig. 8.3.7 shows
meisture tensions as g furction of the distance above a saturated soil sur-
face (where pressure is zero) and the rate of application of liquid to the
sand fill material on top of that soil. An infiltration rate of 45 em/day
corresponds with a moisture tension of 25 mbar in a soil column of infinite
length filled with this sand; 8 cm/day with 30 mbar and 4 cm/day with 35 mbax
(Fig. 5.27 in Chapter 5.2.5). Where 60 cm (2 feet) of sand is placed between
a saturated soil surface and a seepage bed, however, tensions decrease to
lower values close to the sgoil surface (Fig. 8.3.7). A tension of 3C mbar,
corregponding to a relatively low flow veloeity in the soil pores and therefore
a favorable long retention time in the soil, is then maintained only in the
upper 20 cm of the £iil, directly below the seepage bed. Tensions decrease
rapidly approaching the soil surface. If only 30 cm (one foot) of £1ill had
been placed between the bed and the goil, tensions would never become higher
than about 25 mbar at the bed-fill interface, with a strong decrease in
tension {and an unfavorable increase in flow-velocity) downwards.
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The minimum thickness of £ill in a mound below a seepage bed should
therefore, in this case, be at least two feet.
ing phase distributions for the three flow rates as derived from moisture

retention data.

air comtent (approximately 20% by volume).

Fig. 8.3.8 shows the correspond-

The lowest infiltration rate corresponds with the highest

Table 8.3.5 Chemical and Bacterial Analyses, Mound System 2

Clark County, Oct. 21, 1971

Chemical Analyses

Sample Total N Dip Total P
See Fig., B.3.6 {mg/1) (mg/1) (mg/1)
Liquid in seepage 31.5 5.8 6.1
bed (1)
Poinf 6 3.5 0.02 0.11
Point 7 4.9 0.02 0.18

Bacterial Analyses (bacterial counts per gram of soil or

in liquid samples)

per ml

Sample Enterococci Fecal Total Total pH
coliform coliform bacteria
See Fig. 8.3.6 (x103)
Liquid in seepage 330 5000 34,000 5370 6.8
bed (1)
Point 6 *¥ ** *¥* 3.7 5.¢
Point 7 * % *¥ *¥ 4.0 5.9

(1} 1liguid sample

¥%= organisms not detected, «6/gr

in average

of triplicate platings




Photo 8.2. View of shallow topsoil (T) over creviced bedrock (R) in Door County. The conventional type of sub-
surface seepage bed cannot be constructed in such locations and the feasibility of a possible alterna-
tive, the "mound system" is explored in Chapter 8.3

=
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Results of the chemical and bacterial aralyses of this mound systen are
in Table 8.3.5. A comparison of data for effluent in the bed and liquid in the
goil at points 6 and 7 indicates strong reductions in contents of total N and
P, Bacterial anglyses of samples from these points showed no fecal Indicators.
This means that the mound system was functioning properly from a bacteriologieal
point of view.

Conclusion: This mound sysbem offers an alternative to a conventional sub-
surface system that would not function at this location because of the presence
of impermeable bedrock ai a shallow depth.

8.3.2.k. Door County study area: mound 1

This mound (see Fig. 8.3.9) is used for the disposal of effluent from
a motel with 20 units. At the time of the tesit alb Sepltember 30, 1971 only
two units were occupled. Therefore, the picture obtained is not representative
of conditions in the pesk tourist season, when all units are in use, and
loading may be ten times higher. The original topscil at this site is very
shallow. ILarge open crevices, ten inches wide, are abundant in the forest
all around the present mound, which suggests that they must also be present
below the mound. The profile description, submitted to the Board of Health,
nentioned a soil thickness of over 24 inches. The system was not built accord-
ing %o plans submitted for approval. A large distribution box was found on
top of the mound and liquid flowed from there into the perforated pipes. The
plan 4id not show this distribution box, and the positionsg of the divergent
perforated pipes were found to be different from those indicated on the plan.
The £ill in the mound consisted of 1.5% clay, 2% silt and 96.5% sand (of
which %.T% was very fine, 12.5% fine, 30% medium, S5.3% coarse and 0.7% very
coarse ).

Two excavations were made, one (pit 1) close to the distribution box,
and the other as far away from it as possible (pit 2)}. It was found that the
sandfill was saturated on top of the original soil surface in pit 1 {moisture
tension was measured to be 0), whereas the soil was only slightly moist at
the corresponding position in pit 2. This points to the important phenomenon,
also obgerved elsewhere in this study, that effluent was poorly distributed
over the entire field. The perforated pipe has a total of Th holes, in each
10 feet segment. The effluent is pumped inbo the pipes at a high rate
(approximately 100 gallons in 2 min.). Most of the effluent must empty out
of the perforabed pipe into the fill within a short distance of the distribu-
tion box. This will overload the system there, whereas farther away, no
effluent is received. Tenslometric measurements made in situ immediately
below the gravel bed in pit 1 confirmed the occurrence of periocdically high
flow rates. When effluent was pumped into the bed, tensions decreased to
15 mbar, which corresponds with a high K value of 130 cm/day (Fig. 8.3.10).
Tensions inecreased rapidly to a level of 30 mbar after pumping had stopped,
indicating fast downward movement of the ligquid. A corrective arrangerent
would be to reduce the number of holes, as was done at a site rear Ashland,
where the first ten~foot segment of pipe had only 2 rather than T holes, to
produce & more even distribution of effluent into the mound. The total
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Fig. 8.3.9. Top view and cross section with sampling points of mound 1
(Door County).

