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Summsry

Soil geepage trenches, used for the disposal 5T effluént from septic
systems, were studied at nine'locations in as many kinds of.soils.in Wiscon»
gin. Soil moisture tensions around and below the trenches were relatively low,
that is between 10 and 80 mbar;'désPite the fact thatb effluenxlwas ponded in
the trenches a fev inches away. Such a.conditi§ﬂ can only be explained B
physically by aSsumi.ng the presence of a hydraulically resistant organic a.nd/or
mineral crust at the boundary layer of trench and surrounding soil (Sec. 3.2.5).
The'effect ie to decrease the potential head at the interfave, thus reducing
the driving force and decreasing the liquid content (and correspondingly the
hydraulic conductivity, K) of the soil. ' The crusts are composed chiefly of
organic subsiances, formed under ansgrobic conditions. These products are
broken down, upon aeration, and crust resis%ance is correspondingly reduced.

On the other hand, mineral crusts_formed by slaking of soil or compaction of
the Bed,surface during construction, are of permanént'naturé. Irreversibly
:i._ron=-cémented mineral crusts were not encountered in this study.

In view of the fact.that effluent usually seeps out of septic systems
through unsaturated soil, a new field test was developed 5 measure hydraulic
eonductivity {K) (which is the infiltration rate when the'potential gradient
is unity) as a function of water content of unsaturated soil. The_test was
based on the use of artificial crusts of varying resistance (Sec. 2.3); The
resulting data, along with weasured potential gzadien’ss (Sec. 2.5), made pos-
gible an accurate estimation of flow rates of effluent from seepage trenches.
These values were much lower than percolation rates measured with the State
Percolation Test procedure (Sec. 2.1 and 3.5) and a 'hydraulic. conductivity
(K) of sa%uzated 821l above the watertable, as measured with the Bouwer double

tube apparatus (Sec. 2.2). Replicate state percolation test results at




individual sit_es had a high coefficient of variability (CV) of 50%, cé.usec‘i
by undefined boundary condj.tions and by the falling hesd procedure followed
in the test. Coefficient of variability was reduced to 35% (Séc. 3.5.2) by
maintaining a constant level of water of 15 cm (6") above the gravel. The
better defined Bouwer test had a CV of 25%. _raeasurements maae_ by thi.s teét at the same
locations in summer and in spring did not show consistent significant
differences due t2 éeasonal variation in soil conditions.
The septic seepage fields observed in this study may be characterized
with respect to three classes of conditiong of soll horizons:
Class 1 Soil horizons with saturated-X values that are too low to accept
the effluent flowing into a system at common loading rates, irregardlﬁss of
effects of crusts. The B3 horizqns of the Withee s8ilt loam at Marshfield
(Sec. 3.1) and of the Ontonagon silty loam at Ashland (Sec. 3.3) are examples.
COnSideratiqn may be givén,to installatioﬁ of mound or "Nodek" septic systems
in order to elevate the zome of discharge of effluent several feet above such
soil horizons or above high-standing watertables. The mound consists of man-
made overburden of sandy material. Thfee experimental mound systenm_ﬁere
sﬁudied in Clark County, Wisconsin and suggestions are made for improvement
of design (Sec. 3.6).
Class 2 Soil horizons with satisfactorily high saturated-K values, but with
severe crusting ﬁroblems on the surfaces 5f trenches. 'The glacial'till under
the Saybrook silt loam at the Poultry and Dairy farms at Arlington (Sec.
3.2) is an example. Soil mbisture tensions in soil'beyond Strongly.developed
crusts vere as high as 80 mb, indicating a reduction in infiltration rate into
the soii aboﬁt 300 times below saturated-X values. Ponding of effluent sccurred
in the trenches. 1% vas found, by emptying a_trendh of effluent énd thereby
admitting air to the crusts for two wt_aeks, that the ra’;e of infiltration of

effluent subsequently introduced was increased markedly. Intentional application




of very high loading rates accelaréted_poh&ing of efflﬁent and; withiﬁ.a week's
time reestablished high suctions around 80 mb in the glacial till. This in-
dicates that the actual infiltration rate of.effluént.into the soil is determined
by the 1qading regime of the septic system. Very low loading rates or doéing

of effluent at higher rates are necessary for pfoﬁer functioning of such éystems.
Clasg 3 Soil horizons with high saturated-K values, and with moderate crusting
that does not reduce infiltration to unacceptably low levels. The Plainfield
sand at Friendship (Sec. 3.4.2) is an example. In absdfption systems thst

‘are close to the surface in such a porous soil.material, aeratioﬁ of the soil
around the absorption bed may be sufficiéntly high to obviate tota; anaerobic.
conditions. The resﬁlting moderstely developed crusts represent g steady state
between accumulation and decompﬁsition of organic material that allows
infiltration rates to remain at a satisfactory level.

The nceurrence of unsaturated flow around séepagé beds is very favorable
for the disappearance pf fecal microorganisms. The effluent was purified in
this regspect by flow through 15 to 60_cm of goil. Om thé other hand,
chemigal pollution, mainly by nitrates and phﬁsphates,-persisted,in the soil
_around some of the septic systems studied and appéars_to be difficult 4o
eliminate. | |

Tis progréss report defines a number of topics needing further investi-

gation {Sec. k),




1. Introduction

In'tﬁe.first report on the development of a field proceduie £t predict
the movement 5f liquid wastes in s2il (Bouma gg al., 19705 methods were
described to test hydraulic properties of soiis . -Hydra,ulic conductivity (k)
of saturated s5il was measured (July-Fovember, 1969) with the Bouwer doubl.e.
tube apparatus in mgjor horizons of seven representative soil pedoné in Wiscon-
sin and results were compared with those of the St#te Percolation test procedure.
Some preliminary experiments were made with determination of K values of unsat-
urated s2il horizons in gitu. An investigation was begun of quantitative
relationships between hydraulic properties and soil morphological features as
measured under the microscope.

This second report contains results of field and associated laboratory
work in.the_perioé Qf April through October 1970. DMeasurements were made at
eight lscationsrwith sperating septic tank d13posal-systems,-inciuding permeable
sandy and silty soil onizons.and also slowly permesble ones over which experi-
mental mound systems had.been built. Hydraulic conditions were determined by
applying the newly developed crust-test in the field. The Boﬁwer double tube
equipment was used io measure the saturated hydrsulic conductivity (K); and
pexcolationrrates were determined with the State Percolatiosn Test procedure.
Additional eoil pﬁysical data_were obtained by laborabory analyses of undisturbed
8011 clods an& cores.

Such data are essential for evaluating flow systems around seepage beds
and for making reliable predictions of seepage of efﬁiugnt} However, é study 5f
liguid waste absorption cannst be restricted to hydrologic conditions because
presence or absence of pathologic’srganisms or undesirable concentrations of

nutrients in percolate must be known.



Microbiological analyses of samples cf.effluents and of soil horizons
around fhe séepage beds were made by Mr. Wayre Ziebell in the laboratory of
the EEpa:tment of BaCteriology; under the immediate sﬁpervision of.Dr. Elizabeth
F. Mc Coy. .In addition, BOome analyses of grﬁundwatef samples were made at the
U.W. Soil Testing labofatﬁry‘fo ﬂetermine_contents of N and P. The purpose of
this sﬁudy is to obtain a better underétanding of physical and biological
procesges scewxring in and around septié tank seepage beds and to gpply such
knowledge in devisingz reliable test and monitoring procedures that can con-

tribute to better design and mansgement of soil sbsorption systems.



Photo 2.1

Percolation test constant level (CLPT)

The waterlevel in the container (C)
as visible in gauge (G), is measured
frequently to monitor rate of infil-
tration into the soil. The constant
level of water in the hole is main-
tained by a mariette device, that
bubbles air (A) into the entirely
closed container.

Percolation test procedures

State Percolation test (SPT)

The water level in the hole is measured
with a scale (8) calibrated in inches,
that is attached to a float (F) that
moves up and down with the waterlevel
in the hole. The stovepipe (P) is used
for pouring water in the hole and as a
support for the float.



2. Methods

2.1; State Percolation Test and Modified Constaht Level Fercolation Test:
2.1.1. State'PEréolation Test
A complete description of site evaluation and percolation test procedure
can be found in the Register of the State Board of Health, November, 1969,
No. 167, Section H 62T20'(private, domestic sewage treatment and disposal
systems) and in Chapter H65 (subdivisions not served by public sewers),
August, 1968. The chapter on soil tests and site requirements (No. 2) and
part of the chapter on the soil absorption system (No. S) are reproduced'here.
Measurements of the water level in the test holes for the State Pexcolation
Tegt ﬁeré made using & measuring stick with a scale in inches, mounted on
a float that follawed'the.movement of the water levél in a étovepipe
placed in _thé hole (Photo 2 1). Graphs vere drawn (see exémples in Chapter

3.5) showing the downward movement of the water level as a function of time.

2.1.2. Constant Ievel EEICOl%ﬁiOH Test

The percolation rate, measured with the State Percolation Test, is based
on the rate of downward movement of the water level in the test hole in specified
Lime periods. The varying water level mskes the test rather complicated, and
incregses the varigbility of test results (Section 3. 5). We decided, there-
fore,_to rodify the test by’maintaining the Waﬁer level in the hole at a
eonstant level. Test holes weére similar to those wused for the State Percola-
tion Test. A mariotte device was used to maintain a constant water level in
the hole (Fig. 2.1). Water flowed imto the hole through the plastic tube from
an otherwise'sealed 5 gallon container that was mounted on a stake driven into
the sgil. Outfisw from the container was measured regularly by observing the

water level in a smell external transparent sealed plastic tube connecting the




T
upper and lower parts of the container (Photo 2.1). Grephs (Sectisn 3.5) show
the cumilative infiltration (in mm) in the soil as a function of time. A

discussion of test results is given in Section 3.5.

CONSTANT LEVEL PERCOLATION TEST

MotSTURE Radll
LEVEL Ao SCALE 1

MARIOTTE DEVICE ey ot
NRP[PE --——W\ ,

|
|

Y
\

\ﬁg
N\ \\\

\

Y

\

W

Fig., 2.1



(2) SoiL TESTS AND SITE REQUIREMENTS. (8) Soil tests supervision.
Soil boring and percolation tests shall be made by'or under the direc-
tion and control of a master plumber, or master plumber restricted
licensed in Wisconsin to install private sewage disposal systems or an
engmeer, architect, surveyor or sanitarian registered in Wisconsm,
Certification of the tests shall be gigned by the person providing
supervision and control on blank forms furnished by the department.

(b) Percolation and boring tests. The size and design of each pro-
posed soil absorption system shall be deterrmmed from the resulis of
soil percolation tests and soil borings conducted in accordance with
this section. At least 3 percolation tests shall be conducted with the
holes loeated uniformly over the area and to the depth of the pro-
posed absorption system. At least 3 soil borings shall be dug to a depth

at least 3 feet helow the botiom of the proposed system. The borings
shall be distributed uniformiy in the area of the proposed asystem.

(¢} Septic tank location. No tank shall be located within 5 fect of
any building or its appendage, 2 fect of any lot line, 10 feet of any
cistern, 25 feet from any well, reservoir, swamming pool o the high
waler mark of any lake, stream, pond or flowage. Where practicable,
greater distances should be maintained.

(d) Soil absorntion site. 1. Location., All soil absorption disposal
systemns should be located at a pomt lower than the surface grade
of any nearby water well. The soil absorption systcm shall be located
not. less than 25 feet from any building, dwelling or cistern, 50 feet
from any water well, reservoir or swimming pool, § feet of any lot
line, 25 feet of any water service or 50. feet of the high water mark
of any lake, stream or other watercourse, Where possible, greater
distances should be maintained, ' -

2. Percolation rate—trench or bed. A subsurface soil absorption
system of the trench or bed type shall not be instailed where the
average percolation rate of the 3 tests for the site 1s slewer than 60
minutes for water to fall one inch,

3. Percolation rate—seepage pit. For a seepage pit, percolation tests
shall be made in each vertical stratum penetrated below the inlet
pipe. Soil strata in which the percolation rates are siower than 3¢
minutes per inch shall not be incitded in computing the absorption
area. The average of the results shall be used to determine the
absorption area. '

4. Flood plain. A soil absorption system shall mot be installed in ai'

flood plain.

5. Slope. The soil absorption system shall be constructed on thati
portion of the lot which does not exceed the slope here specified for
the class. In addition, the soil absorption system shall be located at)
least 20 feet from the top of the slope, :

Minutes Required for Water to
Fall One Inch

Shallow Absorption - Deep Absorption’

Class Systems Systems Slope |
L Under 3 Under 2 209, :
2 LTt 3 to 45 2 to 30 1597
B e 45 to 60 30 to 60 . 109,

6. Filled area. A soil absorption system shall not be instailed 1n a
filled area unless written approval is received from the department.
- 7. Ground water and bedrock. There shali be at least 3 feet of soil
bhetween the bottom of the soil absorption system and bigh ground

~ water or bedrock,

STATE BOARD OF HEALTH

‘diately following the soil swelling period, the percolation rate meas- |
arements ghall be made as follows: Any soil which has sloughed into |

Regiater, Ndvember, 1259, No. 167

{8) PercoLATION TEST PROCEDURE. (a) Type of hole. The bole shail -
be dug or bored. It shall have vertical sides and have a horizontal
dimension of 4 to 12 mnches,

{b) Preparation of hole. The hottom and sides of the hole shall
be carefuily 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 he covered with 2 inches of coarse

sand or gravel when necessary to prevent scouring.

_ (c) Test procedure, sundy soils. For tests in sandy soils containing
little or no clay, the hole shall be carefully filled with clear water to
& minimum depth of 12 mnches 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 be added

to a point not more than & inches above the gravel, Thereupon, from °

a fixed reference pomt, water levels shall be measured at 10-minute |
intervais for a period 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 fina! water level drop shall be used to caleulate the percolation

rate. Soils not meeting the above requirements shall be tested as in
subseetion (d) below, .

. |
(d) Test procedure, other soils. The hole shall be carefully filled *

with eclear water and a minimum water depth of 12 inches shall.be

_ maintained above the gravel for a 4-hour perwd by refilling when-

ever necessary or by use of an auntomatic siphon. Water remaining
mm the hole after 4 hours shall not be removed. The soil shall be.
allowed to swell not iess than 16 hours or more than 30 hours. Imme.-

the hole shall be removed and water shall be adjusted to 6 inches over

the gravel. Thereupon, from a fixed reference pomt, the water level
shall be measured at 80-minute intervals for a period of 4 hours
unless 2 successive water level drops do not vary by more than 7% of
an ineh. 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 last 3
measurement periods except to the limits of the last measured water
level drop. When the first 6 mches of water seeps away in less than
30 minutes, the time wnterval between measurements shall be 10 mm--
utes and the test run for one hour. The water depth shall not exceed

_6 inches at any time during the measurement period. The drop that
- peeurs during the final measurement period shall be used in calcu-

lating the percolation rate,

(e) Verificution. 1. Physica! characteristics. Depth to high ground’

water and bedrock, ground slope and percolatlzon test resu]_ts ghall be
subject to verification by the department, Verification of high ground
water shall include, but not be limited to, a morphological study of

soil conditions with particular reference to soil color and sequence

of horizons,

2, Filling. Where the natural soil condition has been altered by’
filling or other attempts to improve wet arveas. verification may re-
aquire observation of high ground water levels under saturafed soil
conditions.




(5) Soitr ABSORPTION SYSTEM. {(a) Disposal of tank éffluent, The
efiluent from septic tanks shall be disposed of by soil absorption
systems or by such other manner approved by the depattment.

{b) Sizz'ngm-«residential The avea required for a soil absorption
system serving residential property shall be determined from the
followmg table usmg soil percolation test data:

Minimum Absorption Area in Square Feet Per Bedroom
Percclation Rate — - - -
Minutes Required for With Both
Water to Fall One Inch Normal With With Grinder and
Plumbing Garbage Automatic Autormatic
Fixtures Grinder ‘Washer ‘Washer
50 63 75 85
100 120 135 165
150 180 205 250
180 215 245 300
200 240 275 330

(e) Sizing—Other. The required area for a soil absorption system
serving installations other than residential property shall equal the
absorption area specified for normal plumbing fixtures according to
the percolation test results mulitiplied by the a;pplicabie unit specified
-in eolumn 2, multiplied by the apphcable factor in column 8 of the

following table :

Column 1

Building Classifieation

Column 2
Units

Column 3

Factor

Apartment byildings__.__________._______.__
. 1 per person.. ...

Assembly hall—no kitchen..
Bar and cocktail lounge_ _
Bowling alley. ...
Bowling alley with bar
Camps, day use only_.
Camps, day and night_.__..__.___
Camp ground and camping resort
Church—no kitehen. .. _______.
Church—with kitchen_
Dancehall _____________

Dining hatl—kitehen and toilet_
Dining hall—lditehen only. ____
Drive-in restanrant. .. ___
Drive—in theater _____________________________

t.e

Hotels or motels and tourist rooming houses___.
Hospital. .. .o e
Migrant labor eamp--central bath house_ _
Mobile home park. . __________..._...
Nursing and rest homes_
Parks—toilet waste only_ __
Parka-showers and toilets_ . __
Restaurant—Xkitchen and toilet_
Retall atore
Retaflatore .. .. ______._ ...
Self-service laundry toilet wastes only_ _
Service station________. . __________.__
Swimming pool bath house_______
3chool—no meals, no showers
School-—meals served or showers.
School—meale and showers_ .

1 1 per

i per bedroom. __ ... ,;---

1 per patron space_
gowhng lane.
1 per bowling lane_
1 per person._ __
1 perperson__.....
1 per camping space.
1 per person.._._._.__
1 per person___ .
1 per person. . ...
1 per meal served_
1 per meal served.
1 per car space._
1 per car Bpace. . oo me e

1l per person_ ... _.oo-eo-o
1 per room____.
1 per bed space_ -
1 per emgloyee ,,,,,,,,,,,,,,
1 per mobhile home site. .

1 per hed space_____.

1 peracre...___
lperacre._______..
1 pet seating space. .
1 per employee__
1 per customer
1 per machine_._
1 per car gerved. __
1 per person_._ ...
1 per clagsroom.
1 per classroom_. .
1 per classroom. . _.
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b Bouwer doubie tube method

5o -
4o 1
71 N Extrapolation to H=0
20 ™~ |
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' Fig. 2.2.1
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Graphical determination of K by estimation
] of Hp values {Baumgart, 1967)
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2.2. The Bouwer Double Tube Méthod

This test has been described earlier (Bowsa et al., 1970). The calcula~
tion of K ;val.ues, .according to the procedure 'ou‘bline.d by Bouwer (1961), may
be di_fficult because of the r_ather_ inaccurate procedure of extrapol.aﬁion (see
Fig. 2.2.1). Problems can be reduced when the total d._ro;j H of the water level
in the inner tube standpipe (ITS) is varied for different measurements, s5 as
to cregte 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 measurement to H = 80 cm, 1nstéad of the usual
Lo cm. 'Ba_umgart (1967) méde a study »f the Bouwer method and suggests g some-
what modified procedure of __calculation? that is based on the Bouwer calculabtion
with .an avallable I—[b value. |

_H_b-is -the difference 1ln cm between t_he top of tijze ogter tube standpipe
{(078) and the water level at balanced flow conditions, when Qp = Q, whé're
QI is the flow leaving through the bottom of the inner tube due to intake and
QCH = flow, ent.ex-ing through the bottom of the inner tube due %o a difference

E between the water levels in inrer and outer tube. Then:

’

2.38 ° H_-H,
K = © logm— (Bouwer, 1961)
Rcht H‘t Hb

where Rv = radius of inner tube standpipe, Rc = radius of inner tube, Ff =

Tlow factor » b = elapsed time, H = distance of water level in the inner tube
below water level in the outer tube H =Hat balanced flow. This equation

can only be ﬁpplied when Hb can be measured. Mostly this ig not the case and
then the OI'S-full and equal-level me.asurements are made (Bouwer, 1961)}.