absorptive area below the bed of this Door County mound is 2000 square feet
(180 n?), At an estimsted daily input of 20 x 75 = 1500 gallons (6000 1), an
effective permeability of 3.3 cm/day would be sulficient to dispose of the
iiguid, if the liquid were evenly distributed over a 24 hr. period. This
would represent a moisture tension of around 27 mbar {see conductivity curve
of the fill material in Fig. 8.3.10). Traditional successfully operating
subsurface systems in sands in different parts of the state had tensions
below crusts that never exceeded about 25 mbar (even in one 12 year old sysiem).
This calculation, then, shows that the size of the bed is satisfactory, even
if the interface of the bed and the fill crusted strongly (which would be
favorable from the standpoint of filtration: see Chapter 6.2.3). In the
absence of crusting, it is essential to spread the effluent over the total
absorptive area of the bed during each loading to stimulate the favorable
hydraulic effects of crusting as closely as possible. Crusting is not likely
to oceur socn in this mound, because of the inmtermittent application of the
effluent, which leads to breakdown of crust materials during the aeration
periods {see Chapters 6.2.2 and 8.2.2). The natural topsoil, now below the
mound, proves to be very effective as a filter, as it seems to be free of
fecal coliforms and streptococcus organisms (Table 8,3.6). MNote the apparent
digerepancy between total coliform in the mound and thoge in the natural topsoil.
In the mound is a sand which is normally lower in moisture, nutrients and
organic materials than clayey soil. In the topsoil (an active forest soil
in terms of organisms) natural soil coliforms should be present, at least in
amall numbers. This is confirmed by observations of the control sample.
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Data from samples from the saturated sand in the mound on top of the
soil surface in excavation 1 indicated that FC and FS counts were high in
the duplicate samples taken (10 Fc/gram and 40 Fs/gram or a FC/FS ratio of
0.25). This ratio is below 0.7, suggesting contaminetion due to animal
sources (see Chapter 3.%.3). However it is concluded that these FC and FS
were of human origin here because (1) The FC/FS ratio of the effluent was
only 2.3, (2) The origin of the sample was from inside the mound, not directly
exposed to animals and (3) ¥C were not found in the natural topsoil.- The r£ill
material at excavation 2 on the other side of the mound (Fig. 8.3.8) had
approximately the same moisture conbent at all points in vertical sequence.
Neither FC nor FS were found here. This is another indication that the dis-
tribution of liguid was directed ftowards excavation 1, resulting in overloading
there and deep pernetration of fecal indicators. It can be assumed that ligquid
moves down open crevices in the limestone under the 3000 square feet of mound

Mound 3
sandfill (as fills of 1 and 4)

Mound 2
B horizon

HYDRAULIC CONDUCTIVITY (K) (CM/DAY)

Ll

Mound 4
A horizon

0.1

1 i L 3 l
0 20 40 60 80 100
SOIL MOISTURE TENSION (MBAR)

Fig. 8.3.10. Hydraulic conductivity data for some
s0il horizons and £ill materials from
mounds in Door County.
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Table 85.3.6 Bacterial Analyses, Mound System 1, Door County, Oct. 1, 1971
(bacterial counts per gram of scil or per ml in ligquid samples)

Sample Fecal ‘Total |} Total
(See Figa 8.3.9) Enterococci coliform coliform | bacteria pH
a, (Dinfluent to 1,330 3,000 9,300 . 23.3x105 7.8

mound E
b, excavation 1 X X 90 | 20x105 | 7.9
sand 30 cm above :
topsoil %
¢, excavation 1(2) 47 10 130 | 18,7x10° | 6.9
saturated sand :
just above topsoil 0.3 3 63 42,3x10> Ted
d, excavation 1(2) 3 X 4,000 95.7x10° | 7.3
topsoil below mound X X 12,300 103x103 7.1
b, excavation 2
sand 30 cm above 5
topsoil X X 20 32x10 Te7
d, excavation 2 X X 20,700 201x10° 6.5
topsoil below
mound
Control
(forest topsoil) 30 X 2,000 259x103 7.4
Well water'l) * * # 107 -

(l)liquid samples

{2)duplicate samples taken

* = organisms not detected, <£1/ml in average of trip]icate platings

X = organisms not detected, <« 10/gram in average of triplicate platings




209

Table 8.3.7. Chemical analyses of effluent, percolating liguid and well
water for mound No. 1. (Doer County).

NH&-N (N02+INO3)-N Total § Ortho-P Total P C1

Influent of mound 41.66 0.7k 50.84 0.76 2.60 67
(distrivution box)

Well water <0.05 0.7k 7.98 <0,03 0.62 5

BOD of effluent in pumping chamber: 121 mg/L (unfiltered), 83 mg/L (filtered).

BOD of sand filtered effluent on soil surface: 120 mg/L (unfiltered), 23 mg/L
(filtered).

area. It is, therefore, no wonder that liguid surfacing from the mound was
neither observed nor reported a®t any time. We may conelude that the effective-
ness of this system in terms of the removal of indicator organisms is insufficient
under the current leading regime dve to local overloading., Better distribution
of effluent over ihe entire bed at each dosing would increase the effectiverness

to an acceptable level. Data were not obtained %o indicate how far feeal
indicator organisms and pathogens could move down the crevices or whether

they could reach the ground water, which was approximately 60 feet below the

bage of the mound.

The chemical analyses (Teble 8.3.7) show high contents of N and P in
the effluent, as sampled from the distribution box. Water sampled from the
house well had a high N content, mainly in the form of organic-N. BOD samples
were analysed by the Sanitary Engineering Iaboratory. A reduction of BOD
Occurred during the filtration through the gand as observed at pit 1 in the
mound. However, a better distribution of effluent in the bed during loading
would lead to lower flow rates through the soil and to a much stronger
reduction of the BOD content.

Conelusicon: This mound provides insufficient bacterial purification of
effluent due to a very pcor distribution of liquid over the entire seepage
bed inside the mound during intermittent losding.




Table 8.3.8. Textural analysis of soil materials in mound No. 2. (Door County).

¢ F.S. M.8. C.8, V.F.8, 8. M.S. C.S. V¢S Texture Fraction >2mm
Nat. AL 7.5 k.50 9.50 8.0 2l.27 24k.27 17.58 5.20 2.,1% Pine sandy loam 1.h
Nat. 82 8.0 L.0 6.50 7.0 26.82 22.63 1k.10 6.04 5.02 Fine sandy losm 17.k
Nat. B3 7.50 2.50 6.0 9.50 27.81 22.32 1k.,38 6.46 3.26 Pine sandy loam 27.0
Nat., ¢ 6.0 4.0 6.50 9.0 21.36 19.63 20.30 9.13 3.50 Fine sandy loam 15.2
Fill. 1,0 1.0 1,50 1.0  3.59 9.03 45.75 17.12 19.32 Sand 55.2

0TS
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8.3.2.5. Door County study area: Mound 2

This mound (Fig. 8.3.11) received septic tank effluent from a family
of five persons, two adults and three children. The house kitchen was provided
with a garbage disposer, dishwasher and an automatic washing machine. No flow
rate data was available, but it can be egtimated to average 375 gallons per
day. This system had been in continuous use Ffor 1k months. No leakage was
observed from the sides of the mound at any time, and there had been no problems
with freezing in the winter. The system was gulite satisfactory to the ocwner.

The natural soil depth over bedrock was about 45 em (18"). A dark
sandy loam AL of about 8 em (3") was found on top of a brown sandy loam B2
(Table 8.3.8). Crevices in the bedrock were filled up with B material for
at least a depth of two feet. No open crevices were observed in the natural
goll at the upper level of the bedrock. An excavation was made as indicated
in Fig. 8.3.11. It was found that much liguid had accumulated on top of the
original soll surface (point b). In the bottom of a deeper pit, excavated
down to the level of the bedrock, liguid also accumulated, though very slowly.
Both liquids were sampled.

SISTER BAY Mound 2

Cross section of mound
10 feet

perforated pipe @ravelly fill

excavation [

silty topsoit

original soil

Top view of system
*» well \

peo’

gravel bed : 400 sqg. ft.

air vent

septic tank
1000
gallons

house perforated pipe

excavation

10 fi.

Fig. 8.3.11. Top view and cross-section with sampling points of mound 2
(Door County).
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The fill in this mound was very coarse (55% of the pariicles were larger
than 2 mm) and the hydraulic conductivity was very high (K 4 = 3400 cm/day,
megsures in a large soil core). The underlying soil had s Kqqt of around
25 cmfday (Fig. 8.3.10). The rest of the conductivity curve was caleulated
by the Green and Cory method, using moisture retention data (Fig. 8.3.12).

It shows a very gradual decrease of K with increasing soil moisture tension,
reguliing in reletively high K values st suctions higher than 30 mbars. The
effluent will flow very fast through the coarse £ill, leaving little opportunity
for purification. The sand £ill used in the other mounds is much better, as
the Ky value, at 260 cm/day, ig much lower and the moisture retention
characteristics more favorable (moisture retention curves were not prepared

for the coarse T£ill of this mound because of the high content of gravel and
stones). Potential moisture tension distribubions were calculated for this
system following the procedure discussed in Chapter 8.3.1.1, assuming a

sandy Till material as in mound 1. Figure 8.3.13 shows the tension distribu-
tion in the fill-topsoil system a% a steady dowrward flow of 8 cm/ﬁay, assuming

o
o
!
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Fig. 8.3.12. Moisture retention data of soil horizons
and i1l materials in three mounds in
Door County.

zero ftension at the bedrock level. This was translated into relative volumes
in Fig. 8.3.14, using moisture retention data (Fig. 8.3.12). The phase
distribution pictured in Fig. 8.3.1k is very favorable, because the fill is
well aserated (27% air) which may induce nitrification of the NH, and organic-N
compounds in the effluent, whereas the underlying topsoil is poorly aerated
(5% air only in the top 10 cm) which may induce denitrification, provided a
sufficient energy-source is avallable. Erickson et al. (1971) have indicated




80T

| fi
~J

3 S
: ¥

o
<
1
T

topsoil

w
o
]

1

T

20

HEIGHT ABOVE CREVICED BEDROCK (CM)
r-9
o
;

104

DOCR CO. MOUND NO. 2
Steady flow rate: 8 cm/day

! i ! 4 | 4 | N |

Pig. 8.3.13.

10 20 30 40 50
SOIL MOISTURE TENSION {MBAR)

Soil moisture tensions in a sand
£111 ard in the topsoil beneath
mound 2 at a steady infiltration
rate of 8 cm/day.

DOOR CO. MOQUND NO. 2
Steady flow rate - 8 cm/day

fil
~J
=}
i
]

liquid air solid

|
T
|
|
|

air

o
<
T

topsoit

liquid solid

L]
o
I
1

HEIGHT ABOVE CREVICED BEDROCK, (CM)
8 8
1 t

101

] " L + ] N 1 |
t t t } -

10 20 30 40 50
SOIL VOLUME (%)

Fig. 8.3.1%. Fhase distribution corresponding with
the flow system in Fig. 8,3.13.

€12




Table 8,2,.10

{bacterial counts pexr gram of soil or per ml in liquid samples)

o1k

‘Bacterial Analvses, Mound System 2, Door County, Oct. 1, 1971

Sample Fecal Total Total
(See Fig. 8.3.11) Enterococci coliform coliform bacteria pH
a, (}influent 2,610 6,000 18,300 183x10° | 7.9
to mound .
b, 1iquid from 18 170 700 5x10° | 7.8
mound~-topsoil
interface
c, A horizon X X 20,000 54x10° | 7.2
below mound
d, B horizon 3.0 X 6,000 73x103 7.4
below mound
e, (l)liquid at * 1-10 33 134x103 76
B horizon-~bedrock
interface 2,5 * 80 210x10° 75
Well water(l) * * * 345 8.1

(1)

liguid samples

(2) duplicate samples taken

*

X

organisms not detected,

organisms not detected,

£1/ml in

average of

triplicate platings

£10/gram in average of triplicate platings
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the feasibility of this approach. The chemical data {Table 8.3.9) show a
high content of nitrates in the ligquid on top of the soil surface and at the
bedrock level, while the NHj, content is low. This indicates oxidative con~
ditions during the movement of the effluent from the distribution box into
the gravel bed and through the fill. HNitrate levels of the well water of the
house (2.5 ppm) are low, but there ig a rather high content of total N,
indicating a considerable amount of organic N¥. The same trend was observed
in well water from the other three mounds. There is an insufficient, though'

Table 8.3.9. Chemical analyses of effluent, percolating liguid and well
water for mound No. 2. {Door County).