Baumgart (1967) suggests that this formuls be used in all cases, and to estimate
H, values until the plotted values of t and log H_ -K /H -H, are on a straight

line. With some practice this can be done rather easily and quickly (see
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Fig. 2.2.2, 'fro:ﬁ: Baumgart, 1967). K va.iué_s_ caiculated by this procedure
compared we]_'{. s with. thoée, obtained with the Ors-mi.l-equal'leve}. procedure .
We will apply this calculation method in fubture measurements ,. because it saves

time and is applicable to any type of test result.
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2.3. Field-mgasuiemenﬁ oF unsaturated hydraulic conductivity by infiltration
through artificial crusts -
2.3.1. Introduction

The solution of many problems associatédrwith soil water flow dépends
upon knowledge of the hydrsulic conductivity, K. As yet.there appears to be
no universally reliable way to obtain K from mofé fundamental physical
measurements such as particle-size or pore-size distribution. Hence K must
generally be measured experimentally.

Of the nmumerous methods which have been proposed for this measurement
(Klute, 1965a, b; Boersma, 1965a, b), the in situ methods must be regarded
as irherently preferable as they are more directly applicable to the solu-
tion of field problemé" SatisTactory procedures are now available for the
in situ measurement of hydraulie conductivity under saturated conditions
(Ksat)’ both belﬁw and above the water table (Bouwer} 1962). However, in
many cages the flow regimen is such that the soil 1s unsaturated. In the
presence of an Ilmpeding layer at the surfacé.or in the presence oI very low
precipitation rates, the soil profile may never become saturated during
infiltration, and the flow rate will be gqverned.by th¢ s2il's unsaturated
hydraulic conductivity which is, itself, a function of the matric suction
prevalent in the s5il. | |

ETocesses pf infiltration into ¢crust-capped profiles were recéntly_
studied by ';ﬁ.llei and Gardrer (1969, 1970a). They reported that an :i.rnpe.ding
layer or crust at the top of an.infiltrating profile causes a potential head
ioss at that point. Thus, if water head over the crust is kept small, it is
possible to maintain infiltration into an unsatﬁrated column yet retain the
experimental advantages of easiiy measured inflow rate afforded_by g Tlood

infiltrometer. This finding formed the basis of a proposed method £or measuring
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the unsaturated hydraﬁlic'conducfivity at different suction.and water~content
values, which Hillel and.Gardner {1970b) checked with artificially-packed
laboratozj columns, but not in the field; .' |

This sect. describes the results of trials designed to test the

applicability of this method in the field.

2.3.2. Methods

The method described by Hillel and Gardner for measuring the ﬁydraulic
transmission properties of a profile, as a function of water content o1 suction,
involves a series »f infiltration trials through capping plates (or crusts) of
different hydraulic resistances. The effect of this resistance is to prevent
saturation at the subcrust boundary even though the crust itself is subject
t5 a small positive head. Though estimates of K and D (the diffusivity) can
be obtalned during the transient stage of infiltration, the most reliable
measurements are abtained by alldﬁing the infiltration process to proceed to
a steady state, when the flux becomes egual to the conductivity. The use of
a series of crusts of progressively lower resistance can glve progressively
higher K-values corresponding to higher water contents up to saturation. BSuch
a series of tests can be carried out if the soil iz initially fairly dry,
either successively in the same location or csncurrently on adjacent
locations. .

The surface Impedance can be applied either by means of aiporous.plate
(e.g., ceramic) or by forming a coﬁtinudgs layer of puddled (slaked or com-
pacted) soil material over the soil surface. Once tﬁis layer is established,
water is applied {e.g., in a ring infiltrometer) and a smalL, constant head
is maintained over the s2il surface long enough for the inflow rate to become

steady. This flow rate is equal to the conductivity in a one-~dimensional
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Plow system where the suction gradient belqw the crust is regligibly small
(i.e. the hydraulic gradient tends to ﬁnity).

Tensiometric measurements on columnsg of différent.depth showed that in
oxder to obtain a 9ne-diﬁensiénal vertical flow system it was necessary to
create an impervisus boundary around a_columh at least 30 cm deep. A steel-
cylinder was used at the top of the column to support the small head of water
over the crust, to provide a rigid sealing'surfaoe £or the edges of the crust
and.to provide a guidé for positioning tensiometers below the crust. Below
the cylinder an aluminum foil moisture varrier sufficed, since saturated flow
would not occu:; ﬁse of the £o11 also made tﬁe mﬁﬁhod applicable to stony
soil. Hydréulic conductivity.va;ues were cglculated frpm infiltration rates

into capped columns and goil suction gradienté below the crusis, if any.

2.3.3. 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
uging a putty knife and a carpenter's level. A cylindrical eslumn of goil,
at least 30 cm high, with a diameter of.25 ¢m, was cérved out from the test
level downwafd, taking care to chip or pick the soil éway from the column as
the desired boundary was approached, 80 as to preveni undue disturbance of the
column itself Photo 2.3.3a). A iing infiltrometer, 25 cm in diameter and
10 cm high, vas fitted on top of the column (Fhoto 2.3.3b). The sides of the
column were then Sealed.vith aluminum foil and soil was packed around it
2.3.36). An.aqrylic plastic cover with a thin rubber gaskei glued 4o it
was bolted to the top of the infiltrometer. An intake port and bleeder

valve were provided in the cover(Fhoto 2.3.3d).




Photo 2.3.3a Cylindrical column of so5il, 30 cm high and with a diameter of
25 cm, carved out from the test level downward in situ.

Photo 2.3.3c Sides of the column
sealed with aluminum foil.

Photo 2.3.3b A ring infiltrometer, 25 cm in diameter, and 10 cm high, placed
on top of the column and extending 2 cm above the s>il surface.



Field measurement of unsaturated K in natural soil horizons.

Inflow into the soil through the crust is measured with a burette FI\&G. 23 .34’
(B) discharging 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" plastic tubes along cali-

-

brated scales (S), are measured at three points in the column.
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Photo 2.3.3f View of the top of a soil column, like that in Figure 2.3.3c,
over the surface of which a "crust" has been spread with the
putty knife. "Crust" materials are prepared for spreading by
wetting and kneading samples taken from a variety of soil
horizons to a homogeneous thick paste.
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Thin pencil~gize mercury-type tensiometers were placed just below the

czust_inrthe center of the column and 3 cm deeper, both in the center and

.near the periphexy of the column. Carefully'positionsd holes in the steel
infiltrometer ring and external installétion guides éided'in_positioning the
tensiometers(Phdto'2.3.3e). CruSﬁs were formed by wetting and kneading or
stirring various soil materials to a homogeneous thick paste, which was spread
evenly over the soil surface inside the infiltrometer (Fhoto 2.3.3F). Special
caie was taken to seal the crust fo the wall of the cylinder to avoid boundary
flow. Crusts of this type were applied to the same column in several thick-
nesses for succeeding runs. FEach infiltration run through a particular

erust yieldéd oné point of a curve of hydrauwlic conductivity versus soil
éuction (Fig. 2.3.4). The small space between the crust surface and the cover
of the cylinder Was.kept Tull of water. A Mariotte deyice, in g burette, maine
tained a cohstanf préssure of gbout 3 mn waber over the crust Fhoto 2.3.3d).
The infiltration rate into the soil, corresponding to the Iatejaf movenent of
the water level in the burette, vas recorded as soon as the tensiometers
showed that equilibrium had been reached. This infilfration rate, when constant
for a period of at least 4 hours, was taken %o be the unsaturated X-value at
the subcrust suction, when the suction gradient was zero. In some cases a
suction gradient remained at Steady state conditions. Hydraulic conductivity
was then calculated according tﬁ: K = v/i, where v = infiltration rate and

1 = hydraulic gradient below the crust (in such a case # 1).

2.3.4k. Resulis

Figure 2.3.&. gives the hydraulic conductivity versus suction curves for
some horizons of four soils. These curves could be extended farther into the
dry range, but this would take.more time and reguires that the soil be initislly
guite dry. The hydraulic conductivity values for saturated soil, &easured

with the Bouwer Double Tube apparatus corresponded well with infiltration rates
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 SILTY CLAY LOAM

STONY SANDY LOAM

CM/ DAY

SILT LOAM

HYDRAULIC CONDUCTIVITY (K)

0.1 =

[ A5 b A |

A

0.0i

SOIL MOISTURE TENSION (MBAR)

Figure 2.3.4.  Hydraulic conductivity (K) versus soil moisture tension relation-
ships for a sand (B3 of Plainfield sand), a stony sardy loam dolomitic
glacial till, a silt loam (A2 of Plano silt loam), a silty clay

- loam (B2 of Plano silt 1oam) and & clay (B3 of Ontonagon silty
clay loam).
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intos these. columns before crusts were added. Ore column was of glgcial till,
contéining many stones that made use of the Bouﬁer tubes impossible.

The data indicate that hydrauiic conductlvity decremsses sharply with
increasing s2il moisture tension. This is most evident in soil materials with
coarse pores (B3 Flainfield sand) and lesé so in fine porsus clays (B3 Ontonagon),
in which saturated conductivity is low. These results are important for the |
study of liquid waste disposal in sQils. .Nhasuremeﬁt of soil moisﬁure tensions
around seepage 5eds of operating systems (Section 3) indicated the sccurrence
o considerable soil moisture tensions., Movement of liquid, therefore, is
goverred by processes of unsaturated flow. A guantitative analysis of the flow
systém can only be given when :elevant K values, as measured with this new

test, are available.

2.4. 8oil physical characteristics deﬁermined from sarsn coated clods
0.4.1. Methods

The methnd to determlne so0il phy51cal characterlst1cs from lazge cloads,
using saran reszn as a coating material wag 1ntroduced by Brasher et al.
(1968). Clods should at least have a volume of 100 cm3, but preferably more
than that. They should répresent the sqil structure from the sampled horizon.
In general, about 20 elementary units bf.sﬁructure_should be represented in
any clod sample. A medium sized blocky structure, with ped volume of 1 cmo
should be represented by a clod volume of at least 20 cm3. In coarse prismatic
gtructure this guide does not work, since in&iv;dual peds may have volumes
of 150 cm3 or more. It shﬁuld be clearly_stated_when values are determined
for_Single peds, like these. The method consists of the following stages:
i. A weig_he.d-. alr dry clod is coated with Saran; and slowly saturated with

vater thiough one flattened side of the clod where the coating has been

temporarily removed. .




2. After saturation, the open silde of the clod is coated again with

Saran and weight ahd_volume of the clod aré determined,

3. The coating on the flattered side is removed again, and the clﬁd is
placed in a pressure apparatus to determine water contents and soil
volume at different pressures. After equilibrium has been reaﬁhed af a
given pressure, the clod is coated agaln at the flattered side, and weight
and volume are determined. It is essential not to 1odse any soil from
the élcd during this procedure, since this waﬁld_léad to erroneous results.
After determining moisture contents and volumes of clods for a range of
pressures (usually C.03b, 0.1b, 0.3b, 1b and 15b), the clod is dried ab
105°¢C. Then all values are available to caleulate bulk densities,

porosities at different suctions, and the moisture retention curve.

2.h.2. Calculation of bulk density values and assoclated soil physiecal
values from weasurements on Sarachoatéd clods.
Example: Clod from C-horizon of Mexico silt loanm, c.:alculations for 1 bar
suction only.
Basic data:
Aly dry weight of clod: 55.30 gr.
Coated with Saran: 57.90 gr. |
Weight of coats: 2.60 gr. = 1.73 cc (Spec. dens. Séran,= 1.50)
At 1 bar equilibrium: 57.10 gr. |
Volume of clod (+ plastic): 30.50 cc (difference between weight of beaker with
| wvater and total welght when clod is suspended
in the beaker). |
After drying clod + plastic at 105°C for one day: weight = L7.ho gr. -

Volume = 27.9 c¢.




Calculation 1:

Calculation 2:

Calculation 3:

' gr/ém3 of ngtural soil). Since B.D. of s0il is required, the

| | 20
Determine bulk density of the soil at 1 bar (bulk density =

plastic hﬁs to be excluded., Volume éf g0il at 1 b = 30.50 -
1.73 = 28.77 ce. The weight.of 57.10 gr. is composed of water,
plastic and soil. After drying at 105°C, weight = 47.40 gr.
(=.soil + plastic). From a separate experiment it was learned
that the Saran plastic looses 25% of its weight when heated

for 24 hrs. at 10500. Soil weight only, therefore, is L7T.L0 -
(0.75 x 2.60) = 45.45 gr. This is an importan£ value, from
which bulk-densities at different molsture contents are derived
B.D. at 1 bar is: ngEZ = 1,58, |

Determine percentage of moisture (in % of dry weight and volume)
at 1 bar. Stove-dry soil weight was 45.45 gr. We need %o know
now the weight of the moiéture only at 1 bar. .Soil + plastic +

water = 57.10 gr. Soil + water = 57.10 - 2.60 = 54.50 gr.

Moisture % of dry weight = (Sh'5gs'h§5‘h5) x 100% = 19.9%.
Moisture % by volume = % of dry weight x B.D. = 19.9 x 1.58 =
31 -)-l-fo .

Determine porosity (= vol. % of soil occupied by the non-solid
s0il phase). Calc. 2 showed that 31.4% of the soil volume is
occupied by water at 1 bar suction. What absut the remaining
68.6%7 For this we need to know one additional soil character-
istic: the particle density (= gr/cm3 of the s51id soil phase
only ). .This can be determined by a separate procedure, using

pyknometers (see appendix at the end of this section, and Blake,

1965). Presuming we have a particle density of 2.60, the

L5.45 gr. of soil represents 17.45 ce. Total volume of clod
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Calc. 3 cont.: was 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 7.8% of the pores in the soil are filled with air).

Bulk density
Particle density

In formula: Poiosity = (1.0 - ) x 100%.

Calculation b: Determine coefficients »f linear extensibility (COLE) as

3?1117‘}5:-1—, ﬁhere Vm = Vvolume of moist whole soil fabric and
Va = volume of dry whole soil fabric (Grossman, 1963).

Graphs were prepared for all horizons (for example, Fig. 3.1.3f) showing
the moisture retention curve and a curve of total porosity (= upper lire).
Pa_rosit}} is sometimes lzowei- at low moisture coﬁtents ; due to shrinkage.

~ These .cal.culatioﬁs were made ﬁi‘th- the aid of a programmable Hewlett Packard
9100B calculator.
Appendix:
Summary of pyknometer test to determine particle density of soil {see Methods
of S0il Analysis). |
Pyknometer (dry, empty) = W, gr. Fykmometer + about 5 gr. stovedry soil = W, gx.

Pvknometer filled with de-aired water = W, gr.

3
Pyknometer with water + soil = Wy, . _
. . wa - wl / <3.
Particle density = - — gr/em
_ T.-.T3 + WE Wy, - W,

The principle on which the method is based is the same as that for the clod
tests: a body suspended in water will be gubjected t©o an upward foree that

ig equal to the weight of the volume of the displaced liguid.
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The authors are indebted to Dr. C

Measurement of suil moisture tension

MERCURY

TUBE FiLlED
WiITH WATER TENSIOMETER]
\C.UP»

TENSION = O MB

Fig. 2.5

» Dirksen for helpful suggestions.



23
Z.5. Tensiomet;r_'y* |
&ﬂmﬁ%wém@mmﬁwem%w&ammd%@%emwinmeﬁﬂdmd
in columns §f the crust test (Sec. 2.3, see Fig. 2.5). Genersl discussions
of techniques are given elsevwhere (Richards, 1965). We used pencil-gized tensio-
meters, and 1/8" pléstic tubing. A célibraﬁed scale was used to ﬁefermine
goil moisture tensisn. The procedure 5f measurement is as follows:
1. Measure distance.between the mercury level and the center of the tensiometer,
after installation of the cups (= Lcm). |
2. Calculate the ratio: L/12.6 (em)} = x om (& 'x'mbar).**.
3. The zero mark on the scale does not correspond t§ the mercury 1éve1
itself, but to a ;evei corresponding to x mbar, above it. Fix_the Ze1D
of the scale to thié level. . . |
L. Readings of total moisture potential (-P mbar) can now be made directly
from the seale. Add L to cbtain soll moisture tension (= ~P+L).
5. The remaining correction results from the negative curvature of the
mercury. When the porous tensiometer cup, suspended in water, is held at
exactly the level of the mercury, this level and the level in the 1/8"
plastic tube do not correspond. Iowering the tensiometer cup 5 cm equalized
both levels. This means that each reading has.to_be corrected with 5 mbar,
due to use of the 1/8" tube. The final reading of soil moisture ﬁension

is equal to: -P+L-5 mbar_..

*ote: the ratio x = 1/12.6 is derived as follows: In the gictured system
(Pig. 2.5), soil moisture tension is supposed to be zero at the location

of the cup. Distance between the mercury level and the tensiometer = L.
Mercury has risea in the plastic tube to a height of o em. The rest of the
tube. ie filled with water. In this equilibrium sjtuatian,.pressure in the

spame liquid is similar at the same height. So: Pressure at B = Pressure at B'.
However, mercury ls present below B' to the mercury level A', and water below B.

Considering the flow system as a whole,. it follows: nx 13.6 - n.l - L = 0 and
- © n=Lf12.5 = x.
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2.6. Microbiological pr-ocedu:c-es.b;v W. L. Zievell
£.6.1. Introduction

The gerneral purpose of the bacteriological investigstion was to monitor
the rumber of coliform and enterococcus ai'gs.nisms_ in septic waste and in
samples from drainage field‘._s.‘ |

‘Laboratory experiments were also c:;nducted, in which séwage and a
suspension, thalt was 'bacteriologiCalfly :représénta;tive' of tﬁe gseptic tank
effluent, were applied to s0il columns. The results indicate the nature of
bacterial movement from sepiic systems throuéh soil,

During the summer o.f 1970 ba.cterial_' samples were obtained from five
different septic systems. Plating of these to sgain sbtain gémrai microw
flora, coliform and streptococeus counts was done to get an indication of

the movements and dengities of bacteria in the fleld systems.

2.6.2. Materials and methods
2.6.2,1. Techniques of sampling septic systems in the field
Soil samples were taken in the fisld fe'z; bacterial snalysis by first'
sterilizing the exterior layer of soil with a propare torch. A spatula was
sterilized with aleohol and used to remove the suter layer of soll, A
sterile test tube 1.8 cm diameter by 15 cm was then pushed g_ently ints the |
801l gt the desired sampling point so Itha,‘t the éample entered the tube.
Samples for de'terminati..on of dry welght were also taken adjacent to each bac-
terial sample and stored in sealed moisture cans. The bacterial samples
were transported in an iced container whenever traveling time was to be "
greater than 30 mi.,r'zute.s. This precaution waslrtake'n becguse of known delicacy ‘

of enterococci in competition with soil and water flora.