NH,-N (NO2+N03)-N Total N Ortho~P Total P C1

Influent of mound 29.88 0.50 38,44 0.72 2,60 58
(distribution box) :
Ligquid on top of 1.12 ok .o hr.62° 0.6k 2.36 82
original soil surface

Iigquid on top of 1.30 ok .86 kg.11 0.23 1.20 75
bedrock

Well water 1.36 2.54 7.69 <0.03 <0.03 2

BOD of effluent in distribution box: 125 mg/L (unfiltered); 112 mg/L
{(filtered).

BOD of liquid on top of the soil surface: 37 mg/L {unfiltered).

considerable, reduction in bacterial counts in the liguid while moving through
the coarse £ill that proved ineffective asg a filter as is indicated by the
still relatively high countg in the liguid on top of the original soll swrface
(18 Fs/ml and 170 FC/ml (Table 8.3.10). Analyses of samples taken on top

of the bedrock revealed the presence of some fecal indicators (2.5 FS/er

and 1-10 Fc/gram). Further purification will cccur when the liguid moves
down through the soil~filled crevices, that, however, occupy only a fraction
{about 30%) of the total horizontal area. This indicates a concentrated
burden on the absorptive and filtrative capacity on the soil in those crevices.
This system has therefore to be classified as only marginally effective at
this time. Use of a finer textured £ill (a sand or loamy sand)} could have
given better results. :

Conclusion: This mound provides merginal bacterial purification of effluent
gt this time due to an ineffective gravelly fill material.




Photo 8.3.

Mound system 3 in Door County. The mound (M) is characterized by gentle sideslopes and by an airvent
on top (A). This system functioned quite satisfactorily.

9T¢
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8.3.2.6. Door County study area: Mound 3

This mound (Fig. 8.3.15 and Photo &.3) had a temporary low loading
rate estimated gt 100 gallions per day at the time of the monitoring. The
system had been in continuous use for 14 months. The present owner of the
three bedroom house Was the third occupant. o leakage had been observed
from the sides of the mound at any time and there had been no problems with
freezing in the winter. The gravel filled seepage bed was very close to the
surface {within 20 em; 8"). This had caused very poor growth of grasses on
top of the mound, guite in contrast to the abundant growth on the sides.

The plan of this mound, 1like that of Mound 1, differed from the actual
congtructed system. The bed had a different orientation from that indicated

on the plan and the sedquence of £ill layers was apparently improvised on
the spot.

SISTER BAY Mound 3
Cross section of mound

perforated pipe

“’—0—0—0—)—‘—0—5—0—-0—-]'
10 feet
sandfill grave] bed elxcavation
original soil \ | silty topsoil

Top view of system —-—N
Gross section ——

excavation

& well
slope 2%
j pump perforated pipe
septic tank
house 1000 gallons

grave| bed
800 sq. .

Fig. 8.3.15. Top view and cross section with sampling points of mound 3
{Door County).




Table 8.3,12

(bacterial counts per gram of soil or per ml in liquid samples)
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Bacterial Analyses, Mound System 3, Door County, Oct. 12, 1971

Sample Fecal Total Total

{ See Fig. 8,3.15) Enterococci coliform coliform bacteria pH
a, fill material *# i 18 30.0x104 7od
60 cm above
soil surface
b, £fill material *x *x 10 444x10% | 7.5
immediately above
soil
c,{ P s0il above * % 1,980 40.6x10% | 7.2
bedrock *% *% 800 60,0x104 766

(1) . s %3 %% 4 c
4, fill material 20 27 ,2%10 6.9
immediately above
soil * o 24 9,4x104 7.8
Control I 26 *% *% 174x104 7.3
(natural topsoil)
Control 11 44 *x ** 316x10% 7.6
{natural topsoil)
Well water * * * 648 8.1

(1)

*®
]

* %

duplicate samples taken

organisms not detected, <&£1/ml in average of triplicate platings

organisms not detected, €6/gram in average of triplicate platings
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The natural soil depth over bedrock was about 30 ecm (12"), A dark
sandy loam Al of around 20 cm (8") was found on top of a thin, brown loamy
sand B2 (Table 8.3.11). Crevices in the bedrock were all filled with B2
material. An excavation was made as indicated on the disgram. It was
found that natural topsoil had been removed for a depth of about 15 em (6")
before the fill was added. This was quite unfortunate as a silty topsoil
relatively rich in organic matter, is g much more effective Pilter +han tﬁe
£i1l material itself.

Table 8.3.11. Textural analysis of soil materials in mound No. 3.{Door County).

C s MS s VES s MS Cs ves Texture

Nat. AL 8‘50 7.0 9.0 6.50 8.3h 18.99 34.52 L4.80 1.38 Sandy loam

Nat. B2 3.50 2.50 3,00 6.0 16.02 20.k2 30,30 9.95 8.28 Ioamy fine sand

Send Fi1l 1.50 1.0 0.50 0.50 2.70 .78 ThH.B2 6.63 2.36 Sand

Mound Fill 3.0 L.,50 6.0 5,50 T7.36 17.95 25.18 22.06 8,07 Coarse sand

Sizing of the gravel bed at 500 square feet seems to be marginal, as
a normal loading here for a three bedroom house could amount to 450 gallons
per day, which represents a layer of liquid of gbout 4.5 em per day. When
applied at a constant rate during the day, this yields a tension of about
25 mbar, which is the common tension below crusts in subsurface seepage beds
in sand soilg. When crusted, this bed would be just large enough to handle
the effluvent.

Samples were taken of liguid that seeped into a little pit, dug to the
bottom of the £ill (poimts d and b). Analybical dats show that this system
was operating efficlently in terms of FC and FS removal (Table 8.3.12).

The soil material above the bedrock, however, did contain relatively high
TG (total coliforms) counts (800 to 2000/gram) which apparently originated
from the septic tank effluent. Coliforms were not detected in the natural
topsoil (see control samples), Stimulation of growth of natural soil coli-
forms, originally present in low numbers, by nutrients agssocigted with the
mound effluent could account for this high TC count.