2.6.2.2. Medis used and plating techniques
Plé.tings were made for bacteriological analysis from serisl dilutions of
ﬁhe sample by a sp'read plate technique. This is favored over a pour plating
technique because in this way sll g:oﬂoﬁies are 'surface ¢olonies. Thus many
interf‘ere_nces'_' in color obsezva'tions_ were eliminated and also colonial morﬁho.logy
could be observed. - |
Total plate counts on plate count ngar (PCA) were determined as evidence

of total soil microflora. The composition of the agar (PCA) was that given

in Standard Methodg for the Examinati;%' of Water and Waste Water {American

Public Health Association, 1965):

tryptone 5 grams
yeast extract 2.5 grams
dextrose 1 gram
agar 15 grame

~ distilled water 1000 mls
Incubation was at 3000 for 4L8-T2 hrs . For mény samples ac‘binomycetes were
conspicuous on these plates. They were readily distinguished from the eubacterial
colonies by the aer:ial.'spozulation of the actinomycefes. Their presence .in
large numbé:rs is indicative of background soil microflora into which the .
pollution bacteria are introduced in the vicinity of the drainsge sysiten.

Coliforms were enumerated by the test of Standard Methods for the

Examination of Water and Waste Water {Am. Publ. Health Ass., 1965) using levine's

Eosin l-ﬁthylene Blue Agar of the following composition:

peptone 10 grams
lactoge 10 grams
dipotassium phosphate 2 grams
agar 15 grams
eosin ¥ : 0.4 grams
methylene blue ©.065 grams
distilled water 1L

Incubation was at 37°C for 24-48 hours. The total coliform count was recorded

for all those bacterial colonies growing on Ievine's EMB agar. "Fecal' or
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Escherichia coli type organlems were recorded as a.ll_'_bhosé colonies producing

a green sheen on levine's EMB agar. No attempt as yet has been made to use a
combination of the two criteria, sheen on EMB and ability to grow a'.t'ltsoc, as
a more relisble indicator of the "facal" coliform population. _ Experimente on
this point are planned. . |

Streptococcus (presumably S. _r;_a___n;cg_j._j:é_) counts w'ere taken on m-Entersesccus

Agar of the following composition:

tryptose - 20 grams
yeast extract 5 grams
dextrose 2 grams
dipotassiim phospha 4 grams
sodium azide R 0.4 grams
agar ' . 10 grams
2,3,5-triphenyl tetrazolium C1 0.1l grams
distilled water ' 115 :

After incubation at 37°C for 48-72 hours all red colonfes (tetrazolium Cl
reducing) were recorded as enterococci.

Other media included were stock agar and nutrient broth for the carrying
:_)f cultures qf E. ¢oli or isolates of interest. The é:mposi’cion of thege

was as follows:

Stock agar:
veast extract 1l gnm
dextroge _ 0.5 gms
distilled water 15
agar 15 gms

Futrient broth:

beef extract 3 gms
peptone 5 gms
disgtillied water 1L

2.6.2.3. Techniques for laboratory testing and other experiments

To analyze the field soil, a 10 gram sample of the soil was weighed into
] Waring Blender cup and a sterile 90 ml water -blanl_\:_was gdded. Affber blending
f.’or 1 minﬁte, serial dilutions were mede and spread plates of Levine's EMB,

PCA and m-Enterococcus agars followed.
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Ground wsater sampies from the septicgsyStems sités near
Neillsville ﬁﬁre anslysed by sulteble dilution with sterile distilled water
blaiiks and i_)y spread pl.ﬁti.ng on’io £he three h;edia mentioned iﬁ the p_réceding
pa:r'agré.ph. |
From:the samples and platings made of the septié.tank effluents and soil
from the &rainage area, a number of isolaﬁes'of apparéntly éignificant bacteria
types were takeri.. They are being stored at h?C'on stock agsr stants. |
Another experiment utilized 200 ml quentities of non-sterilized sewage,
hgat-sterilized sewage and millipore-fillter-sterilized sewage. To these
 were added the known E. coli ATCC 4348 at 10% inoculum as a liquid culture
iﬁ nutrient broth. Bacterial counté were then monitoréd with time.
| ~ The following formula wés derived to coﬁvert the bacterial counts for

g0il samples to a per gram of dry soil basis:

let g = number of organisms (after the first addition of diluting water)

ml
(to be determined by plate count)

B = grams of drvy soil
ml

number of organisms g
gram of dry soil T B

then A =

then to obtain B we consider

P = % moisture of soil on dry soil weight basis
) 100 - -

then, 1f x grams of moist eoil are used

(X-L)P = L wheré L = grams (ml) of moisture in a sample of X grams of
moist soil
solving Por L gives
P
2 +F
let W = mls of water used in the initial dilution blank

X-L
WAL

L =

then B =




Photo 3.1

Black sewage sludge (S) flowing from a tile line down the side of an explorato:
trench across the seepage bed (B-B) at 120-160 cm depth at the Marshfield Expe:
ment 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.

o,
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3.1. Soil absorption system in Withee $ilt loam at the U.W. Marshrield
Agricultural Experiment Station. By D. J. van Rooyen.
3.1..1._ Introduction . .

This system was studied in June, 1970. The septic tank'seepage bed was
nineteen years:cld' and had been discharging effluent into the r:)ad ditch for
all but the first 10 to 12 months of its éxiStence. The’@ur@&se of this
inve.st'igatioh was “t:) study the effects of effluent overflow on the site and
to evaluate the potenfial guitability, .if any, of the Wifh.ée silt loan fo::c'

on~site liguild waste disposal.

3.1.2. BSoil and landscape features

The Withee s.i.'ift' loam is the most extensivé 851l in the Withee-Marshfield-
Mann* soil association of the region of Grayish-Yellow Silt Loam ({Beatty, et al.,
196%4) (see Figure 3.1.2a). The characteristic landscape position of the Withee
silt loam is on the crest and side slopes of upland ridges in undulating ’ter-rain._
Withee soils (see soil profile description,Appendix 5.1) have’ s grayish silt
loam surface layer which is usually platy. The strongly acid loam& subsoil
is éominantly grayish in color, with nuimrfbus reddish and yvellowish mottles.
The lower subsoil has developed in dense reddish-brown loamy glacial till
(Beatty, et al., 1964). Water movement down through this soii is extremely
slow (Hole, et al., 1967). |
_ The Withee silt loam occurs in two slope _pha.ses in the landscape: gently
Bloping (2-6% slopes) and nearly lével (0-2%). All of the investigations were
done on the rearly level phase. Fig. 3.1.2b is a s0il map of the Marshf_iel_.d

Agricultural Experimental Station.

* .
A rew series, The Mamn, has been proposed for Adolph-like soils over till

that has a texture finer than sandy loam.




i somewhot wet
< X-BReddish loomy
‘a glaciat it

(From Beatty,et al, 1964)

- Reddish-brown
foamy glacial tiil

Diagramatic soil profiles. and landscape of the
Logal, Withee, Marshfield, Adolph soil associa-
tion The domsinant characteristics of soils in this
region are silly texture, wetness and strong acid-
ity. The silty texture is in part inherited from
the parent material, but the other characteristics

are closely associated with soil forming processes
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Scale

Soil map.of the Marshfield Agricultural Experimental

Station, Marshfield, Wisconsin, :
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: Le End
b3 . Withee silt loam
221 ’

- 2% slope,slight erosion |- |

51 = Marshfield silt loam, |
P'I:‘l 17 siope, slight’ erosion

= Mamn silt loam,

- 1% slope, sSlight erosion

# = Study site, Withee soil
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Tr = Fill materialr

Severe reduction(0-120cm from surface}&'ég
Medium reduction(40~120cm from surface)= mg
Little reduction{80~120cm from surface}= lg

Note: The severe reduced zone is on the left of the
ségpage system because of the slope in that

direction.
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AG315° . Index map showing location of the east seepage field of the
Marshfield Experimental Station and sampling sites. ;
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Teble 3.1.3.3. Colox Eeaﬂ.ings—/above and below gravel seepage bed. Maxahﬁeld
Agricuitural Fxperiment Farm. June, 1970,

Depth | Material -! Colore Depth .Material : - Colors
Lo T : ,T .5 &/1% OLive black]150-153 | I5YR 3/6" Derk reddish
6 1 L:5Y 5/1" Gray ! Ibrown in sand fraction
& ,\mn 7 5Y 517 Gray 15 3-163 iUndisturbedlSYR %/6% Yellowish red
100 ST ik Gray soil  lin heavy clay

iis : :‘LOY E§1 Dark greenish 163 "'831 material 110YR 4/6T Brown in

gray lheavy clay
120-150 , Gravel bea, 183-213 1 17.5Y8 4/5" Dark trown
iin heavy clay

1
_/The colors indicate no reduction below the gravel bed which in turn inGicates 1o
gufficient downward movement of effluent to create an environment of reduction as
is Pound above the gravel bed.
* Munsell color designations are for moist soil unless stated otherwise.

* Color and notgtion from the Japanese Standard Soil Colox Chart.

Tgble 3.1.3.4. Hydraullc conduetivity (X in Cm/day)+ and percolatlon test results
o of Wlthee gilt loam, Marshfield Agr. Exp. Sta.

Depths (cm) Site 1% _ Site 2% Site 3% Date of Obsexvasion
20 o - == June 5
25 : - : 10 June 10
ho 0 0 2 June 10
70 0 ——— - June 3
80 0 . -—- m— , June 2
State Percolation Test (80 cm) 2800 min/inch June 10

*Date taken by means of the Bouwer Double Tube Method.
*See Figure 1.3.1c for locabions,

Table 3.1.3.1 Mbisture content (%) of soil samples from a cultivated Withee
" silt loam and s>il £ill of g disposal fleld# at the Marshfield
Agricultural Experiment Station.

e e
20 o 19. 7 N o7.7
Lo 15.7 lT-. 7
60 k.5 - 17.2
80 18.5 | 19.9
100 ' 18.8 20.3
120 13.6 : 36.0

140 : 19.h | 31.7

"Based on stove dry weight of soil.
#This disposal field is part of 8 septic system ingtalled in 1951.

See Flgure 3.1.3c¢c for locatlons

Soil map unit, Figure 3.1.3a.
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Table 31.32 ANALYSES OF FERTILITY SAMPLES TAKEN AT THE MARSHFTELD AGRICULTURAL EXPERIMENTAL STATION, COLIEGE OF AGRICULTURAL

AND LIFE scmz\m? t)mmrasm OF WISCONSTN, MARSHFIEID, WISCONSIN, JUNE, 1970.(£i1l in unit Trme. Fig. 3.1.38
em _ TOTAL N
SITE SAMPIE IEETH PH HOM (P X Ce — Mg Se. ppm N03 4
30 7.0 2. 7 81 15 80, | <1 0.191 |
(, f'“ }6.25 31.6 }5.5 O}LOSO }ho 90 ? O/c_lo 0,118
‘ 30 5.5 0.4 18" 1290° 13 1007 ! 0.0k
} 60 5.7 0.7, 28, 22 60\ <L 0.0k _
>5.6 ST 8 202.5 - /125 /65 _ .5 .0L5
, 60 5.5° - 0. 28 185 130 70 15 0.045
: . ) Flumaterial § o  z.g 0.7 b6 1 1 100, 1 o 0.03
Dlsl.)oseu. .25 >0.5 . Y39.5 60>162,5 96 }L 7.5 .035
Field i 90 6. 0.3 3 165 200/ 110 0.031:
i ] 120 6& o 50, 36 22 1 60\ 0.0k
l 6.65 3)0.35 7.5 320 05 oo /35 | _2>).o |
o CEOG w ®omOR R B
1 . 0.2 18q, .0 _
Beneath gravel { ?6.25 Yo.2 ;)59 )-205 8}80 }1 > ><10 31>@.o31;
bed | 60 5.8 T o2 557 210 L <10 0.03¢"
30 k. 0.3, 28 60¢ 12 0.02
( }‘«35 _}).35 6.5 >6oo‘ 0}165 >ﬂ Z>a>5 5 0.030
_gg L, 0. 105¢ 60 120 3’81~ ,
l}'u Ou . 2 ) 175 ‘ l O\ ] A f
' - }»2 '3>0-25 }3 >17‘?’ 5 }6593 _ >5 5 % 1 .016
Cultivated Withee / 60 b, 0.27 63 180 170 < 0.0:1.8
silt loam Q0 I, ~ 0. 32, 12 130,‘ 20 - 0.00 012
} _ .15 A5 )55 . 3135 }155 5 o>/ .013
] 90 h.X 0.2 38/ 1507 180/ 12 g 8% .
; 120 k., 0.1 T3, 150 1
k , 3)“.3 )0-1 )53 }152 5 8?.}195 >120 | 2275 ;ﬂo :}) O3k
120 4.3 0.1 33" 155° 21 13 25 <l. 0.03

* 3 = o . . - ~
Aralyses by the Soil Testing Imboratory, Department of Soil Science, Marshfield Agricultural Experimental Station.
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~ Graphs showing distribution of soil reaction variations and
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organic matter content in the seepage bed fill material and
undisturbed Withee silt loam _ |

Soil reaction
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soil volume (%)

solid

Moisture retention and porosity data

Withee silt foam Marshfield UW Exp. farm
' Fig 3.1.3€
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3.1.3. Results

The extent of the tile field was determined by auger borings abt two-meter
intervals on a grid pattern (Fig. 3.1.3a). From this map a section was drawn
in order to indicate the positiong of the reduced zormes in the fill above the
gravel bed (Fig. 3.1.3b). A general map of the immediate surroundings is pre-
sented in Fig. 3.1.3c.

" Samples for fertility and moisture deterﬁinations were taken at séveral
gites and at different depths on,'around and beneath the gravel bed of the
tile field. Samples were taken by means of an auger. BResults of snalyses of
these samples arve shown in Teble 3.1.3.1 (soil moisture data) and Teble 3.1.3.2
{soil fETtility data). Fgures 3.1.3d and 3.1.3e show these contents 88 a
fgnction of depth.

Colors of the fill materigl above the gravel bed and the soill beneath it
(Teble 3.1.3.3) can be compared with coloré of a near-by soil profile (Appendix
6.1), Hydravlic characteristics of the Withee soil are reported as moisture
retention data (Fig. 3.1.3f),_resu1ts'from_the crust tests in the Ap and B
horizons (Fig. 13.1.,3g) and hydraulic cqnduc_‘t:l.vj.ty of saturated soil by the

Pouwer method and percolation test results (Table 3.1.3.4).

3.1.b. Discussion

The Withee silt loam has long proved itself incepable of accepting and
treating liguid wastes Eelgw ground.

The malfunctioning of this particular disposal system was confirmed by
the study. There was no color change or morphological evidence'to_indicabe
dowrward or sideward movement of effluent Prom the seepasge bed. Hydraulic con~
ductivity; s measured by the Bouwer-doﬁble tube method, was so low as to be
immeasurable at depths of 50 cm or more. Hydraulice conductivity velues of

10 cm and 2 em per day were found at 25 cm and 40 cm depths, respectively.
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The State Percolation ‘I‘es_-ﬁ indicated very slow infiltration at a depth of 80 cm.
Inclement weather prevented completion of the crust test at & depth of 80 om
in the B3 horizon, Results indicated that K at saturation was less £han 2 mm/day.
Physical measurements, therefore ; confirm the morphologicael evidence.

The natural soil was relstively wet in June, 1970 and it can be hypothesized
that the swollen state of the soil system in Jume contributed to the low K
values, because the cracks were closed. However , additional measurements in
August proved that saturated hyﬂraulic conductivity for initially unsaturated
8o0il was also negligibly small. Such slow movement of water as does occﬁr in
the gubsoil seems to take place mainly along 'éracks, a8 indicated by skeletans
on their surfaces (see profile description). Moisture contents of the £ill
above the gravel bed were higher throughout than at comparable depths in the
natural sodl profilé adjacent to the graivel bed. Whereas the unsaturated natural
8211 material was firm in consistence, the reduced fill material, saturated by
the upwelling_ stream of effluent, was plastic and sticky. The effluent was
apparently confined to the i1l Jjudging by the sharp boundary between the
pluish gray £ill material and the browner surrou_ndi.ng soil, -

Soil reaction, and contents of organic matiter and nitrates are higher in
the fill than in the natural soil, as a result of enrichment by upwelling
effluent in '_the £ill. Addition of fertilirzers to the topsoil in regular farm
operations In adjacent soil areas asccounts for the concentrations of nitrates
and soluble salts in the Ap horizon of the Withee soil. |

The moisture retention curves (Fig. 3.1.3f) show that the Ap horizon has
a high content of water gt saturation. AS_ soil moisture tension increases,
ilarger pores are emptied rapidly. The Ap has a larger water holding capacity,
resulting from & higher porosity, than the underlying compacted A2, the B2
and B3 hdrizon. The decrease in content of soil molsture with increasing

tension 1s least in the A2 and B horizons due to the relatively large volume

of fine pores in them.
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At high suctions the A2 horizon has a lower moisture content than the

B3 énd C horizons. This is because the A2 horizon has less clay to bind the
yater. | o

Tn conclusidn, ‘the septic tank disposal fleld as described herein
does not function because liquids cannot percolate through the soil and hence
are forced to the surface. Ehe field acts as =& surfacewleaking storage tark
instead of g disposal field. All this in@ica:tes that the Withee silt loam
cannot dispose of liguid wastes sufficienily to service the conventionsl
seepage bed and that a system of different design is needed, wutilizing, if
possible, the conduetivity and storage capacity of.the upper 4o em of the
profile. A properly constructed "mound” system might meet the need. Potential
cgpabilities of "mound” systems,'designed.for sites with hydraulic conditions

like those of the Whitee silt loam, are discussed in Section 3.6.




SOIL ABSORPTION SYSTEM IN STONY SANDY LOAM TILL (Poultry farm, Arlington)
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2.2, Soil absorption system in stony sandy loam till (IT C horizon of the Saybrook
 gilt loam at the Poultry and Dairy Far:mS, U.W., Arl.irig{mn, Agr:c Fxper. Sta.)
3.2.1.. Introduction | |
| The system éf the Dairy fa?m-was briefly gtudied in July, 1970 an& found
to be similar iﬁ deslgn and dimensions as :the system at 'the Poultry if‘am'
{Mg. 3.2.1). This system was overloadﬁd at a loading rate of 350 gallons/day,
as was evidenced by perisdic overflow oF efﬂuent through the air vent on top
of the distribution box. Abundant growth of grasses and weeds downslope from
this point, demonstrated the effect of this added fErtility. A deep pit was
dug next to the-seepage bed. Unfortuna%ely, oﬁe sidewsll of the pit caved in,
and the hole filled with effluent. The siﬁe had to be abandoned af'ter this
abrupt change in hydraunlic conditions. The sepﬁic tank disposal system gt
the Poultry Farm (Fig. 3.2.1) was loaded at th_e' much lower rate of -80 gallons
per day and had wsrked satisfactorily for eleven yeais. A large pit was dug
next 2 one of the twb seepage trenches and a tunmel extended ﬁnder the trench
(see Fig. 3.2.1). Tensiometers ﬁere installed on July 20 at several.distances
below and at the sides of the trench. Stonipess of the till was not such as %o
prevent installation 5f the tensiometers, although several ghtempts were
pecessary at most points before success was attained. Soil moisture tension
measuréménts began as soo@ as eguilibrium had been reéched on July 21. The
topséil fi;l’ﬁas removed from above the far end of the seepgge trench and the
depth of_efflﬁent found to be 20 cm. Tn order to study effects of dosing the
access was closed at the distribution box,the effluent Was-pﬁmped out and the
trench was left empty of liquid from July 22 to August b, 1970 . During this
period the other seepage trench and surrsunding soii handled all the effluent
of the system. The effluent was admitted to the north trench on Aug. %, and
the amount of liquid introduced into the éntire system was inereased to an

éverage 200 gallons per day, starting on August 8, by running water from a
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faucet in the basement of the house. This part of the experiments was finished
on Avgust 1% (Fig. 3;2.2a). A second series of experi@ents was staitéd on
September 18 (Frig. 3.2.23). The oécupaﬁts of the houée had been on holidays
for .a ‘three week pefiéd from August 1k to September L., TNo effluent was. in
the trench at the start of the secﬁhd experimental periosd. Large amounts of
water we.re added to the sysﬁem for short periods of time on certainr days
(Fig. 3.2.2a). Tensiometric reactions to these intermittent daSage_s were
sbgerved. From October 1 to October T, a contimuous trickle of water was
added by means of the basement -faucet to establish a total rate of 200 gallons
per day. After October 7, only the regular input of 80 gallons per day

e'nte'xed the gystem. The experiment was terminated on October 15.

3.2.2. Results

.Moisture retention and porosity data for the glacial till are presented
in Figure 3.2.2b, and data of the crusf rtES‘L:, ;-e.lating hydraulic conductivity
. to soil moisture tension, agre shown in .Fig. 3.2.2d., B8ix state percolation tests
(Fig. 3.5.2.8) and two constant level percolation tests (see Fig. 3.5.2.23)
were mpde in the till at the Dairy and Pouliry Farms. Soil moisture tensions,
as measured around the trenches during the experiments, are presented in Figures
3.2.2a and 3.2.2¢. Resulils of microbislogical analyses of samples taken at

the locations of the tensiometers at two timesg are in Tables 3.2.2.1 and 3.2.2.2.

3.2.3. Discussion

Soil moisture tensisns were high around the seepage trench at the start
of the experiment on July 21, although the level of the effluent stodd.at
two-thirds the height of the bed of crushed rock. Below the trench tension
was 80 mb (Tensiometer nr. 3) and 90 mb {Tensiometer nr. 2). At the sides,the
value was somewhat lower at 60 mb. The presence of such high tensions, and

free liguid in the trench, i.ndicatés the presence of a highly resistant barrier,
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a "crust”, at the interface between trench and soil, causing a potential head
loss (I.-Iil.le.l and Cardrer, 19?’0)7 (see also Section 3.2.5).

Soil moisture tensions increased by natural di-aina.ge , 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 effluent in the systém on
August b tensions were. still considerably higher than those at the start of
the experiment. In the period from August L o 8,.tensions did not change.

At no time did we observe effluent standing in the trench. Obviously, the
amount of effluent going into the systex (80 gallons/day) was being absorved
by the soil, without pﬁnﬁing. Moisture tensions aroﬁnd the trench probabiy
fluctuated each day, followi_ng the daily dosing pattern. Since. observations
were made only once g day such effects were not observed. An attempt was
made to reestablish ponding in the trench, by increasing the loading'rate t0
200 gallons per day. A permanent trickle of water into the system from a
faucet in the basement o»f the house was sufficient to gecomplish this. The
much increased loading rate apparently exceeded the infiltrative ca.pacity. of
the soil, and effluent £illed the trench again starting August 8 and remained
g5 until the end of the first expez-imer;t on August 11} Soil moisture tengions
decre_ased to values »f 50 mb below ; and 35 mb next to the trench. This indi-
-cates a marked decrease in impedance by the crust,as compared with that under
the initial condition, when the trench was nearly full of effluent and much
higher tensions obtained in the surrounding soil.

Pig. 3.2.2¢ gives the relationship between hydraulic conductivity K and
g0il moisture tension for the sandy till. XK at 70 mb was & mm/&ay ; a_t 50 mb:
15 mm/day. For a bottom area of 0.8 x 30 = 24 u°, this would amount to a vertical
(oné dimensional) flow of 50 ga’l.lons/day' at 80 mb (potential gradient = 2) and

180 gallons/day at 50 mb (potential gradient = 2). For the bottom of one trench,
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snly 90 gallons/day. But effluent moves not only through the bottom of

the bed, but also through the sidewalls due to gradients ih the soil water
potential alore, since sﬁri,ét horizontal movement is not effected by graviﬁy.
Assuming a potential gradient of uni’_oy horizomtally (see values f‘;-om tensiometers
5 and 67 wé obtain fl.éw vé.i.ues- on July 21 of 19 gallons/day at 60 mb (X = 6 mm/day
sidewall srea: 0.2x 61.6 m° = 12.3 n°). Tn August, the potemtisl gradient

was one-third lower and flow through sidewal]_‘t_.s was estimated at 20 gallons/day
at 40 mb. (K = 18 mm/day). For ome trench,lO. gallons/day. Total flow can 7
therefore be estimated at 69 gallons/day for July 21 and 135 gallons/day

for August l&. On both dates effluent stood 20 cm deep in the trenches. The
first value is within a reasonable 15% of the n-neasured 'loédi.ng rate of the
system (= 8 gallons/day, measured during one. week in July by Mr. Ripp, resident
of the home). These calculated amounts of flow are es‘_timates based on separste
one~dimensional vertical and horizontal flows. In the real two dimensional
flow system flow lires will be curved. Real flow rates can be determined by
modelling such a system ﬁsing a computer (Chapter 4). However, we do not

expect such calcﬁlated values to be much different from these estimates. The
second serles of experiments was started on September 18, when both trenches
were empty of liquid (the occupants of the house had been on holidays for three
Weks » Aug. 14-Sept. 4). Starting on September 23, additional water was added
to the system, through a basenient faucet, as during the_first experiment.

Iarge amounts of liquid were added in réla;tivel.y short periods of time (see

Fig. 3.2.24). The effluvent was absorbed by the soll within one or two days.
Tensiﬁmters reacted clearly to this intermittent dosing. pattern (Fig. 3.2.249).
For exa.tﬁpl.e, after adding 18C gallons in a 40 minute period on September 25,
soj,l. tensions moved down around the treﬁch._ The trench was enmplty on September
27, aﬁd tensions moved up to relatively high values on September 28 as a

result of drainsge. Then another 120 gallons were added. The next day the




trench was empty ("dry");' The high amount of 350 gallons was added, and
tensions reactéd strongly. Two.dayé laxer,_however, the trénch was dry and
tensiqns had increased again since_the previous day. Starting on'October 1

the method of adding Waﬁer to the systeﬁ was changed to a continuoﬁs trickie

at the rate of 200 gallons per day. After that, the trench nearly filled with ef{flu-
ént and remained so to the end of the experiment (October 15). Addition

of water was stopped on October 7, when the irench started to overflow.

Since then only the regular daily input (80 gallons) entered the system.

In the period October.e t5 ls,bensions around the bed gradually increased to
levels remarkably similar to those measured on July 21 at the start of the
experiment. Such increasing tensions_arnund a bed that contains ponded
effivent indicate_ én increase in hydraulic resistance of thé crust. This is
probably caused by increasing anaérobjc conditions that induce the formation
of organic products that clog scsi'ls' pores (see 3.2.5). The identical
hydrological situation ab _the start and at the end of the series of experiments
may indicate a dynamic equilibrium specific for this particular systeﬁ. Air
diffusing through the soil to the crusted sidewails of the bed, will pernit
break-down. of anserobically produced organic substances there. This_procéss

is influvenced by éoil texture_and ppsition of trenches. Stronger diffusion,
fdr example in a coarse poréus material and with trenches placed closer to the
surface, could result in an equilibrium at a lower suction, and thus a higher
infiltration rate made possible by a diminished resistance of the crust. Inflow
of effluent with a lower B.0.D. (after aeration), could have the same effect.
More experiments in different solls are needed to investigate this aspect (see
Section h). In any case, s0il moisture tensiohs measured in this study were
hever lower than 40 mb. The data show that only sbout one week of ponding is
sufficient to create soil moisture tensions similar to those preseht_after ten

years of gystem use. This demonstrates the unfavorable effects of overloading.
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Table 3.2.2.1. Bacterioslogicgl analyses, Jily,; 1§70 (high tension below seepsge

trench).

Iocation

Bacterial Cqunts/ﬁydyn

cm below trench (tens. #3)
em below trench (tens. #2)

cm belsw trench

10
25
Lo
;gjcm at side »f trench {tens.

15 m distance from the trench
at 80 cm depth (control)

_ EMB PCA n
None {on_los-lowest) 6.7 x 10° 0
Norne (only 2.1 x 10°molds 3 0
Not determined 5x 1.0h 0

3, 6
1.2 x 107 (purple, no 10 x 10 0
fecal recorded
Yore (1 x 105 mold) 1. x 10° o
Distribytion Box : _
16 x 105 (h x 103 fecal) 12.3 x 106 260

# numbers of numbered tensiomster Locations.

Table 3.2.2.2. Bacteriological analyses, September, 1970 (low tension below

seepage trench).

Location

Bacterial Counts/4¥rﬁﬂq

2m upslope from trench (eontrol)
cm depth

(#3 = 10 cm below trench)
(#2 = 25 cm below trench)
(# = 10 cm to side of trench)

(#7 = 30 cm to side of trench)

) BCA

| 382 b x 10"

9 x 10° 1.2 x 10°
S oo

9 x 102 '1.8 x 106
250 17 x 10°

#ﬂumbered-tensiameter locations.

M= m-Elelowmccus ﬁ?ﬁr cownT
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Fercolation test results showed an average infiltration rate of 3 min/inch
(900 cm/day) (Fig. 3.5.2.13 and 3.5.2.23). Test results showed that actual
flow rates were mﬁch lower. One must conclude that the infiltration rate
established by the use of clear waﬁer and a fresh soil hole, does not yield
a representative figﬁze for the :eal flow rates of effluent into soil as
they océur below a septic tank seepage bed. These low infiltratidn rates
result from procegses of'ﬁnsaturatéd flow and have a very favorable effect
on the redﬁction of amount of fecal ﬁicroorganisms in the soil around the
trench.

Two series of microbiological sampies were taken.. The first in July,
when soil méisture tensions around the trench were as high as 80 mb. The
xesults.of the tests (Tablg 3.2.2.1) show that EMB counts in samples taken
10 cm below the trench, were as low as control sampl.és taken 10 meters away.
This means that bacteriological purification of effluent (from a count of

16 x 107 coliforps (of which b x 103

~p— _
in the 80il, is accomplished after percolation through only 10 em of soil.

is fecal) in the effluent to none

Samples in.September (Table 3.2.2.2) were taken after aeration of the bed,
resultiﬁg in a lowér crust resistance and a soil tension of 30 mbar. At the
faster rate of percolation, purification needed a larger volume of soil. At
10 cm below the trench an EMB count of 9 x/%gi;ﬁ?s made. At 25 cm below

the trench the count was about h‘%‘still higher than originally below the

_ : _ "

bed in July. At both dates cauéis from samples taken at the sides of the bed
were higher than those taken below the bed. This could indicate a faster
movement of effluent through the sidewéll of the bed. Soil moisture tensions

gave the same indication.
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3.2.h. Conclusions | |
. Results of tﬁe research on the'séépage field at the Poultry Farm can be
summerized as follows.

1. In July, 1970 the system was oﬁeréting satiéfactory only because of
a low loading rate. Although the effluent stood 20 cm deep in the bed, soil
moisturertensions around the bed were around 80 mbar and infiltration into
the soil was very low. This indicated the presence of a boundary layer, called
a "erust", of considerable hydraulic :esistahce;

2. APter the system was pumped "dry" and aerated for about a week,
effluent was sbsorbed by the soil at a faster rate than before. Suctions
were then at 40-50 mb in the surrounding soil. Apparently, aeration had per-
mitted ﬁartial break-down of the crust, redﬁcing its hydraulic.resistance.

3. One week of ponding after the period of seration was sufficient £
'restore_tensions'around the bed similar to those measured at the beginning
of the experiment.

b. Processes of unsaturated flow were very effective in allowing
disappearance of fecal microorganisms within very short distances from the
trench.

5. ﬁse of the results of the crust test and meésurements »f hydraulic
gradients in the soil made it possiblg to estiméte infiltration rateé from
the trench much more realistically than would havé been poséjble from the
results.of the State Percolation Test. Results show that there is no fixed
relevant percolation rate that applies_to the gystem. Rather, there is a

range of possible rates as a function 3f system management.
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3.2.5. The process of soil clogging
3.2.5.1. Introduction

The study of the s5il disposal system at the Poultry Farm clearly demon-
strétes that the short term infiltration rate of clean water is not a good
megsure of the long term capacity of a s2il to accept effluent. A distinction
has to be made between infiltration at the interface between soil and liquid
ahd the potential percolation rate of water once it has entered the porous |
structure of the soil (McGauhey and Krone, 1967). Hillel and Gardner'(lgsgg
1970a, 1l970b) studied the effect of impeding layers on infiltfation, in quantita-
tive terms, relating the infiltration rate into crusted soil to basic hydraulic
properties of the crust and the underlying soil. The effect of an impeding
layer present over the top of a goil column during infiltration is to decrease
the potential head st the soil surface, thus reducing the driving force, and
to decrease the soil water content (and correspondingly the hydraulic con-
ductivity) of the infiltrating column. The crust test procedure (Section_E.B)
is based on these principlés. Processes of soil clqggiﬁg at the interface of
soii.and seepage bed create such an impeding layer under the influence of
several factors (McGauhey and Krone, 1967, p..39mTO):

1._ The physical factodr. The following subfactors contribute to clogging:
compaction of soil by machinery at thé sité of construction of a seepage bed;
smearing of soil swrfaces by the excavation equipment; concentration of fine
.particlés in the upper few centimeters of soil by vibration during construétion;
cdncentraiion of fine particles by raiﬁdrop impact.

2. 'The chemical faétor. Ion exchange, after introduction »f sodium through
water softening, ray lead to deflocculation of clayey sail at low salt concen-

tratisns at the soil-seepage trench interface.
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3. The biological and organic factors. A black, slimey concentrate of
orgahic matter and associated mineral colloids and growths of micrqorganisms
on.the surfaces of wélls of seepage trenches constitutes the most restrictive

cloggihg layer of the system.

3.2.5.2. Binlogic clogging of infiltrative soil surfaces

A typical percolation rabte curve for prolonged ﬁater spresgding on g soil
core is shown in Fig. 3.2.5.2 (from McGauhéy and Krone, 1967). The first
decrease in infiltration (Phase I) may be caused by slaking of the soil sur~
face, the subsequent increase (FPhase II) may regult from the removal of
entrapped air by solution in the percolating water (Christiansen, 1944} and
the iohg-term decrease (Phase III) in permeability results from microbial
activity as has been demonstrated by Aliison (19k7). By applying sterile
water 1o sterilé soils, he showed that Phase IIT does not occur in the gbsence
of organisme and that_the high rate achieved in Fhase LI is maintained indefinitely.
The microbial action imvolved in the decline in permeability (Phase ITT) is
primarily that of anserobic organisms in accumulating organic matterial in the
soil pores (McGavhey and Winneberger, 1964}. In well drained soils serobic
organisms are active in breaking down such compounds. This process is stopped
by_saturatibn, even with bacteria-free water, and éonsequent blockage of gaséous
diffusion of oxygen (Thomss, et al., 1968) into and within the soil system.
Dissglved oxygen carried down by water is inadaquaié in amount to maintain the
aeroblc environment necessary for decomposition of orgénic matter. The
existence of reducing conditions at the wall of the trench is indicated b& the
dark gray to gray zore, as mucﬁ as a few ém thick, in sandy so0il adjacent to

the black shiny coating.
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Thomas, et al. (1966)studied biolog:cal clogging of sand in lysimeters,
that wefe dosed gt a rate of 5 gallﬁns/dax/sé. ft. A sharp decliﬁe in infil-
tration rate coincided with the onsét of anserobic conditiosns as indicated by
cessation of nitrification. Sulfide accumulation resulted from the engerobic
environment and was not considered to be & primary cause of clogging. The
clogging mechanism undér anserobic conditions Was:c0rrelated with bﬁild-up
of high contents of polysaccharides, polywronides and organic matter in the
Pirst cm of the soil, that acecounted for 85% of the total impedance over a thick-
ness of 0-6 cm of soil. The recovery of the infiltration rate after aevation
resulied ffom destruction of the clogging compdunds that had accumulated under
anaerobic conditions. Mitchel and Nevo (1965, as cited by McGavhey and Krore,
1967) also showed a positive correlation between accumulation of polysaccharides
~in the soil profiie and reduction of its infiltrative capacity. These workers
suggested the operation of a dynamic equilibrium at any level of aefation
vetween polysaccharid-producing organisms (anaerobic), and-polysaécharide-
destroying organisms (aerobic).

Harris et al. {1966) demonstrated an increase of soil aggregate stability
in surface soil after addition of sucrosé, a8 g result of microbial production
of organic caompounds, both under aerobic and anaerobic conditions. R&tes of
decomposition under aerobic conditions of compounds that were produced anaerobically
proceeded rapidly at temperatures over 1530, and much slower at iowex‘temperw
atures. Decompogition and synthesis of the organic compounds ig accomplished
not by a single type of bacteria Bu£ rather by a population of types as deteimined
by environmental conditions. Since simi._lar processes of formation of organic
compounds under anserobic conditions can be expected to obtain in biogénic
cruste below seepage beds, results reported by Harris et al. (1966) should also
apply 1o the soil clogging problem. This means that research efférts should
Pocus on environmental properties in the s0il and related microbiological

activity as they affect the hydraulic resistance of crusts at any specific time.