Analyses of the well water at this location gave results comparable to

those obtained at the other mounds (0.37 mg/L NE,-N; 0.62 mg/L (NO3 + NOp)-N;
5.21 mg/L total N; <0.03 mg/L ortho-P and 0.1 mg/L total P - Cl wags 3 mg/Lj.

Conclusion: This system can be classified as very effective.




220

8.3.2.7. Door County study area: Mound 4

This mound (Fig. 8.3.16) had an estimated loading rate of 225 gallons
per day (2 adults and 1 child). The system had been in use for about four
months, and no problems had been encountered. The natural soil depth over
bedrock gveraged 25 em (10"), with a loamy ssnd Al of zbout 15 cm (6") over
a loamy sand B2, Tocally soil thickness was observed to be 60 cm {2L")

(Table 8.3.13). Crevices in the bedrock were filled with soil. An excavation
was made as indicated on the diagram, ss close to the effluent inlet as possible.
The sand f1ll in the mound was not saturated in the area below the inlet,

which could indicate a better distrivution of effluent through the perforated
pipe than is usually found. The gravel bed had an area of 500 square feet

(45 m?). A loading of 225 gallons per day represents a layer of liquid with

a thicknegs of 2 cm, which, when distributed evenly over a 24 hour period,

would correspond with a soil moisture tension of around 32 mbar (see conduec~
tivity curve of the sand £ill in Fig. 8.3.10), This figure, lower than

25 mbar, demonstrates that the sizing of the bed is quite adeguate. The

SISTER BAY Mound 4

Cross section of mound

gravel bed
excavation perforated pipe ¢4 fill 10 feet
\ .
: silty topsoil
gravelly fili 41_(*
9,;;;;:;ﬁ;%ﬁ’?‘-i{:tiii?,{?::”" original soil
L A 7 : -
/___‘ Tvya R e
_______.._-_—_ i el s — . — m ._
cC REV I CE D B E DR O C K
Top view of system Tross section
—rl
10 fu.
l perforated pipe
~——N s
A air vent
“ft pump /\/ >, PAEIT " St
——D—Q/«oo teet gravel bed
) b 500 sq. ft.
septic tank excavation

house  1000¢ gallons

Fig. 8.3.16. Top view and cross-section with sampling points of mound b
(Door County).
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Table 8.3.13. Textural analysis of soil materials in mound No. 4. (Door County).

c FS MS CS VFS TS MS cs  ves Texture
Nat. Al L,Oo 2,0 6.0 6.5 2.20 10,10 61.30 6.45 1.03 Ioamy fine sand
Nat. B2 6.0 4.0 k4,5 5.5 5.86 16.16 L4B8.85 7.12 2.21 ILoamy fine sand

8and Fill 2.50 1.0 O 0.50 2.17 19.74 68,03 L.,5k 1.8 Sand

Coarse Fill 1.0 2.50 ©,50 1.0 2.73 2.84% 43,65 31.97 13.k2 Coarse sand

50 DOOR CO. MOUND NO. 4
MOISTURE RETENTION

n
i

MOISTURE CONTENT (VOL%%)
O

3o % 5 % Jab

SOIL MOISTURE TENSION (MBAR)

Fig. 8.3.17. Molsture retentlon data for soil horizons
in a Summerville loamy sand (Door County,
mound L). '

same conclusion would hold if figures are calculated for a loading of 300 gallons
per day (2 bedrooms, L4 x 75 gallons), corresponding with 3 cm per day and a
tension of around 28 mbar. Potential moisture tension distributions were also
calculated for this system, assuming, again, a downwards flow rate from the
seepage bed of 8 cm/day (25 mbar)., The moisture characteristics of the topsoil
are quite different from the topsoil under Mound 2 (see Fig. 8.3.17 and 8.3.10).
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DOOR CO. MOUND NO 4
Steady flow rate - 8 cm /day

fill

.
]

topsoil
— N
2 it

HEIGHT ABOVE CREVICED BEDROCK (CM)

z ’
T T

L i 1 3 |
10 20 30 40
SOIL MOISTURE TENSION (MBAR)

Fig. 8.3.18, Soil moisture tensions in a sand fill
and in the topsoil beneath mound 4 at
a gteady infiltration rate of 8 cm/day.

DOOR CO. MOUND NO.4

s Steady flow rate : 8cm./ day
&) 50T
o
U .
8 F401 air solid
a liquid
m
2—s0+ — — _ A — -
‘aq air | solid
-
o 20+
wE liguid
>§ |
28
< 10+
[
I
=
% } t —t } + —t
10 20 30 40 50

SOIL VOLUME (%)

Fig. 8.3.19. Phase distribution corresponding with
the flow system in Fig. 8.3.18.
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Table 8.3.14. Chemical analyses of effluent and well water for mound No.k.

NH) ~N (N02+N03)—N Totgl N Ortho~P Total P cl

Influent of mound 169.88 0.7k 19k.68 l.22 2.8k 100

(distribution box)

Well water <0.05 1.98 8.95 <0.03 0.0k 3
Table 8.3.15 Bacterlal Analyses, Mound System 4, Door County, Oct. 12, 1971

(bacterial counts per gram of soil or per ml in liquid samples)

Sample Fecal Total Total
(See Fig., 8.3.16) Enterococci coliform coliform bacteria pH
a, (1) £i11 material *# *% 8 7,800 7ed
above topsoil Ll *¥* x¥% 18,200 7.6
b (1) patural 136 % 2,100 169x105 7.2
topsoil 12 *% 7,200 90x10° 7.4
Mound influent(2) 5,760 1,160 10, 400 67.1x10° 8.3
well water(2) * * * 34 843

(1)

duplicate samples taken

(2) liquid samples

*

* %

= organisms not detected, £1/ml in average of triplicate platings
= organisms not detected,  6/gram in average of triplicate platings

The tension distribution in Fig. 8.3.18 and the corresponding phase disgram

in Fig. 8.3.19 are, however, basically similar to those for Mound 2, showing

a well aerated fill and a relatively poorly serated underlying topsoil. Natural
topsoil had been removed below this mound to a depth of about 15 cm (6"), as

in the case of Mound 3. This practice should be discouraged since topsoil is
an effective filter. The chemical analyses of the influent of the mound

(Table 8.3.1%4), sampled in the distribution box, showed a very high NH, content,
whereas the P content was also relatively high. This points to the occurrence
of a concentrated waste at this site, possibly as a result of the fact that

the house was not equipped with an automatic waghing machine., Fecal coliforms
and FS were not detected in the sand £ill on top of the truncated original

soll surface at a location in the mound which was directly below the effluent-
inlet, the sampling point considered most critical (Teble 8.3.15).

Conelusion: This system can be clagsified as very effective,
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8.3.3. Discussion

The data presented in Chapter 8.3 have demonstrated the potential of
mound systems for disposal of septic tank effluvent in soils that are unsuit-
able for the conventional type of subsurface soll dispoesal, either because
of very slowly permeable soll, periodic high ground water level or the
oceurrence of bedrock close to the soil surface. Dimensions of mounds can
be caleulated only when hydraulic conductivity and moisture retention character-
istics of £ill and natural soil have been determined. Tt was found that
seepage beds inside mounds on top of slowly permeable solls should be elongated
and located perpendicular to the general direction of the slope. Seepage
veds in mounds over creviced bedrock could be more square, which offers esthetic
and economic advantages. Hydraulic conductivity and moisture retention character=-
istics were also used to calculate moisture tengions and moigture contents in
£ills below seepage beds and in topsoils as a function of different infiltra-
tion rates, A minimum thickness requirement of twe feet of fi1l below the
seepage bed between it gnd the original soil surfsce was based on this eaglcu-
lation. Fill should preferably have a sandy or loamy sand texture. Coarse,
gravelly £ill materials are unsuibable as indicated by bacterial daba in
Chapter 8.3.2.5. A very crucial point in the operstion of a mound system is
the method of gpplication of effluent. TIn most mounds effluent will have to

SEEPAGE BED IN MOUND: Mechanical pumping; dosing of effluent.

Poorly functioning

e e e

dosing

aeration

Fig. 8.3.20. Different systems of effluent distribution by pumping into
secepage beds inside mounds.
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be pumped into the seepage bed at regular intervals. A good distribution of
effluent over the entire seepage bed area at each dosage is essentisl for
proper hydraulic functioning (see Fig. 8.3.20)., 'The upper picture shows a
poor distribution of effluent due to the use of a highly perforated pipe

{see Mound 1 in Door County study area where local overloading resulted in
poor overall bacterial purificaticn. A betber system, now in development, is

illustrated in the lower part of the figure: effluent is equally distributed
over the entire bed area, thereby avoiding local overloading. The surface of
infiltration in the 111 adjacent to the seepage bed is in contact with air
after g pericd of dosing and infiltration of the effluent. This will strongly
decrease the possibility of crust formation there (see Chapters 6.2.2.2 and 8.2).
The gize of the bed, however, has to be desigred large enough to avoid failure
of the system from overflow in case of eventual crusting. Since flow rates
through natural crusts around seepage beds in sand were measured elsewhere
(Chapter 5), sizing could be calculated accordingly. In all mounds studied to
date rno problems were encountered with freezing in wintertime. This is probably
due to the relatively warm temperature of the effluent and, in particular, to
the insulation provided by two feet of topsoil and the usual snowcover over

the seepage bed (see Chapter 5.2.L). More chemical, physical and bacteriologi-
cal dats will be oblained in coming seasons, to mske possible further evalu-
ation of the mound system concept.
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Appendix

Table 1,~-Observation Well Data at 5 Study Sites in Adams County 232
Well construction Altitude Height of well
Obhservation well curb curb above
Well Casing Depth Screen (feet) Land Surface
(feet) Aug.18 Nov.11 {feet)
A 2" Conduit  9.90 None 18.96 18.85 0
Bl ' " 9,60 " 18,09 18.10 0
B2 " 9.20 " 18.08 18.09 0
B3 " 8,80 " 17.49" 17.50 0
B4 " 9,80 " 17.52 17.53 0
B5 " 9.80 " 17.28 17.30 0
B6 " 9.90 " 17.16 17.17 0
B7 " 8.90 " 17.18 17.20 0
B8 " 9.60 " 16.87 16.88 0
cl " 9,90 " 17.34 17.33 0
c2 " 9.70 " 16.65 16.67 o
C3 " 7.80 " 16,33 16.34 i}
c4 " 9,80 " 16.83 16.85 0
c5 " 9,90 " 16.35 16.35 .4
D1 " 9,80 " 16.65 16.67 .5
D2 " 10.00 " 16.67 16.66 .5
D3 " 9,70 " 16.31 16.31 .4
Site 1 {Assumed datum
20 feet)
Al £" Conduit 5.0 None 8.03 8.02 0
A2 " 5.0 " 8.15 8.14 0
A3* " 1.9 " 8,19 8.18 0
A4 " 5.3 " 8.29 8.17 0
A5 " 4.7 " 8.26 8.23 o
Bl " 4,4 " 7.90 7.90 o
B2 " 3.9 " 7.72 7.71 0
B3* " 1.4 " 7.55 7.54 0
B4 " 4.8 " 7.45 7.40 0
c " 5.0 "’ 8.69 8.68 0.1
D " 3.3 " 7.18 7.16 0
E " 2.8 " 7.09 7.04 o
¥ " 5.9 " 9,95 9.95 2.0
H 13" iron 16.90 12" 17.53 17.50 1.0
pipe 80 mesh (Assumed datum
*Taps Gra- well 10 feet)
vel filled Site 2 point
Trench
A 2" iron
(House pipe
well) ? ? 51,72 ?
Bl 13" iron 18,0 12" 50.90 1.3
pipe 80 Mesh
B2 " 16.1 " 50.76 1.1
B3 " 16.9 " 50, 87 1.4
B4 " 16,9 " 50.40 1.5