3.2.5.3. Coneclusion g

Tevelospment of.anaer_obic conditions in sﬁil. s :immediaﬁ?."l.y below
and around a seepage bed, leads to £he ’pn.rod.uc.tion of orgenic compounds that
clog the soil pores at the inte;-faqe. Jlogging increases the hydraunlic
resistance »f the soil, thus re&ucing the infliltration rate into the adjace:nt
unclogged soil, that as a result may become unsatu:fatec’t even when the .seepagé
ped is Tilled with'efﬂuent. Some clogging may be beneficial in sandy soils
because it slows the FPlow of effluent into the #0il, and helps maintain the
unsaturated.and aerated condition that.is favorable to decomposition of organice
waste. Too much clogging, however, may increase the hydrsulic resistance so |
much _thaﬁ the infiltration rate is reduced to mgii.gi‘o.ly low values (see
Section 3.2). Dosing (intermittent application) of effluent may be necessary
t§ ail:n# for per_iods of. aﬂra’tifm c_‘Luring which argg.nié .'materials in the crust
can be broken down, -thﬁs restoring the 'infilt:_r'ative capacity (Section 3.2).
Systems placed superficially in g0ils with high permesbility may work guite
well without a dosﬁ.ng z;eg:ime (see Sectiom 3.%.2). 1In either case, however,
a better understanding of the relevant prﬁcesses is needed in quantitative
tee:_rﬁxs to estimate the hydraulic resistance of g "crust” as a Tunction of the

dosing regime, effluent quality and soil properties.
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Photo 3.3 Air vent (A) at the lower part of the soil gbsorption system in Ontonagon clay.
Raw effluent (E) is flowing from the system because low conductivity of the soil does not
permit it to absorb the liquid.
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3.3. Soil absorption system in Ontonagan silty clay loam near Ashland, Wisconsin

3.3.1. Introduction

- The purpose of this ipvestigation was to assemble quantitafive data f&om
a soil absafﬁtion.system that did ﬁot Funétion properly, because of the restrigtéd
permeability of the soll. This system was cbnstructed in the spring »f 1970 |
and vas investigated in the following August. _The 1ocal conditions are
representative of 2,500,000 acres_of red clayey so2ils in northern and eastern
Wiéconsin.,.A cfoss_section of the system is shown in Fig. 3.3.1. - The upper
surface of the gravel bed was at a depth of 36“ (90 em) in the B3 horizon and
was covered with a black sheet of plastic to iptercept moisture moving down
from the topsoll through the £ill of the trench. The envestigators madé a deep
excavation next to the seepage bed (see Fig. 3.3.1) to expose a represéntgtive
portion of the soil surrounding the system. Effluent was found_to be ponded in
the 45 cm thick gravel bed to a level of 10 inches (25 cm) above the bottom.
The loading rate of the system wae estimated to be 180 gallons/day. 851l
moisture tensions were measu?ed around the gravel bed and saturated hydraulic
conductivity was determined with the Bouwer double tube method.in_the main horim'
zons of an adjacent undisturbed profiie that was also deécribed (see section
6.1) and physicelly analyzed (Fig. 3.3.1a and 3.3.1b). Three state percolation
tests and a crust test were made at the level of the seepsge bed in the B3
horizon. S8oil absorption was insufficient to disprse of all effluent introduced
into fhe system as was evi&enced by consideréble seepage of raw sepmié tank
effiuent to the surface and downslope from the lower end of the seepage bed,
near the aif vent (see photo 3;3). N> bacteriological analyses were made due

to transportstion problems.
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3.3.2. Results and Discussion
Results of the State Percolation Test and the Bouwer-K measurements are
reported in Table 3.3.2. Fig. 3.3.2 gives the result »f the crust test

meagsurement .

Table 3.3.2. Hydraulic test results of an Ontonagon silty clay loam near Ashland,

- Wiseonsin.: - : . -
- 8o0il horizon . Kg t(Bouwer test) Perc. test _ _
_ 8% (em/day) (State Perc. Test: min/inch) .
A2 _ 20 no test
B2 b no test
B3 - 1400

The result of the State Percolation Tesf shows that the percolation rate
1s much slower than the critical value of 60 min/inch. According to the
State law, therefbré, the site is not suitable for a soil disposal system.
The exact measurements of hydraulic conductivity and moisture tensions around

the Seepage bed confirm this conclusion. Soil moisture tensions around the

3

~ bed (6 mb) were near saturation. The bottom area of the trench is 15 x 0.75
11.25 12, the sidewall area in contact with efflient is 2 x 15 x 0.2 n2 +

2 % 0.75 x 0.20 m2 = _6.3 m2. The hydraulic conductivity at 6 mb suction at
the depth of the seepage bed is 1 mm/day (Fig. 3.3.2). Assuming a hydraulic
gradient of unity, both vertically (beéause of gravity) and horizontélly
(because of capillary forces), total flow can be estimated as 17 liters (h
gallons) a day. This is such a low amount that for all.practical pPUrposes,
the =01l can be considered impermeable. Thus, the most basic conditiosn for
a 801l absorption system is not met. Alternatives at this site would be to
construct the seepage bed closer to the surface, where conductivity and
porosity (Fig. 3.3.la and b) are higher, or perhaps, to build a mound systém

(see Section 3.6). This site seems suitable for a mound system, because of




67
the relatively high conductivity, high porosity and low bulk density of the
upper soil horizons to a depth of 60 cm. Moreover, the site is located on a
gentle slope that would make lateral seepsge of effluent through the topsoil
quite likely. However, more study of experimental mound systems will be

necéssary before sure advice can be given as to design of such a system.




Photo 3.4.1 Absorption field in Plainfield loamy sand at Hancock.
The septic tank (S) is near the house, the two airvents (A) mark the end of the seepage bed
(see diagram of the system, Figure 3.4.1).
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3.4, Soil absorption systems in Plainfield loamy sand

Two systems of different age were studied in the same type of soil, to
»btain data on effects of aging of septic tank drainage beds. Generally,

" e———t

19607},

3.k.1, The gystem at the U.W._Hancock Agricultural ExperiﬁEnt'Statibn
3.4.1.1. Introduction

This very large system was built in 1969, gud had functiored quite well.
We investigated this system in July, 1970 (Photo 3.L.1). 4 large pit (Pit 4)
was dug rext to the seepage bed, the bottom of which was at 6 ft. below the -
soil surface (Fig. 3.4.1) to enable flow of liquid from the septic tank into
the bed by gravity only. This great depth offered many technical problems,
as the sand walls of the pit caved in several times; even when braced. The soil
around the seepage bed had a relatively dry appearance at Pit A. After exca-
vation it was found that the gravel in the bed was still clean and that
effluent had ot yet reached this far aiong the trench. We may conclude that
more than half of the length of this bed, and presumably of the other one (not
investigated) had not been used for effluent disposal during the firét year
~f operation of the system. Two additional pits (B.and ¢, Fig. 3.4.1) were
dug closer to the septic tank. The trench contained effluent at both locations.
Tensions measured around the trench at Pit B are plotted in Pig. 3.4.1. Camples
for microbiological analysis were taken abt Pits C and B and at three depths in the
septic tank. A crust test was made at the 90 cm depﬁh in Pit A, in which the
sotl profile wae described also. Two Bouwer tests were made at the 120 cm
depth in the undisturbed soil surrounding the seepage bed. - Undisturbed l.arg_e
core samples were baken from the sgoil at the same depth as the gravelbed,
for determination of moizsture retenmtion characteristics, porosity and bulk

density.
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3.4.1.2. Results
Results of the State Percolation and Bouwer Test are presented in Table
3.4.1.1. Crust test data yielded the curve of Fig. 3.4.la.

Table 3.4.1.1. BHBydraulic conductivity (h) and Wisconsin State Percolatlgn
Test measurements.

Horizon Bouwer-X {em/day) State Perc. Test {(min/inch)

C (90 cm) ' 300 2(~1600 cm/day)

Fig. 3.4.1b presents data on physical characteristics of the C horigzon
that surrounds the seepage bed. Results of microbiological analyses are in
Table S.EQL.E. The seepage bed was 6 feet below the surface, and this
creagted considérable difficulties with sampling, as the deep holeg caved in
several times. The number of observations with tensiosmeters is théxefore
rather limited. At 5 cri below the trench'the low goil mgistﬁre tension of
8 mb was measured indicating the presence of g wesk crust. At the 35 cm
depth, tension was 29 mb. Crust test data (Fig. 3.k.la) show tha£ at 8 mb,
K is sbout 30 cm/day. The hydraulic gradient below the trench is about 13,
80 the smount of fiow is estimeted at a rate of about #5 cm/dayu Ihis is a
relatively high.rate which does not.permit purification of the liguid in
the distance observed. 7This systen ﬁas the only one, of all systéms investi-
gated this sééson, in which such a high comtent of micrdorganisms existed at
a distance of 30 cm from the bed. Unfortunateiy, no samples coﬁld be taken

below the level of tensiomeiter 3.

3.%.1.3. Discussion of microbislogical data by W. A. Ziebell
We observe from this study that the population of coliform organisms
remains at a fairly constant level in the liguid in the septic tank, in the

trenches and in the soil Immediately below the trenches. Data from the
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Tgble 3.4.1.2. Bacteriological analyses of septic tank effluent and £0il around
the seepage bed. ;

Ceovn T el
) m % Boil Moisture Notes

(10%molds) Cgxt o | 4.6 Control, 140 cm depth, 1 m

| ' : ' from system (rear Pit C).
11 = 10k(feeal 92 % .1,06 1240 - Effluent from lire (obtained
on 103 plate) from a lesk through the side

of the trench.
‘ = . s . . ' . .
{6 x 10"molds) 31 x 10 C 9.7 Above bed. Ibte: plastic
(many sppear liner over the trench.
_ as actines)
(11 x 10°) 2 x10® o 3.8 10 cm above bed (Pit ().
~ (actines)
(2 x 105mo1ds) 6% 10°  © b2 At sidewall of bed.
(3 x legmolds) 12 x 10° 0 L.3 10 em at the side of
the bed.

13 x '1.0h(feca.1. s '
types on 102 18k x 10° 180 7.9 Immediately below bed (Pit C).
plate ) _
b ox loh(pink} 55 x 106 30 9.5 10 cm below bed (Pit C).
>>:LolL - 236 x 106 0 6.7 5 cm below bed (Pit B).
17 x 10LL o4 x 106 o 3.3 30 cm below bed {Pit B).

CownT -pov Wy Samples from the septic tank (sampled,9/3Q/?O)
6

3 .
Hé@ 57T x 10 .TS x 10

Lo m=- 30 cm into tank.
{18 fecal) ' '

Feo 48 x 105, 90 x 100 390 cen 60 cm depth.

{13 fecal)}

Hgo_h6 x 103 2k x 106 100 g 90 em depth.

{15 fecal)

o= T PRNTER o Co Sty @ ﬁﬁi’ eI 9’\7‘\‘.




Th

Hancock site gave an average of 5 X lO% eoliform organisms per ml of 1iquid
or per gram of dry sgii. Control samples taken_at.a distance_of appfaximaxely
1,5 meters from the trench and at a depth of 1.25 meters reVEaied no coli-
forms (but a very large nmumber of ﬁoldsj on 10-2 dilution plates. Eroduétion
of antibiotic substances by molds, actinomycetes and some bacterial species of
the soil microflorg may be significant in reducing coiifcrm-numbe:s.

Total bacteriél counts on PCA agar gave ébout 66 :ﬁ 106 organisms per ml
in septic tank effluvent, 92 X 106 organisms per mbt in the treanch tile liqudid
and 8 i loh organisms per gram of dry soil in the conﬁrol_sampie- Samples taker
immediately below the trench gravel layer(within 2 ém) gave total counts of

6 s 236 x 10° organisms per gram of dry soil. These relatively

184 % 10
high counts imply an increase in bacterial’populatiog eitﬁer by_multiplication
or by accumuiation through adsorption. The count dropped.to 5% x 106 organisms
per gram of dry soil at 10 cm and 2h x 106 organism per'gram at 30 em below

the trench gravel in this sandy soil. Therfaét that the coliform-total count
remains gt about 105-1 6*23 this pait of the éoil profile suggests that this
high population is nét g;e to true chliform organismé but rather to somé oﬁhers,
either of soil origin or originating from the septic tank.

Counts (as read.by_éheeﬁ formation oﬁ'EMB plates) of fecsl coliforn
bactEfia in samples of the septic tank effluent were in the range of 12 x 103
to 18 x 103 organism per ml. In effluent from the trench'tﬁtal'coliform
counts of 11 x lblL per ml were recorded with evidence af greén sheéntcdlonies _
on only lOmS'dilution pléﬁés*' {(1.e. counts in range of only 103per ml). In
the drainsge field no fecal coliform organisms were observed in s0il at depths
of 10 cm or more below the trench. anwfecal and intermediate coliforms were
fouhd on the plétings from soii to a dépth of'30 cm below the trench at the

Hancock site. This geemsg 10 indicate that fEcal bacterial indicavors are not

Dilutions of 10 ~3 were the lowest used because at gregter dilutions it was
found that soil interfered with the color reaction on Ievine's EMB agar.




Table 3.4.1.3.

Survival of E. Coli in variously treated septic tank effluent.

A

B

Date PCA(x106/m1) -EMB(xldé/ml) ECA(x;o6/ml) EMB(leQjml) PCA(xlO6/ml) EMB(x106/m1)
8/12 120 2 22 3.1 1~10 | 3
8/13' 130 50 110 530 120 12 .
8/15 200 1-10 120 >10 35 <107
8/17 430 20 >>10 90 39 -
8/19 110 0.9 170 100 22 leolF
8/21 >>1 8 >>1 161 >10” 80x10°
None

, Fecal org.
8/25 38 <10” 107 5 S10* 10-10
A = sewage, sterilized by millipore filter (0.47 micron filter)
B = heat-gterilized sewage
C = non-sterilized sewage

. The sewage was obtained from a septic tank distribution box.

Each was inoculated with a 1% inoculum of a suspension of Escherichis cole ATCC 4348 grown in a broth

of 5 grams peptone and 2 graws glucose/l to approximately 109 organisms/ml.

93
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moving far into the soil of the absorptlon field but that other bacteria

’@55 v,
f;oteus and Pseudononas sp. (which can grow on the EMB plates) are

present.. Whether these are true "coliforms" from the sewage or ave "coli-
forms" From the soil remains to be explained. The literature does show that
4. agrogenes type coliforms are pregent in nature and.it is possible thét
even those in the sewage can survive and grow. Relatively high infiltration
rates of effluent {Section 3.4.1.2) may be a factor in increased peretration
of coliform bagcteria in this sandy soil assuming that these organisms are
originating from the effluent.
Another point of intersst is that samples taken ad jacent to the sides
of the trench and above it_produced‘predominant mold growth on levine's EMB
agar aﬁd rCA agar, But no coliforms were recorded within the dilutions (10"2
or 1073) plated.
A decrease in the number of microorganisms may glso be caused by ngbtural
die-off in effluent, while standing in the trench. A separate experiment
was therefore conducted to investigate this aspect.
Diefoff within 3 to T days of a known Ieéal coliform strain was observed
aefter its inoculation into nenméterilized septic tank effluent (Table 3.k.1.3).

Twani (1966)repozted 2 Gile-off of a known E. goli and 2 Sﬁreptococcus fagcium

5 (10 ) E.c./ml and 1 x 106 §:§./ml to b ox 1oh‘§;g./m1 in 5 deys. Field

evidence in support of this was obtained in the study of mound Sysbtem I {Sec.
3.6.2) where effluent in the mound, well above the groundwater table, had no
sbgervable fecal doliform content. This effluent had not yet percolated through

gnil.




At Hancock,Streptococcus counts taken on m-Enterccoccus agar gave

100-500 organism/ml for effluent Pfrom the trench tile line. Seldom were any
detectable in the field below the trench, however.

It is interesting to note that the approximate Si:reptococcus rmumbers in

fresh human feces is about 3 x 106_per gram (Kenner et al., 1960). Thus
the range of counts in the sewage here is indicgtive of very. little survival.

This t00 implies that a great die-off of Streptococcl must be occurring from

the time the effluent reaches the tank till it moves into the absarption
field {tank retention times have been estimated at 1-3 days depending upon
gize of the family or facility served, size of tank, amount of water used,

ete. ).



Photo 3.4.2b Absorption field in Plainfield loamy sand at Friendship.
The location of the seepage beds, which were 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 of system, Figure 3.4.2).
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3.h4.2. .SyStém at FTiéndship, Wisconsin -

s.hﬂz.i. Introduction

| Thig EySte@ was built eleven years ago. ,lnyesﬁigations were made in
September, 1976" Despite very high loading rates, estimated o average about
600 gallons per day, there had been no problems with thig system. A %top view
and cross section of the systeﬁ are shown in Fig. 3.4.2. Abundant growth of
grasses above the trenches (Paoto 3.L4.2b) indicated subirrigation with effluent.
The distribution box of the system (Fhoto 3.4.2a) was of special construction,
with half~inch vertical spacings of stepped sutlets to the three seepage beds.
A pit was dug next to the central bed in the threé-bed system after it was
sbeerved in the distribution box that effluent was standing in all beds. Soil
msistﬁre tensions were megsured around the bed (Photo 3;h.2c). Prysical
analyses of this pedon and crust test results are Similar to those oF the
Hancock pedon (Section 3.4.1). MTwo so11 percolation tests were made at 80 cm
depth in the pedon, and a representative profile was describedl Samples

were taken from the s0il around the trench for microbioslogical anelyses.

3.4.2.2. Results and discussion

The percolation rate, determined by the State Percolation Test, was 2
min/inch (1800 em/day). Real flow rates from the bed into the surrounding
soil must be much lower to account for the presence of liquid in the trench
at a loading rate of 600 gallons/day. The total bottom area of the three beds,
{all filled with effluent to a level of about 4O cm) was &7 me. Sidewalls
provide an additional absdrptive area of 180 x O.h = 72 m2. Bo0il moisture
tensione were 20 mbar below the bed, and increased from 23 to 36 mbar at
the sides. K at 20 mb is 2.5 cm/day (Fig. -3,1;..15), Vertical infiltratisn

can then be estimated at 540 gallons/day (vertical gradient is unity).



Photo 3.4.2b View of distribution box with 1id 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 leagve
the box at different levels: pipe (L) is one inch higher than
M, which is one inch higher than R.

Apparatus for field measurement of soil moisture tensions (see
also, Figures 2.3.3d and e). The 1/8 inch plastic tubes (T)

are filled with water and connect pencil-sized tensimeters
(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 co2lumn in the tube along the
calibrated scale, S (seé¢ Section 2.5).



Tgble 3.4.2. Bacteriological analysis of effluent and soil samples arcund
the seepage bed. _

Bacterial Counts A;ﬁm

Semple number

and location” ' EMB® BCA 1

T 3 x 102 5 x 10° o

II 1x 10° 200 x 106 o

o 2 &

11T <iQ 107 many molds O
>10

v <167 1.7 x 106 0
>10

Control <1O2 _ 5 x .lOS o
>10

Distribution Box 46 x 107 ' o7 % 106 ' 0

(31 x 103 fecal)

no fecal coliforms present unless otherwise indicated
Teee Tig. 3.4.2.

s py,gwjggac065uj %7Aw‘ COQDQk



81

Horizontal potential gradients are smali (about 1/3). Flow is estimated at
i25 gallons/day. Combined vertical and horizontal infiltration is therefore
about equal to estimated loading. Microbislogical data (Table 3.4.2) show a
strong decreagse in EMB count as a function of distance from the seepage hed.
Yumbers similar to those in a control sample, taken several meters away from
the trenches, were counted in samples within 50 cm from the system. These
figures show that in this particular 5qil coliform content of the trench
effluent ig significantly reduced after percolation through a relatively

small volume of soil. This is achieved because of the impedance by an

organic crust at the interface of soil and gravelbed, inducing = soil moisture
tension of 20 mb in the undgrlying golil, even though fhe ved is filled with
éffluent; Resulting slow movement of effluent into the unsaturatEd;_aerated
s0il is favorable for purification. Moisture refention dats presentéd in

Fig. 3.h.1p shows that 15% of the soil volume is filled with air, at 20 mb
suction. Thé composition of this air is unknqwnf However, only large pores
are filled with air at such a sﬁction, and it can be hypothesized that consid-
erable atmoéphezic oxygen diffuses through these pores. Distances of diffusion
are relative;y small in this superficial system. Accumulation of orgénic
compounds resulting from anaerobic processes will be limited in such a relatively
aerobic soil enviromment (Section 3.2.5). As a result, crust development is
also limited and only a moderaté impedance develops. This system is very
interesting in that It does not need a dosing cycle td function properly even

when ponding effivent persists in the trenches.
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3.5, Evaluation of the Wisconsin State Percolation Test Procedure
3.5.1. Introduction .

. Suitebility of a site for the constriction of a septic tank disposal
gystem 1s deitermined on the basis of slope of the area, level of the water
%able, depth %o bedrock, if any, and a mandstory percolation test (State
Board of Health, 1969), (see Section 2.1). The percolation rate is expressed
in the number of minutes required for the water to £all one inch. This velue
can be translated into the more common physical units.pf cm per day by calcu-
lating the ratio between 3600 and the number of minutes per inch. Estimates
of-required dimensions of the 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 relieble oniy if 1) the test procedure itself gives
respresentative.and reproducible resuits Tor each loéation? and 2} if such
resgults apﬁly to the real physical conditlons iﬁ and sround an opersting
disposal system. Thege two aspects will be:considered separately in the

following.

3,5.2. Varigbility of test results; comﬁa:isﬁn with methods -.

The method to determine the percolation rate (State Board of Health;
1969, Section 2.1) has been studied by many authors (see review by McGauhey
and Krone, 1967). Correlations of percolation tests with soil properties
were studied by Derr et al.,(1969). They report results of several thousands
of tests, made in Pennsylvania. At any glven site 3 to & tests were made.

The coefficient of variability for replicate tests on one site varied from
0-253%, with an average of T3%. Variation between sites was slightly higher
than variation within a site. The percolation rate was possitively correlated

with the'clay content of the subsoil and the drainage class. The guthors
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coneluded thét the very high variability of resulfs mékes the tesgt éuite
unreliable. Mokma (1965) demonstrated considerable séasonal variations in
test results. |

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

1. Range of variability of test results.

2. 'The seasonal variation of percolation test resulis.

3. A comparison of results obtained by the official test procedure
(which allows a Palling water level) with results obtained By a
procedure in which a constant water level is maintained in the test hole.

L, A Qamparison of the percolation test results with Kkvaiues determined
by the Bowmer double tube procedure.

Investigations were made in severn so0il horizons, as indicated in Table

3.5.2 and corresponding figures. Variation 5f test resuits is expressed as
the crefficient of varilabllity, that gives the standard devietion 8 of test

resulis as a percentage of the average ‘S V?L_:Ela . At each gite the

1nd1v1dua1 test holes were made w1th1n an area of 25m (™~ 225 sq. ft.)
The distance between holes was always more than 1.2 m (b féet).

The infiltration curves, as determingd in the fieid (Fig. 3.5.2.1) are
given for ﬁhe official State Percolation Test Procedure (SPT) and for the
Constant-level Percolation Test procedure (CLPT) (Figﬁres 3.5.2.3 through.3.5.2,23).
Data derived from these curves are presented in Table 3.5.2 for 7 pedons.

The SPP data of the 1970 field season,include.the rates ag measured after 2,
L, 6 or 8 hours of wetting on the second day. The value observed after 3% to
4 hours on that day is téken as the official percolation rate. jhfiltrétion
rates were also recorded during the "soaking period" of the previous ("the
first") day. SPT data for the 1969 field season (Bouma et al., 1970) were
calculated from the rate of fall of the water level after # hours on the

second day, as directed in the test procedure.
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The coefficient of variébility (cv) was calculated'for replicate SPT
measurements at every location for each field season separately and for all
values combired. The Constant Ievel Percolation Test (CLPT)'was done in 1970
only. CV values for this test, thereforé;'oﬁly a@ply-tO'the spring season
of 1970. |

CV values wefe also ecalculated £or #ach individual hole used for a
SPT or CLPD determination, expressing the variasbililty of readings on the second
day after 2, ﬁ, 6 and 8 hours. This CV valué, calculated only for the 1970
déta, made possible aﬁ evaluation of the significance of the required arbitrary
four hour period of measurement during the second day. H&draulic_c@n&uqtivitjes
(X) measured with the Bouwér double tube apparatus in both sumger and fall of
1969 and the spring of 1970 are.Iqurted here for each hozizon; along with
their CV values.

- The seven horirzong represented in Tabie_3.5.2 are veferred to by number

in the text, Viz. No. 2, No. 5, etc.

The following conclusibns can be drawn from thé assembléd.data:

{1) 'The CV values of the.State.Pércolation Tests in the summer and fall of
1969 vary between 10% {(No. 5) and 100% (No. 2). The averagewss 50%. When
all Values.for each horizon are combined, the range is 409 (no. 4) to
00% (No. 2),_w1th'an average of 57%. This is a high value although
s8t1ill lower than the 73% rapox-tea by Derr et al. (1969). Tt means that
an average percolation rate of, for exam@le, =20 min/inch has to be read
as being between 31 and 9 min/inch with a probability of 68%; so there
18 & chance of one in three that values.occur even ocutside this range.

A1l horizons included in our experiments were in relatively hdmogeneous

well drained msterials, except for the B3 of the St. Charles-Babtsvia _

silt loam (No. 2). This horizon was close to the interface between
leached loess and glacial till, which may account for its quite variable

behaviour. But even when this horlzon is excluded, CV is still no less



(2)

{3)
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50%., The greater part of this high vgriaﬁility is due to the heterogénity -
of the natural soil. Some of it, however, is the result of the measure~
meﬁi procedure (see item 3, below). | |
Seasonal differéncés in SPT results do not shswrany consistent pattern.
Simiiar rates were measured.in sprfﬁg gnd late summer in No. 1; higher
rates in spring in No's 3, 4, and 6 and lower in No's 2 and 5. Differences
do not correspond'with the initial soil moisture contents before ssaking.
For examplb, in the gpring 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_fbr the initiél 501l moisture content, mamny other
factors may contr@bute to the observed &iffgrenceé: better cleaning

the bottom of the hola with a new hole cleanef in 1970 as compared with

the work in 1969; the meﬁhod of measurement of the water level; the way
the hole waslfiiled ﬁith water after eacb gix~inch fali, etc. These
results o not confirm those of Mbkmar(l969) who reported relativel&

low values in spring, due to the relatively high vater content of the

soil which i~_educed the hydraulic gradient (see point 4). Presoaking ,'
during the First day of the test procedure, has apparently substantially
reduced diffe?ences in hydraulic conditions in different seasons. The
percolation rates observed during the first day of sosking, are often
lovwer than those.measured on the secord day {see data for Tos. 1, 3 and &
in Table 3.5.2).

The variability of the Constant-level Percolation Tests (CLPT) is

lower than that of the regular percolation test. The average CV for

CLPT teste 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 variability in infiltration with time can
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thereéfore be att:ibuted to changes in soil structure a:_nd hydraulic
conditions around the test hole, .The State ;Fércol-a‘ciqn Test, on the
contrary, measures the rate of fall of the water level from the 6" level
downward to the gravel. As the wé.téz_- leve.l. moves down, the area
availgble for horizontal flow through 'thé sidewall of the hole
decreases. This may lead to a marked decrease of infiltration
during each run. |

Four different infiltration patterms of the SPT can be distinguished
{Bouma et _g;, 1970) and are illustrated 1n the upper _par‘t of Fig. 3.5.2.1.
Type 1 shows a constant infiltration rai‘be at all times. Type 11 shows
a decrease of infiltration with time, duve to ofher fa.ctors than change
in vater level, as indicated by the constant slope of each separate
lire. Types III and IV, on the contrary, sligw rate decreases related to
the decreasing level of the water, reflected in the change in the slépe
of each line during each separa‘ce_ run. Variation in the percolation test
resz_zlts of these two types 18 caused by the method of meaéurement as well

as by goil factoi's.

The lower part of thé Flgure 3.5.2.2. presents four infiltration patterns
of the CLPE_‘, numbered A through D.

Tvpe A represents a constant steady infiltration rate in g soil that was
moist throughout before the test began. Type B shows a decline of infiltration
rate résulting from ilncreasing remoteness of the wetiting front, and decreéasing
potential gradients in an originally rather dry soil. Type C shows an increase
of infiltration with time, possibly as a result of gradual removal of air frbm
soil pores by solution of air in water. Type D shows a clear increase during

a single run, whereas in the other types each run had a constant rate.



CROSS SECTIONAL DIAGRAMS ILLUSTRATING THREE FIELD TESTS

’ Irs

{iwnvERGBE oTs
ST-M‘DPIG'E) ('QUTER. Tud &

SravoPIiPEY

- ovTER TURE

SO \\\\.\ I -

QAN
=\ il G
¥

Bouwer double tube method

Fig. 3.5.2.2

State percolation test,

i
s P s o)) VIR R
4 - AN 7R ¢/
/ !(_1 ; / // . /
AR N RVRY,
o e A R V4 T 4 B 4 B B
- -~ 21 Vo 72
O T G
/@@ %’?\ 9/ MR ) = %f:’—.‘ /§l$(m (=6")
R ZatA 40 =
L )%/?/\ | P Ll
\ 4 ?
\ ﬁ /
- \\ ? / Constant level percolation test
y ‘ _
e -~ 2 PRI
? ~ //Z AR
/ -~ ol P -~ s
- // m 7 e ; 7
s ~ ~\F . [ -
d s 7 ” g B /
s ‘""(ﬁ_ 1— 7> ’ e T /
!, ——— ,- — N ; . /_7,7.{/.;._ - K ﬁ‘isci"l(é”)
(b 7 L e e !
W N A
‘\ ) / : \ / E wATER @ SO v 3
. ’ | ; ——i. FLOW PATTERN RELEVANT Fof
\ *E J . . Elow pamgM_ME'AE:uREHENT; o %
A % - _\\? o ML g fS iy
N? o v\ AREA OF RELEVANT FLow



89

Changes in infiltration rate can also occur because of proximity of the
test volume to the inte:c'f_'ace between finer textured material above a coarse
materisl.

The observed difference in CV between SPT and CLET test results can be
explained, therefore, since most SPT measurements exhibit the properties of the
Type [1T curve, which are absent in curves A thrqugh D. To further explore
the varia’oilify of.SPT me asurements, percolati-_on re;tes. {spring, 1970) for
individual test holesg have been calculated not only-after a 4 hour period as
required, but also after 2, 6 and & hours. Gemrally a decrease in the
percolaﬁion rate with time is to be expected, since wetting will'lead to a
decrease of suction gradients in the 851l and processes of swelling may re-
duce infiltration. However, attention should be givén only to decreasges
caused by hydraulic and so:i.l factors,which are relevant, not to those caused
by the measurement procedure itself. In individual SPT holes the CV values
varied between TO% (Wo. 5) and 17% (No. b4), with an average value of hh%.

CV values for individual CLFT holes varied between O (No. 1 and 2) and 16%

(Wo. 3) with an average of 6%. Again, the observed differences have to be

attributed to the measurement procedure followed in the State Fercolation

Test, that adds an estim ted 15% ﬁo its CV value (see page 89. M@intaining a constant
water level in the test hole, thezefﬁre, reduced the variability of rESu;ts
substantially. |

(k) Hydraulic conductivity (K) values measured with the Bouwer Double Tube

Method ing anfined volume of so0il of about 1,000 cm {see Fig. 3.5.2.2. ) have

a significan'tly lower CV (26%) than the other methods. K values are

well defined soil physical cqnstants that can be used in physical,models

of moisture flow (see Chapter 5). An infiltration rate such as that

measured by the SFT' cannot be congidered as g physical constant because



it is affected by variable boundary conditions in a large, undefined,
volume of soll. Flow rates can be calculated if X values for both
sgturated and ungaturated soil are known, as well as the hydraulic

gradients in the soil material. The gradiénts are measured with tensiometers

Investigation of bperating systems (Sections 3,1_3.5)-has proved
that the soil around septic tank seepage trenches is not saturated due to
presence of crusts of organic materiél.on the trench surfaces. This implies
that the liguid moves much more slowly into the soil than would be indicated
WtMsﬁm%ﬁhﬁmﬂkcm@&hﬁp The new crust test (see Chaptexr 2.3)
yvields the hydraulic conductivity (K) és a function of moisture'éontent.

Using such K values, flow rates can be predicted Ffor unsaturated soil in aceor-

dance with suction gradieﬁts._

3.5.3. Interpretation of Percolatisn Test Results

The infiltration rates measured with the State Percolation Test are
actually all relatively high. The limiting value of 60 min/inch (=60 cm/day)
still represents a considerable volume: In one day, 150 gallons of liquid
would percolate imto an area of 1 e (™10 sg. ft.). An absorption field of
only 20 square féet in an uncrusted soil with K .= 60 cm/day, would be suffici-
ently large to hand1¢ 300 gallbns per day, the averégé effluent load for a
family of four. In sandy so0ils an even smaller field would"bé adequate. 4 -
goil with a percolation rate of 2 min/inch (=1800 cm/day) ﬁﬁuldﬁneed an absorﬁ-_
tive area of only TOO cm? {that 1s less than one square feet) to handle 300
gallons per day. Practical experience has shown that things do nst woik
out this way. As & consequence, the Stéte“Code (State Board of Health, 1968)
requires a minimum absqrption érea of 50-~85 square.feet in soils with o perco«l
lation rate less thaﬁ 3 min/inch. Some systems fail ﬁevertheless. Pereslgtion

test results, therefore, do not predict the infiltration rates as they occur



9 T 1 Y 7 TTTY T ! Y T

. R S
Q27 : O APPARENTLY LOADED TO CAPACITY
&g ¥ OVERFLOWED AT TIMES T
7 L @20 @ OVERFLOWING AT TIME OF .
- Oi4 o2l INSPECTION
o 6023 LINE USED .
@ 15
S 5‘( Il e s LINE  INCLUDING ALL POINTS.|
4 ol6 ' ‘
o
- 4 |peDE22 :
o ~ 026 i3 .
a - # , )|
O 3 = ¢ )
wk it 25 o024 ] .
2 \¢2 = — -
| \\M ¢9 T ¢|9 ! 8
- - - 7 0
0 1 i I ! Ll 1 I T Il S !

0 ! 2 3 4 5 {0 15 20 25 30 35 40 45 50 55 60 €5 70 15
TIME FOR WATER SURFACE TO FALL ONE INCH, min

FIGURE 3.5.3RELATIONSHIP OF TILE FIELD LOADING RATES TO PERCOLATION
TEST RATES (from McGavhey and Krone, 1967).

6.



%2

from seepage trenches. The real rates are much lower thaﬁ those given by the
test. This has been known for a long time {McGavhey and Krone, 1967) but

the test has continually been applied since the nineteen twentles primarily
because of lack of a better one, and also because of its usefulress in

ranking different soils according to their rélative_éapacities to transmit
1liguid. The greaﬁ'feduction in the soils infiltrative capécity by organic crusts
on the walls of the trench (McGauhey and Krone, 1967) has been deemphasized

if not ignored. Since it has been guite obvious that real infiltration rates

in disposal field are much lower than rates measured by the SPT, empiriecal

research and theorizing have been done 6o determine "Pactors” of reduction.
Ludwig et al. (1949; see MeGeuhey ard Krone;'l967) suggested the use of a
”fagtax” 5f 20. That ig to say, the amount of sewasge effluent which may be
legched away in a soil was.estimated to be gpproximately one-twentieth oFf _
the amount of clesr water that could seep through the same spilf .Kiker (1953)
stated tham.soils in Florida would absorb hb times as much water as effluent
from settled ée#age. Eefcolation rates have also been empirically iﬁtezzaeted

in terms of loading rates. Federik (1952) introduced the Fformula:

Q= 5//%
where Q = the loading rate in gallons per day per square feet in g tile field

and t = percolation rate in min/per inch. Kiber (1953) introduced:

G = 29/t + 6.2k

where G = Q of the previous formula.

In the original abproach-of Ryon, who intro&ﬁcéd the test in 1928, percol~
ation rates and loading rates weré measured at several sites. Those values |
were plotted in a figure (see Fig. 3L5.3. from McGauhey and Krone) and a line
wag drawn érbitrarily geparating systems vhere all applied liquid was absorbed

by the e2il from those'where averflow occurred.
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Criteria, derived from this type of graph, ére 8till being used and form
the basis of current criteria for deterrining suitability of soils Tor
private waste disposal systems (Stabe-Board of Health, 1968). According to
this approach the percolation rate is reduced by.a Factor vgryihg Trom 20
to 2500, depending on the_lﬁcation_of the system on the chart.

Data.reported above show that the inﬁerpretatidﬁ of percolation test
results is empirical. As pointed out in Section 3.5.2. (Point L), knowledge
of the hydraulic csnductiviﬁy characteristics will make it possible to cal~
culate the moisture movement as a function of crust resistance. The study:
of the seepage bed at the Poultry Farm (Arlington)(Chapter 3.2) proved that
crust resistance is not a constant, but varies as a function of the dosing
rate. This points to an oversimplification iﬁ the State Percolation Test.
There is no fixed permeability value, whether for sabturated or unsaturated
soii,_thai will sufficiently characterize a soil systsm aiound a seepage bed.
Rather, there is a poésible range of permeability values. Ioading rates,
pretreatment and dosing will determine at what raﬁe, lying within a certain
range, the s0il absorbs the liquid at any given time. A second oversgimplifica-
tion of the STP is its sole emphasis 5& ilydraulicsw The problem of liguid
waste disposal is also a problém Ofrdisposal of nutrients (Nd,, P) and harmful
microorganisms. Therefore, asn adequate study of the problem of disposal of
liquid waste of septic systems through soil absorption can only be made by
considering ali these interrelated factors together. Results of this'type

of study were reported in Chapter 3.1-3.5.
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3.5.k. Conclusisn

The State Percolation Test gives highly veriable results (the.average
coefficient of variability, CV, was 50%). Maintaining a éonstant water level
in the tegt hole can reduce variability to an estimeted 35%. Such infiliration
rates, however? gre gtill not physical constants, in the sense that hydraulic
conductivity (K) values are,and cénnot be used thérefore in physical flow-
models. In this study K values for saturated soil were measured with the
Bouwer Double Tube apparatus. These measurements had a relatively low CV of
25%. However, experimental data shows that flow from seepage trenches oceurs
mainly in unsaturated soil. Therefore, unsaturate&'K valﬁes, were measured
in the field with the newly develsfed crust test, and were fbund.to be
essential to model and to understand the flow qf liguid from septic btank
disposal trenches. I single fixed conductivity valué applies to a flow éystem
(as is assumed in the State Fercolation Teét) but rather any of'a.number of
values constituting a characteristic range. Management of a given liguid
waste disposal sysbem.will'determine which K value in this rangs app;ies to
the actual hydraulic condition. Finally, any test of site suitability should
.not be restricted to movement of liquid only'but should consider problems of

chemical and biological pollution as well.




%* _
Table 3.5.2. Results of percolstion tests of seven soil horizonsg.