Bite 3
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Well construction Altitude Height of well
Observation well curb curb above
Well Casing Depth Sereen (feet) Land Surface
(feet) Aug.18 Nov.11 {feet)
cl " 16.9 " 49.57 1.7
c2 " 12.9 " 47.20 1.2
(Assumed datum
50 feet)
01d club 2" iren 35 0 1.6
House Well pipe (rep'd) ’
New club ”
House Well 6 casing 100 2 109.86 2.3
{rep'd)
Bl 11" iron 51.3 12" 98.93 1.4
plipe 80 Mesh
B2 " 34,2 " 100,00 0.1
B3 " 34,8 " 98,72 2.8
B4 " 52.5 " 98.32 2.2
B5 " 57.2 " 98.43 3.5
C1 : 34.2 " 97.49 1.4
c2 55,4 " 98,51 2.9
Site 4 (Assumed datum
100 feet)
House well N ? .
A 13" iron 12 '
pipe 27.2 o0 Mesh 31.85 3.0
Bl " 26.0 " 30.10 2,0
B2 " 24,0 " 27.64 .9
B3 " 22.0 " 27.52 1.3
B4 " 23.8 " 25.91 0.8
Cl " 24.0 " 26,30 1.7
c2 " 27,2 " 26,96 2.5
Bite 5 (Assumed datum

30 feet)
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Table 2,-=-Depth to ground water data

Well Depth to Water below well curb (feet)
Aug, 5, 1971 Aug. 18, 1971 Nov. 11, 1971
A - 8.44 8.01
Bl 7.72 7.65 7.20
B2 7.73 7.64 7.20
B3 7.16 7.07 68.63
B4 7.21 7.11 ' 6.67
B5 6,97 6.86 6.44
B6 6.86 6.76 6.17
B7 6.89 6.79 6.35
B8 6.61 6.51 6,08
Cl —— 6.81 6,40
c2 6,29 6.19 5.76
c3 5.98 5.66 5.24
C4 6.54 6.43 6.04
Cc5 = 5.97 5.57
D1 6.55 6,19 5.76
D2 Site 1 —— 6.23 5.81
D3 ——— 5.90 5,47
July 28, 1971 Aug. 18, 1971 Nov. 11, 1971
Al 2.40 2.26 2,37
A2 2,52 2.37 2.49
A3* 1,58 1.57 1.48
Ad 2.62 2.51 2.54
A5 2.62 2.01 2,59
BlL 2.26 2.09 2.28
B2 2.08 0.35 1.63
B3* 0.91 0.91 .81
B4 1,79 0.98 1,78
c 3.05 2,95 3.03
D 1,59 1.44 1.55
E 1.52 1.27 1.43
F Site 2 4,42 4,29 - 4,44
H - 11,73 11.82
Aug. 18, 1971 Nov, 11, 1971

Bl 10,86 10,19

B2 10.61 9,97

B3 10,69 10.03

B4 10.16 9,42

C1 Site 3 9.53 8,87

C2 7.27 6,59
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Well Depth to Water below well curb (feet)
Aug. 11, 1971 Aug. 18, 1971 Nov. 11, 1971
0Old club . .
house well flowing flowing flowing
New club
house well 58.78 58.7 = mmme—
Bl 48.23 48,25 48.39
B2 32.93 31.91 32.44
B3 33.32 33.29 33.43
B4 47 .60 47 .62 47,73
B e 47,82 47,92
C1 Site 4 2= ==——- 34,20 33.41
cz  eee—— 55.40 48.20
Aug. 18, 1971 Nov., 11, 1971
A 23.39 23.36
Bl 21.62 21.64
B2 19.10 19,13
B3 18,80 18.67
B4 17.33 17.33
C1 Site 5 17.71 17.77

c2 ig.38 18.45




AREA OF STATE (acres)

Land 35,011,200
Water 1,136,920
Total 36,148,120
LAND USES

In farms 60%
In forest 36%
Rural roads 2.2%
Urban lands 1.1%
Rural community lands 0.7%

Cartography by Randall D. Sale and Jeanne T. Liu

| SOILS OF WISCONSIN
A GENERALIZED MAP
SOIL SURVEY DIVISION
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MILLIONS REGIONWIDE RATINGS*
MAJOR SOILS OF ACRES OF SOIL LIMITATIONS FOR
General
‘ Livestock Forestry , Urban
Farming development
A. Fayette, Dubuque 3.0 2 2 3
Ap. Tama, Dodgeville 0.8 1 4 1
B. Dodge, Casco, Morley 4.1 1 3 2
Bp. Waupun, Wea, Varna 0.6 1 4 1
- C. Plainfield, Oshtemo 17 - 2 2
Cp. Sparta, Gotham 0.5 gr 3 2
D. Hixton, Norden, Gale 3.1 3 2 3
E. Onaway, Emmet, Shawano 1.5 3 2 3
| F. Withee, Santiago, Antigo 5.7 3 3 3
Fp. Jewett, Waukegan 0.1 1 3 1
“ G. Iron River, Kennan 6.3 4 1 3
E H. Omega, Vilas 2.7 e 1 2
- |. Hibbing, Kewaunee 29 2 3 3
J. Elba, Poygan, Newton, 20 o 3 4

Houghton, Arenzville

*RATINGS ARE AVERAGES BY REGIONS. In each region there are many localities with
-soils of better and/or poorer ratings than that indicated.
1=slight limitation; 2=moderate ; 3=severe ; 4=very severe **Some areas are highly

productive of vegetables, specialty crops and field corn with irrigation and/or drainage.

JSES OF LAND ON FARMS
(21,400,000 acres)

Cropland 59%
Pasture 15%
Woodland 8%

Permanent Woodland & other  18%

USES OF CROPLAND

(12,250,000 acres)
Hay
Corn
Small grain
Canning specialty crops
Other crops
Idle land

Above data based on information from the Wisconsin Crop and Livestock Reporting Service

33%
2%
19%

3%
11%
12%

For additional information on soils see your local County Agent, Soil Conservation Service Conser—

vationist or write to: Soils Building, University of Wisconsin, Madisen, 53706.