¥o. of Perc. rate Tirst day Perc, rate sec. day Perc. rate third day OV, seond day CV,1969-70
holes 2hr -  Lhr = 6hr hr ihy éhr  Shr Lhr thr (%) (%)
St. Charles-Ratavia silt loam (Charmany Ffarm).
1. Horizon: B2lt (60 cm depth)} Initial moisture 1969: 0.6b; 1970: 0.1b (est.)
SPT July 1969 6 - - ——— e 22 —em e --- 36,
P L,
SPI April 1970 3 15 14 20 14 20 o e - - Lo”
CLPT April 1970 3 15 15 ——— 10 10 16 9 9 ——— 35
Individual test holes
April 1970=SPF _ A
No. 7 14 1 16 1 18 2L - 305
"No. 8 16 8 17 15 15 27 hoj Lo
No. 9 16 22 27 5 32 22 53
April 197C-CLPT 0
Bouwer K: 57 em/day (63 min./inch) &k meas. 25
2. Horizon: B3L (120 em depth) Initial moisture tension 1969: 0.3b; 1970: 0.5b (est.}
SPT July 1969 6 o | R 1001
SPT April 1970 = 3 38 5k 57 B 87 89 100°
CLPFT April 1970 3 & 80 8 .. 16 - 76 2
Tndividual test holeé
April 19T70-SPT o '
No. 10 1k 12 20 11 13 19 30y
No. 11 20 30 3G G 128 - 90 ?3} 50
No. 12 80 120 120 80 120 200 48
April 1976-CLPT ' ' 0
Bouwer K: 22 cmfday {160 min./inch} I meas. 25 &
1

e e _ ‘
All percolation rates are given in min./inch, unless otherwise stated..



rante 3.5.2. {continued).

Ha. of  Pere. rate flrst day Pore. rote Bec., day Perc. rate third day OV, secondday  CV, 1969-T0
holes  2hr whr . Ghr  2hr Yhr Ghr'  Zhr Iy hr (b (%7
Plans silt loam (Mandt farm). _
3. Horizon: BPLt (50 cm depth) Tnitial moisture tension: 1969: 0.1lb; 1970: ©.03b (est.)
SPT July 1969 6 --- e e mmm 08 e e e . - ks
SFT May 1970 3 7 9 —- 10 11 1L e e - 15
CLPT May 1970 3 3 3 - 6 6 b 3 - - 1c
Individual test holes
Hay 1970~SFF
Ho. 7 T 8 .- 7 11 11 2e,
. & 7 11 - 16 12 12 20 23
o, 9 7 8. - 6 g 10 26°
~QLET
No. 2 2 o e 6 8 5 3 - - 25+
No. S 3 e e 6 6 6 6 g g 0; 16
Mo, 6 2 9 ——— 6 b # i b e 2p”
Bouwer K: 28 em/day {120 min./inen} 25
J. Horimorn: B3L (20 em depth) Initial moisture tension 1969: G.1b; 197¢: 0.1L {est.)
SPT July 1969 ) 33 20 ho
SPT May 1970 3 8 6 -—- 15 . 16 13 - S . 48
CLPI May 1970 3 5 e e 12 10 10 19 8 - 25
Individual test holes
My 19T0-SFT .
No. 10 7. 8 w—am 23 21 18 12.
No. 11 10 5 e 13 19 12 17. 17
Ho. 12 & 7 e 8 9 10 11
~JLPT _
Wo.e 1 10 -— - 25 19 19 i) 15 - 163
HNo. 3 2 e - 6 5 - 10 5 o 1515
No. U i - e 5 5 - & 5 - 1 ,
&
Pouwer K: 11 em/day {330 min./inech) 25




B 5 e

TR W

Dowwer K.

o7 em/day {13C min./inchn)

3¢

o, of Ferc. rate first day Perc. rate sec. day ; -T0
noles  2hr Lhr 6hr Shr hhr 6hr ~ Shr 24‘?3') )
Tame silt loam {Platteville)} virgin site. _
5. Horizon: B2t (20 cm depth) Initial moisture tension 1969: 0.3b; 1970: 0.1b (est.)
SPT Oct. 1969 2 - - - - 6 - ——— 10
SPT May 1970 3 - 9 12 16 42 T 8
CLPT May 1970 3 5 8 6 6 6 6 - 30
Individual test holes
May 1970-8FT )
No. 8 15 1k 30 8o 90,
No. 1C 7 11 10 23 54t 70
Wo. 11 6 10 9 23 62"
-CLPT .
Wo. 1 6 10 5 6 6 & - el
No. 6 6 J 9 8 8 8 o 05
No. & L b L 5 W L - 167
Bouwer K: 95 cm/day (38 min.finch)} 3 meas. 30
Pama silt loam (Platteville} cultivated site. '
6. Horizon: B3l (80 cm depth) Initial moisture tension 1069: 5b,; 1970: 1b {est.)
SPR Oct. 1969 2 - —— ——— -—— 38 - -—- Le 45
SPr May 197¢C 3 - - —— 14 21 ko 17 25
CLPL May 1970 3 L 3 5 3 8 8 mm 12
Individual test holes '
May 1970-SFT _
. §  =—- - ——— 17 2k k3 16 Iy
Wo. 7 === -—- -—- 20 15 06 16 100 60
s, 12 —-- - e 10 ol 16 19 L
“CLED sl 2 1 1 L 8 & 9 - 8.
. § 2 6 i Q 9 g - ¢ 3
Yo, 6 1 2 L T 7 T - G

16



Table 3.5.2. {continued).

No. of Pej_'-.gv. J'a_t.é second day CV, s=cond CV(_Df both#sites), 1970
noles . ohr B day (%) (%)

Stony sandy loam till (Arlington Experimental farm).

7o AL 90 om depth in.a Saybrook . silt loam. Initial moisture tension: 0O.Llb.

SPT July 70 3 b N 35 6D
{Poultry)
8Pr July 7O 3 3 3 60
(Dairy) E
: _ *
PLIC July 7O 1 L 3 20
{Poultry)
PLIC July 70O 1 5 i
(Dairy) |
Individual test toles
SPr Poultry
No. 1 5 5
¥o. 2 6 6 o
No. 2 1 L
SPT Dairy .
No. 1 1 1
. 2 3 3 0
No. 3 5 5
PUIC Poultry L 3 20+
1
, ST
PTG Dalry 5 I 15

Bouwer K: No measurement possible because of stones. From crust test
procedure:

o O f ) i £ b1
Kﬁaﬁ = 80 em/day {45 win./inch)

*
Amount of replicates is o0 low here. _
#Pqultry Farm and Dairy Center, Arlington Farms, Wisconsin Agr. Exp. Sta.
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Photo 3.6.2 Mound System I.
The mound is indistinct because the upper end (E)

ad jacent area. This picture was taken from point 1 in Fig. 3.6.2a. The bank
is at the corner of the picture.

is gt the same level as the

surface of the
of the lake (L)
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Mound system for the disposal of septic fank effluent
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3.6. The experimental mound systems in Clark County, Wisconsin
3.6.1. Introduction

| Obviously, liguid waste disposal through s2il absorption can only be
successful when the so0il %5 be used is capable of absorbing a sufficient
amount of liquid. .Soils with a ?erbdlation rate of more than 60 mimutes
per inch are classified as unsultable for on-gite liquid.ﬁaste disposal, as
" are gites with groundwater or bedrock within 3 feet of the surface, or with
steep slopes (State Board of Health, Chapter H22 (1969). These prohibitive
conditions apply to an estimated 55% of the land area of Wisconsin. Strictiy
following the letter of the law, on-gite liquid waste disposal is not possible
in more than half of the State. Two alternatives, a public treatment plant
énd holding tanks, seem to be unacceptable. Public sewer systems cannot be
constructed economically in gparsely populated rurxal or suburban areas. The
cost of construction and servicing of a large holding tank is prohibitive.
The result is that many people, sometimes enqouraged by "specislists" promising
the impossible, try to build a system anyway. It usually does not work and
the result is that Taw sewage flows into road ditches and stagnent poals,
cregting a hezlth hazard. |

| In this chapter the results will be reported.of a,pzeliminary study of
experimental mound systems {or NODAK systems), constructed in Clark County,
Wisconsin with.special permigsion of State Board of Hbalth officials, to
study possgibilities for on-site effluent dispﬁsal in'soils with high ground-
water, low permeability or other limitation, |

The effluent flows by gravity or is pumped into a mound of 521l about

b feet high and resting on +the original soil surface. The liquid percolates
downwards through the unsgburated soil material in the mound into the under-

lying soil profile (see Fig. 3.6.l1a).
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The bottom of a seepage trench.in'a traditional system (Fig. 3.6.1b) in g
permeable or well drgined soil 1s usually placed at g depth of abouf 3 feet.
| The liquid moves down and laterally from that level. A mound system differs
primariiy in being ele#ated about 5 feet, as compéred t2 the traditional
system. The effect is to increase the thickness of soil available for percola-
tioh befofe the treated effluen% reaches the groundwater or a perched
water table on top of an impermeable layer.

Some potential advantages of a mound system are: 1) The size and shape
of the mound, and the textural compoegition of the £ill material can be more
easily controlled than can the subsoil in a régular system, to create cond-i.-bians
for optimal treétmant and, when necessary, for temporary storage of effliuent.
2) The upper soil horizons are usually mofé permeab;e than the underlying B
horizon, so that lateral movement of liquid after dOWHWard percolation through
the mound may occur relatively easily, despite the unsuiltability of the subséil.
3)'Because the mound is surrounded by air asbove and on ali sides, the interior
may be bett;r.aexated than the soil surroundiﬁg a conventisnal buried system.
As a resuit aerobic decomposition of effluent compounds may be better in the
mound system. Care must be tgken that the surfece layers of the mound dp not
restrict air diffusion unduly.

Some potential pro%lems are: 1) Stoppage of movement of ligquid in the
system by freezing in the tile lines, in superficial soil layers of the mound,
and ih the original surface 8oil around the mound. The unfrozen core of the
mound might, under resuliing anaerobic conditions, still asct as a storage tank
but would not effECtively.treat the effluent. The same effect would result
wheneyer ﬁhe loading rate exceeded the capacity »f the éoil t2 conduct the
moisture away'from the system. 2) Seepage of polluted effluent from the sides

of mounds of moderate size onto the surrounding soll surface may take place
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in times of excessive rain or snow melt or din case of sverloading of the
system from within.

Construction of a mound system is one wsy to attack the problem of
liguid waste disposal on sites where so0il conditions pre§ent a conventional
system from working. Spraying of effluent over agriculfural land or geration
and/or chlorination of effluent are alterﬁatives, and can possibly be com-
birned with other schemes. DBecause thisg study hés centered on s5i1 conditions
and related hydraulic phenomena, attenﬁion will be focused on the mound
systen as a possible aglternative to the convenbional one. The following report
is preliminary and is to be Tollowed by others as monitoring of gelected

mound gyetems progresses.

3.6.2. Mound System I, on Humbird sandy loam (over sandstone with impervious
shals_layersj |

3.6.2.1. TIntroduction

This system ﬁas investigated in Jume, 1970. Samples of soil and ligquid
for baéteriological and fertility studies were taken on July 30, 197C. The
Humbird sandy loam {see profile description) developed in a sandy cover over
stratified weathered shaly sandstone. |

“A top view of the mound system and a section aloﬁg the line Mo-Mp, are
in Fig. 3.6.2a (see also Photo 3.6.2). The locations of the Bﬁuwer tests (B)
and State Percolation Tests (P) are indicated. Seven samples (npmbered 1-7)
{fgures 3.6.2a2 and D) were taken for chemical and bacteriological analyses
(July, 1970). The experimental mound system was constructed here, because of
seasonal high perched groundwater that would have prevented,pfoper functioning
of a conventional system. The system was built in the early fall of 1969.

Grading of the original sloping soil surface (Fig. 3.6.2a) intersected through
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gome impermeable soil horizons upslope. Half a year later a small recreational

lake was constructed al a distance of about 10C feet from the mound system.

3.6.2.2. Results

At the time of investigation, the system seemed to be sbsorbing all efflu-

ent delivered to it, despite

very high loading rates (estimated to be 1000

gallons/day.) Hydraulic conductivity values are presented in Table 3.6.2a. and

show a striking change from sandy loam solum to underlying clay and sand.

Table 3.6.2a.  Hydraulic conductivity of Humbird sandy loam.

Horizon Hydraulic conductivity (K) measured
' with Bouwer double tubs apparatus

State Percslatiosn Ferc. Test
Test, conventional Constant Ievel

B2 20

B3 _ 12

IiC green shale bvand 3
TIIC white soft sand-

stone sand 500

Fill in the mound : 50

cm/day
cm/day

cm/day

cm/day

cm/day

900 em/day
4 min/inch

86l cm/day
b mir/inch

Tabie 3.6.2b. HNutrient conbent of water from seven sampling holes in and near
Mound System T,

NO

Sample Mo. Total P Inorganic P Organic P | NE%
and locatilon © ppin Ppm ppé o
1 7.5 .1 7.40 1.1 0
2 9.2 5 8.70 1.9 0
3 8.0 A 7.60 1.5 2.0
L 16.0 .15 9.85 0.6 1.2
5 7.4 .25 7.15 .2 0
) 10.0 .2 9,80 4.8 1.2
7 5.5 .2 9.60 2.0 1.2
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~ PERCOLATION TEST RESULTS IN WHITE SAND
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Results of the State Percolation Test at a depth of 85 cm showed highly vari-
‘able results (Fig. 3.6.2c) due to the presence of the clay layer at varying

depth. A conetant level percolation test in the white sand (Fig. 3.6.2d4), yielded
a high pereolatisn rate (Table 3.6.2a). Moisture retention, porosity and buik |
density data of the pedon are presented in Figures 3.6.2e and f. Microbiologi-
cal data are plotted in a section of the azga (Fﬁg, 3;6"éb) to show the effect

of distance of percolation on the biological properties of the liguid. Anslyses

of nutrients in samples from the same sources are reported in Table 3.6.2b.

3.6.2.3. Discussion

The investigated system differs from the prototype (Fig. 3.6.1a) in that
1) effluent.is not fed into the upper part of a mound, and 2) the mound is not
bullt on top of the soil surface, but on a surface of excavation, and 3) the
Surface.af one end of the 'mound” is not elevated at all but is actually in
a footslﬁpe ﬁositign (Fig. 3.6.2a}. The soil maieriai covéring the tile lines
and gravel bed in the mound is composeﬁ_sf a.very heterogenesus mixture of
material from all soil horizons. The sverage bulk density of the soil £i1l
ig 1.7, and the estimated porosity 41 percent. The upper £4ill portion of the
mound iz not used for percolation of effluvent, but serves to shed some precipi-
tation;to ponfine the gravel séepage bed énd prevent surfacing of fresh effiuvent.
The I1I1IC horiion »f the original soil is very_permeable, and directly underlies
the upslopé half §f the sysfema. Due t; the gbsence of an 2rgenic crusit in this
young system the éffluent can be expected to move rapidly_through the sand;
Pollution of the recreational lake, only 30 meters away, is indicated by the
data in Téblﬁ 3.6.2b. Contents of some nutrients tend to increase with DIoOX-

imity to the lake, as in the case of trends of P and NO, from sampling point 2

3
to points 5 and 6, where the liguid is about to flow into the lake.
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Total coliform counts (i.e. total growing on EMB plat€s) in the groundwater
and iﬁ.a 1ake'watez éamplé were high (lgfiigﬁﬁ as compaléa to drinking water
standards of 1 eoliform 5rganism/m1%. fhz;LEannot be tzken as a direct indicgw
tion that the.coiiform ofganisms in the lake originated from the near-by
septic tank-mound system effiuent fgr two seagons: 1) iﬁ wag shown in all our
samples that the "total coliforms" greatly exceeds the sheen-forming EZ. coli i.e.
slthough the coliform total counts on EMB agar remained about 1oh~105/§$?m,
indicating either organisme of soil origon or survival of non-E.Coli coli?%rms“
Alss nﬁte that nsnmfecél eoliform types e;g. A. aerogenes sp. though found to
comprise about one-half of the number of coliform organisms in fresh human
feces may also be found as part of the natu:ai s0il microflora.

The vertical pefmeability of the mound éysﬁem in the dswnslope half of the
system 18 relatively low due tq the presence of the g}ay layers Just below
the seepage bed (see Fig. 3.6.2a). Lateral seépage over.these layers is to
bgrexpected. However, water samples takeﬁ at point 1 downslope and southesst
of the system, did not indicate the occurrence qf more serious pollution tﬁan
at the ?oints 3 to 6. The system may give problems in the future if clogging
of tﬁe white gand develops and intexfbres.wiuh dowrward movement of_effluEnt,'
The soil may become incapable of handilng all the liguid introduced into the
tile lines. Puture monitoring of the syshtenm will jﬁdicate rate of change in
this regaréc. IDuring the winter season of i9TO~19T1 temperatUIBS'will be

measured in the mound and surrounding soil to assess freezing hazard,

#*
PHS Drirnking Water Standerds, 1962.




Photo 3.6.3 Mound System II. (unfinished).

Effluent seeped through the side of the mound at point S in early June. Air vents (A) are at
the ends of the three tile lines (see diagram of system, Figure 3.6.3a).
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3.6.3. Mound Syst8m IT, on Hﬁmhiid sandy 1oam (over sandstone with impervious
shale layers)

3.6.3.1. Introduction

Construction of this system (Fig. 3.6.3a) was begun in the Spring »f 1970.
The sand mound was still incomplete, was barren of vegetation, (Phots 3.6.3)
and exhibited seepage Trom the sides in June, 1970. The soil type, a Humbixd
gandy loam, wss similar to the soil_at the site of Mound System T. Analytical
date for this Humbird pedon, given in Chapber 3.6.2., applies therefore to
this site. Construction of the mound was sbarted by vemoving all clayey
layers to a dépth of about 3 feet and exﬁasing the highly permeable white
sand. The hole was Tilled with a layer of sand, pit run gravel and coarge
rock (Fig. 3.6.3a). Perforated pipes were laid on a bed of coarse rock from
the septic tank into the mound st a level slightly higher than the original
ssil surface. The whole system was covered with about two feet of coarse
loamy sand. This material has a low porosity, (Fig. 3.6.3¢c) probably as a
resuit of a wide range in particle size. The groundWatef was observed Lo
fluctuate considerably. In early June the level was at 50 cm below the soil
surfaée (i [0 cm below the pipe); in ;aie July the lavel was 150 om below thé
surface (Fig. 3.6.3p). Thé loading rate of the system was estimated to be
450 gallons/day. Samples for micrsbislsgleal and chemical; analyses were
taken ot the locations 1 through 6, in the septic tank and in a water well

near the house on July 30, 1970.

3.6.3.2. Results and discussion
Microbinlogical data for each point of cbservation are presented in a disgranm,
showing a cross-sechion of the area (Fig. 3.6.3b). The counts indicate = marked

decrease in PCA and EMB numbers with increasing distance from the system. AL
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point § levels as 1ow as those at poirt & upslope were determined. The
streptococcus observed in the groundwater at point 6, may have originated from
young cattle and did not percolate from the system. The soil auger used to

meke the holes, may have inﬂroduced organiéms_iﬁ the water from the contaminated

topsoil. Considerable amounts of organic P gnd NO, are present in the ground-

3
water (Table 3.6.3) as was the case in System I. waéver, the content of
srganic P at point 4 is as high as at the 1cwer~lying other points. 1t is
assumed that this high P content is probably not associated with the mound
disposal system. Movement of nitrates from the system is indicated by increases
in contents sf.nitraie down-slope from point 4 o point 1. Content of NHE was
very high in the liguid of the septic tank, where most of the N is in the

form of ammonia because of the anaserobic erviromment. After the owrer has

extended the mound to full size the only other factor that may still interfere

with the proper functioning of thils system may be clogging of the interface

Table 3.6.3, Nutrient content of groundwater, wellwater snd septiec tank effluent.