~ uplands. Very shallow and stony soils, largely in forest and pasture,
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and acid, shaley, impermeable sandstone in parts of Wood, Clark and
Jackson Counties. Slopes are mostly gentle but some buttes occur.
These wet soils have severe limitations for farming and road
construction.

E. Rolling pink loams (Onaway), sandy loams (Emmet) and
nearly level fine sands (Shawano) are underlain by limey glacial
drift. Most soils of the Door peninsula are shallow to limestone
bedrock. Many soils of the region are suited to dairy farming,

A. Silty, deep (Fayette) and more shallow (Dubuque) soils, over
stony reddish-brown clay and limestone bedrock, are extensive on

occupy steep valley slopes. Silty soils similar to the 1_1p1and soils
are gg foot-glopes );nd natural bench laqu. Sandy soils_ (Dakota,
Sparta) also occur on bench lands. Erosion contro_l practices, sgch
as contour strip cropping, are used widely. The soils of this region
are productive of farm crops and offer great resources for recreation ) ]
and wildlife habitat. : others to forestry, specialty crops and recreation.

Ap. Black silt loams, deep (Tama) and more shallow (Dodgeville) F. Somewhat poorly drained silt loams (Withee, Almena) over
over stony clay on limestone bedrock, occur on broad,_ gently rol!mg‘ acgd, compact, stony loam till are more extensive than well drained
ridges. These soils have formed under prairie vegetation from wind- | spils (Santiago) on the gently rolling plains. Intensive fertilization
blown silt called “loess.” and drainage make these soils productive of forages and small

B. Dodge, McHenry and related soils have developed from loess grains. Poor drainage causes problems with roadbeds and sewage
and limey glacial tills of loamy texture. They are found in all but disposal. Well drained silty soils (Antigo, Stambaugh) are on less
the eastern-most parts of this region. Shallow to moderately dgep extensive plal_ns of .outwash sand anq gra\{el, and, with Goodman
loamy (Casco) and stony (Rodman) soils of the hilly Kettle Moraine  soils, predominate in northeastern Wisconsin.
extend in an irregular belt from western Waukesha County to  Fp. Dark silty soils on rolling glacial till (Jewett) and on nearly
central Manitowoc County. Near Milwaukee and Kenosha are level outwash (Waukegan) have formed under a small prairie in
clayey soils (Morley, Blount) underlain by limey, clayey glacial till. | northwestern Wisconsin, now used for farming.

These soils present drainage problems, particularly with respect G. On the glacial till upland of northern Wisconsin are acid,
to disposal of sewage effluent in suburban areas. Wet soils occur stony sandy loams and loams (Iron River, Kennan). Pence and
throughout the region. . . Onamia sandy loams and loams occur on outwash plains. Irregular

Bp. Dark silt loams and loams (Wea, Warsaw) occur over glacial slopes, stoniness, droughtiness, wetness and short growing season
sand and gravel on the plain in Rock and Walworth Counties. On limit use of soils in this region for farming.
the till uplands of eastern Racine and Kenosha Counties are dark, H. Reddish-brown (Omega, Vilas) sands occur on nearly level,
clayey soils (Varna, Elliott). On rolling upiands of central and rolling and hilly terrain. They are droughty, acid, low in fertility
northern parts of the region dark silt loams (Waupun, Mendota) and easily eroded by wind when bare. Most of the state’s lakes
occur over loamy glacial till. occur in this soil region.

C. Droughty, light colored sandy soils (Plainfield, Oshtemo) and ] Near Lake Superior reddish-brown clayey soils (Hibbing and
imperfectly drained soils (Morocco) have formed from level to Ontonagon) occur on moraines and nearly level lake plains. The
rolling sandy glacial drift. Abundance of ground water allows sub- ¢ool, moist growing season severely limits many kinds of farming.
stantial irrigation farming on nearly level outwash plains. Wind- Similar soils (Kewaunee, Manawa) occur in eastern Wisconsin, where
breaks are needed on cultivated fields to check wind erosion.  climate is more favorable for crops. These clayey soils are productive

Cp. These dark sands (Sparta, Gotham), formed under prairie but require good management. Problems may arise in building roads
vegetation, are very similar in texture to soils in region C. rand basements, and in disposal of septic tank effluent.

D. These soils developed from hard (Northfield) and soft (Boone) J. Wet or flooded mineral soils (Elba, Poygan, Newton, Arenzville),
sandstones; from brown (Hixton) and green (Norden) siltstones and peat and muck (Houghton) occur in countless depressions over most
sandstones; and from a thin silty layer over sandstone (Gale). Slopes | of the state. The map shows only a few of the largest areas. Some of
are gentle to steep, short and irregular. Water erosion is a serious these soils are use(_i for crop production, pasture and sod farming.
hazard. Wet soils (Merrillan, Vesper) have formed from silty material Many others constitute the state’s prime wetland wildlife habitats.

SOILS OF WISCONSIN

F. D. Hole, M. T. Beatty, and G. B. Lee

Published by The University of Wisconsin,
Wisconsin Geological and Natural History
Survey, Soil Survey Division.

Wisconsin’s 350 soils can be grouped into
ten general regions, with four additional
subregions of predominantly prairie soils.
As you travel across the state the regions
appear as distinctly different landscapes.
Differences in land form and land use
between regions are related to character-
istics of the soils.

3 A-HORIZON
TOPSOIL

1B-HORIZON
suBSoIL

C-HORIZON
PARENT MATERIAL

~—=—{R-BEDROCK

A SOIL PROFILE

Figure 1.

In many bare road cuts we see soils
exposed to a depth of several feet. Such
exposures (Fig. 1) reveal the vertical cross-
sections or “profiles” of soils comprised
of horizons (layers) of topsoil, subsoil and
underlying materials. Figure 2 gives profile
sketches of some typical soils of the state.

Soils are named after geographic features,
such as towns and streams. Waupun silt
loam, for instance, was first described near
Waupun, Wisconsin. Soil names may change
from time to time as soil scientists learn
more about the soils. The legend of this
map identifies each soil region by the names
of several major soils. Many other soils
are present.

In cooperation with the Department of Soil
Science, College of Agriculture, Madison,
and the U. S. Soil Conservation Service.
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