Total P Inorganic P Organic P NO3 NI,

Sample No. ppm ppm : . Ppm ppm ppm

1 8.0 : .20 7.80 9.2 10.8

2 7.5 .25 7.25 7.8 6.0

3 9.0 20 8.80 3.6 2.4

b 9.k .15 9.25 .6 1.6

5 8.0 _ .30 : 7.70 5.6 1.2

6 0.3 1.0 L T30 5.6 -—-

HWell water 9.0 .25 8.75 2 v
Septic tank liguid 9.2 —_— —_— .9 42.0

betweern the trench and the IVC horizon. The zbsorptive area of the field is
approximately 600 sq. ft. (5hm?), At a loading rate of 450 gallons/day, a

minimum vertical flow rate of 3.3 cm/day is necessary to avoid overloading.
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Photo 3.6.4 Mound System III.

This mound has a flat top. The effluent is pumped into the mound by an electric pump (P).
The air vent (A) marks the limit of the system (see diagram of the system, Figure 3.6.ka).
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No hydrénlic conductivity (K) by crust test is aVailable'yet for the white sand.
ﬁssuming, hoﬁever,_that it is clése.tc'that of the C horigon of the Eiainfield
loamy sand at the Hancock Agricultuial Exﬁerimeht Staﬁion, this flow rate (= K

- when the vertical gradient is unity) would cbrréspond to a-suction beloﬁ the

mound in the IVC horizon of about 20 mb. The test results in the C horizon

of the Plainfield loamy sand near Friendship, Wisconsin (Chapter 3.4) showed

a suction 2f asbout 20 mb around tfenches with crusted Wallé. As long as the
suction is lower than this value, difficulties are not likel.y to oceur. Increasing
the size of the field would help if suctions became higher than £ 20 mb. The

system will be investigated again in:the_nexf season.

3.6.4, Mound System III'oﬁ'Withee silt loam {somewhat poorly'draiﬁéd, with
tight subsoil)

3.6.4.1. Introduction

This system was constructed on a Withee silt loam in the fall of 1966.
This relatively impermeable soil type, extensive in northeentral Wiscoﬁsin,
formed in a.silt loam cover over compact glacial till (see profile description}.
A top view and cross section of the mound are in Fig. 3.6.4a (see alss Fhoto
3.6.4). The mound was zbout 80 em high. A layer of 15 em of coarse gravel
resting on the soil surface was covered with about 60 cm coarse gand and 15 cm
8ilt loam soil over that. The whole mound wés surrounded by & so called "clay
dike", to avoid seepagé through the side of the mound. The tile lines were in
the layer of gravel. Effluvent had to be pumped from the low level of the
outlet in the septlc tank into these lires. It is evident that this systenm,
like the other tﬁo, is not an idegl Mound System (see 3.6.;) because the tile
linee are near the bottom of the mound. Analytical data are given in Section
3.1.3 for the Withee silt loam pedon at the University of Wiseonsin Agricultural
Experimental Station at Marshfield. Physical properties gf the sand £ill in

the mound are in Fig. 3.6.3c. Studies were made in Jure 1970, when the soil
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around the systém was very wet. The water table was found st about 100 cm
velow the surface at a distance of 3m from the mound. Next to the mound, the
water_lével'was at 30 cm; A sample of the liguid in the mound was taken on
July, 30, when the envirommental conditions were quite different. Then,

free water did not accumulgte in an aﬁger hole of 1.50 m depth. The ibading
réte of this system was estimasted to be about 120 gallpns/day. The septic
tank had to be pumped out once during the previous winter because of freezing

problems. MNo other probiEms were reported.

3.6.4.2. Results and discussion

Bouwer double tube itests in the topsoil of the Withee sgeoil were unsuccessiul.
The combination 2f a porous conductive topeoil and g dense impermesble B hori-
zon, led to "boil-outs" in seven attempts. Therefore, large corés were taken,
and K values determined from them. Results (Table 3.6.4.2) indicate that the

Table 3,6.k.2. Hydvauwlic conductivities of soll horizons determined on soil
cores of a Withee silt loam pedon (Mound System IIIY.

Horizon : _ : K (em/day)
Ap in soil next to mound | 320 cm/day
Buried Ap below mound 300 em/day
A2 in soil next to mound T em/day
Buried A2 below mound 3 cm/day

IT BPtg horizon - - 0.3 cm/day

poroﬁs and channeled.topsoil hﬁs a very high conductivity. VEry'low Valu&s
were measure& in the B2 horizons. Reéﬁlts show ciéarly that at least 3C cm
2F relatively permﬁable'soil-is present over the dense, pfactically impermeable
till. K values for a nearby Ap wexe thé same as those of the Ap buried beneath
the mound. The permeadble Ltopsoll is important for conducting liguid laterally

away from the system, providing hydravlic gradients are sufifdciently large.
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The topsoil of theIWithee silt loam at tie Marshfield Station had s lower -
conductivity (Chapter 3.1), because of cbmﬁaetion. Previous 1aﬁd use, that
determires the structure and physical properties of the topsoil, is therefore
a factor to be considered in site evaluation. Additional data, particularly
of the situation in early spfing, is needed before this system can be com-
pletely evaluated.

In a level s5il with sueh impeded drainage, horizontal hydraulic gradients
in the topsoil can be expected to be low. Assuming a suctiorn in the topsoil
of 30 mb, we can make the following calculation. Moisiure retention data
show that about 5% of the soil volume becomes filleé with air when soil mois-
ture suction Increases from O (saturaticn) to 30 mbar {pFl.5). Given an
absorptive area directly below_the mound of 106 m2 and a topscil depth of
3¢ cm, a volume of only 1600 liters (= 400 gallons) could be absorbed by the
soii. Once the SQil_were sgturated, the liguld would have to seep away laterally

and downward. The underlying B horizon (KSa = 3 mm/day) could absorb only

5
about 75 gailons/daya The remaining 50 gallqns would have to mowe laterally.
Saturated K values (varying from 300 cmfday in the.Ai to 3 cm/day iﬁ the A2)
are sufficiently high to allow this, but the hydraulic gradients may be toon
low. As g result, liquid may $ill the mound, which then serves.as,a holding
tank. The Waﬁer_hdlding capaciﬁy of the mound is 7300 gallons, {calculated
by multiplying the CTosS seétional area, 4,56 mg, by thé length, 19 m and by
the porosity, 0.3%), This is a large amount of effluent, equivalent to the
out-put of effluent in a period of over two months.

Further measurements of the hydraﬁlic_conditions at the Site are needed
to determine real flow rates in different seasdns, height of the water_table,
the effects of fieeziﬁg off the soil and of continvous éonding of liguid in

the mound.
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3.6.5. The position of the groundwater below mound systems*

A mound éystem can only function properly when the groundwater (sometimes
stagnant water on top of anrim§ermeable layer) doesg ﬁot rise close to the soil
surface or into the mound itself, due t5 the continuous addition of dowoward
percolating effluent from the mound. Movement of groundwater and the shape
of the water table below the mound are a function of: 1) loading rate,

2} dimensions of both mound and ground waler body,
3) depth of the impermeable layer, ) eonductivity distribution through-
out the mound-groundﬁaber system, and 5) gradients in the groundwater systen.

In mound systems, where 501l boundaries restrict the direction of flow to
an approximastely horizontal directisn in the topsoil, certain approximations,
like the one of Dupuit-Forchheimer (Bouwer, 1970, Childs, 1969), can be
used to describe the flow of groundwater in quantitative terms, PFig. 3.6.5
{from: Bouwer, l9(0) gives a cross section of a recharge basin (that could
pe the bottom 5F a mound) with width W, on top of a homogeneous s0il profile
where the original groundwater was at 6 feet depth. Dué to the gddition of
liguid from the mound, the level of the groundwater is at 2 feet below the sur-~
Tace at the center of the basin. The hydraulic properties of the aguifer can
be expressed in terms of the transmissibility coefficient T ( = hydraulic con~
ductivity x aQuifer height). The transmissibility of the system may not
be the same ag that for the full height of the aguifer hetween watertable
and impermegble layer. Thils is because most of the flow tekes place in the
upper regioﬁ of thé aguifer. Thus 1% is necessarj ﬁo use an effective
transmigsibility 1f the flow system is $5 be £r6ated on the basis of the
horizontal filow assumption. Stéady flow below the watertable oﬁ top of the
B can be described withrthe_Dupuithorchhéimer assumption of horizontal flow

ag Follows:

(1)

-
s
0
3

* ' :
The zuthors are Iindebted to Dr. C. R. Amerman for helpful suggestions.
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where I = infiltretion rate Doy recharge area, x = horizonbal djstance from
centerline »f recharge area, E; effective transmissibilit& of aquﬁfer, h =
neight of groundwater mound above static water table (see Fig. 3.6.5).

I+ x % g {= horizontal flow'rate per uﬁit width across a plane perpendiéuiar
to direction of Flow at distance x from the center of the flow system of

infinite length). Integrating vetween x = C and x = w/2 yields:
hc " by = églﬁfé' (2)

where h = h at ceater of mound {(x =0), n, = h at edge of mound {x = w/2)
W = width of recharge area.

The effective transmissibility (Te)'can.be determined by electrical
an@log procedures when X is known or by determining all factors, except Te
in equation {(2).

Example: In June, 1970 the following values were measured in Mound
System III: hc = 90 cm, he = 70 cm {water table in surrounding soil was
at 10C cm; below the mound at 10 and at the sides at 30 cm below the surface ).
T was estimated at 0.33 cm/day (ldading rgbe = 100 gallons/day, ahgorptive
surface 20 x 6 = 120 me), W = 600 cm. Tt follows T, = Tho .5 cm?/ﬁay. Average
K for the topsoil is 15 cm/day. The effective height of the aquifer,
therefo:e, would be 50 cm, which agrees well with the megsured K values and
the location of the B2tg horizon in thé.profile, Knowing Te for a flow
system, makes possible series of éalculations, varying I, W and hc and he.
The width of the mouhd (W) is a very ilmportant parameter in such calculations,
as.it occurs equared. This points to the éeneral.necessity to puild long,
élongated.mognds rather than short and broad ones,s2 as to Increase 1, with
the other parameters constant, Finally, thé.calculations assume that watexr
can move améy laterally tﬁrough the topsoil around the systeﬁ. Building a

system in a low, concave area will lead to difficulties as liquid accumulates
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without possible drainsge. Mound systems should preferably be constructed
upslope on gentle slopes. Next fieldseason, we will pay special attention to

the groundvater level below and around mound systems.

3.6.6. Discussion and preliminary conclusions
The limited amount of data gvailable suggest that properly constructed
mound systems may be an answer to the provlem of liquid-waste disposal on
sites unsuitsble o1 a conventional buried system. waever, it is to5 early
for & positive conclusion at thié time. Research will be continued, based on
the following propbsitiong tentative sﬁggestions for design, and on the
expérience sbtained in studying these three mounds and several conventiorial
liguild waste disposal systems.
Fig. 3.6.6 shows what a "standard” mound system would be like. The
moisture content in the mound at any time would be the resultant of:
1. Addition of liquid to the mound as:
L.l. effluent pumped from the septic tank;
1.2. rain water or melited smow percolatiﬁg'%hrough the %op and
sides of the mound.
2. Loss of liquid from the mound by:
2.1. flow into and through the undistrubed natursl profile below the
mound
2,2, evaporation at the gurface of the mound;
2.3. transpiration by plants growing on the top and sides of the
mound .
A mound system works well when:
1. The effect of processes of groﬁp 2 exceeds that of processes of category 1.
2. The effluent, moving into the soil as indicated in categofy 2.1, does
not move to the soil surface, into lakes or sfreams or wells, before
harmful microorganisms and excessivg amounts of nutrients have been

atiminatad in the anil
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Item 1.1. The efflvent from the septic tark can bPe the usual untreated
liguid iesulting from a process of anaerbbic digestion, or it can be serated
or chloringted béfore éntering the mound. Aératioﬁ would be advantégeous,'
particularly in marginal systéms like this one, ingofar as it reduces clogging
problems and the duration of the necessgry cleaning tregtment in the soil.
Microbiological Gata are needed to Justify g defjﬁite recomméndation-that the
added cost df installing an agration tréatment facility be congidered seriosusly.
Pumping of effluent into the mound will always be necessary. This introduces
the practical possibility of dosing (as discussed in Chapter 3.2), o reduce
the incidence of anaerobic conditions in the £ill materisgl of the mound. ALl
linegs in a system can be dosed egually or subsystems may be constructed
(see Fig. 3.6.6) such that one of the lineé_cén be closed off temporarily
while the other gets the full load. In this case, the seepage beds for each
line can be.separaﬁed to agvold intexflowg

Finally, the pipes should be well protected ©o avoid freezing in wipter.
One possibility would be to b.ury the pipés and o lea_d them into the mound
from pelow {Fig. 3.6.6). |

Item 1.2, Since the Withee.soil ig a ma:ginal disposer of liguid waste,
any aﬁditiaﬁ of liquid beyond the effluent itself, should be preﬁented.
Infiltration of rain and snow melt water into the mound should be reduced to
a.minimum._ Cévering the mound with plastic would accomplish this but would
alao stop diffusion of air, which is essential for the breakdown of organic
wastes. It is betterj therefore, o give'the top of the mound a cdnvex shape,
to accelerate runoff. A well developed vegestative cover would also help o

reduce this type of infiltrstion through interception and transpiration.



138

Ttem 2.1. The effluent would Tiow from the pipe first into a bed filled
with coarse gravel, then int> about 3 feet of f£ill soil. The upper soil hori-
zon of the natural soil below the £ill ‘may be excavated slightly to eniarge'
the aﬁea of contact of f£ill and soil. The purpose of the 15 cm (6"}~
thick gravel bed is to avoid plugging of fill inmediately around the pipe
and t0 eﬁlazge the area of contact witlk the Fill material.

The choice of Till material i1s an important one. Coarse sands are commonly
used, probably vecause saturgted K values of such maberials gre. very high.
However, a very sharp drop in K occurs wﬁen the £ill materisl becomes ungatur-
ated as a result of crust formation (see Section 3.4). Loamy sand o1 sendy
loam would be s bett_e:r- choice for £ill bécaus‘e although they have lower
Ksaﬁ than sand, they have much_higher Unsaturated K values at the suctions
<f 20 to 40 mbar that may be expected to occur below the gravel bed after
crusts have formed. For example, a san&y loam till (Section 3.2) would be a
better choice than a Plainfield sand {Sec. 3.&; see conductivity curves of
both materials in Section 2.3).

The amount of flow into the £111 and into the s5il below the mound will
be related to the dosing procedure (Section 3_..2), as discussed in Item L.1.
Flow into the slowly permeable subsoil hojizans and, particularly, lateral hori-
zontal flow are very importaht, since thelr magnitude will determine whetﬁer
or. not the fg;r‘oundwa'te:r' will rigze sufficiently to change tThe hydraulic p:rbpe:f -
ties of the flow system. If the water is not removed fast_enoﬁgh, ef{fluent
wiil back up into %he mound and be sﬁored there. This may be useful for short
periods of unususlly high 1oéding or wet soil conditions. ﬁowever, treatment
of the effluvent is based on oxidation of organic compounds in the sewsge as
it occurs during procésses of unsaturated flow. The mound is not meant o

act as a "storage tank”, and 4o uee it as such is t2 misuse it. Flow conditisns
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will bé geverhed_by physical constants (as measﬁred.by crust and clod tests)
and boundary conditions.. The general slape of the area and the location of
the site on the glope wili be ot importanée. Cnly a quantitative analysis of
the phySicél processes involved will yileld reliable results for pfedicting
the future behaviour of any system (see Section &),

ITtem 2.2. The rate of evaporation will primerily be a function of the
weather. Three aspects are important (Rose, 1966):.

1. There must be supply of heat to provide the quite large latent heat
>F vaporization (590 cal g - at 15°C).

2, The vapour pressuie in the overlying air must be maintained at less
than thét alt the evaporating surface, siice evaporstion is zero when there is
no gradient iﬁ Vapour pxeséure. This points, agide from ailr humidity, alss
to the lmportance of mixing action of the wind. Scattered trees in an area
may give rise to turbulent air movemenﬁ, as doeg an elevated.mound_on the
801l surface. |

3. Sufficient water must confinue_to be available for evaporation, this
being = limiting factor under dry cgnditionsf _Hydrauiic properties of 501l
determine this factor. The height of cgpillary rise of liquid in a porous
mediun 1s a function of pore, and therefore, particle size. Rode (1962)
gives the fbllowing simple relationship:' H = l5/r2 Where H = capillary rise
{(cm) and 7 = radius. of capil]..‘lzary (em}, assuming complete wet'ting of the walls
of the capili_aries. For. homogeneosus s.oils the diameter of the capillaries
mey be replaced by the average radius of the oil particles d (ém) 50 that
H ='75/d, Rode coméared his observations with the values, determined much

earlier by Atterberg {1908) for various textures (Table 3.6.6a) and found

satisfactory agreement.
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Table 3.6.6a Particle size and capillary rise.

Paxticle Size '(mm) Max. Capilliary Rise (mm)
_ observed éalculated
5.2 25 o1
-1 65 50
1-0.5 o 131 100
©.5-0.2 2U6 | 210
0.2-0.1 ko8 500
0.1-0.05 1055 1000

0.05-0.02 2000 2100

The formula is not valid for heavy textured soils. This is due to the merging
of films of éarbed water on opposite pore walls, making capillafy rise impos-
sible. The table shows that use of a very fine sand-fill (0.1-0.05 mm) in a
mound, would be unfavorable since all pores would Fill with liguid up to a
height of one meter, leaving no air to be used for purification.of effluent.

A verxy coarée eand would be better from the standpoint >f asration. However,
conductivity values in such materiazls decrease veiy gharply as so2il moisture
tension increases. The effect would be less evaporation. More réliable
conclusions can be reached when hydraulic conductivity (K)_data of differént
soil materials are considered (Section 2.3). At suctions of around 80 abar
(which 1s about the tension of the moisture in the top of the mound when ligquid
is standing at the bottom at 80 em below the top), X values should still amount
to a few mm per day to engble evaporation of a sizable amount of liguld. _The
values in Table 3.6.6b show that only the stony sandy loam and, less so, the
gilt Loam sétisfy this cgndition. Sands sre much less suitable as fill_materials

since conductivity falls down abruptly with increessing soil molsture tension.
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Table 3.6.6b. Hydraulie conducbivity (Klabt 8Omb for four soil materials (Sec. 2.3).

So1l Materials o . x (at B0 mb)
Stony sandy loam (Sec. 3.2) 3 mm/day
Silt loam B2 1 mm/day
Sand {Sec. 3.4) 0.08 mm/day
Clay {Sec. 3.3) '  0.06 mm/day

Amother adﬁantage of the stony sandy loam is dits very hetefogeneous porosity,
congisting of large and fine pores (see frontisplece). 8o in addition o
Pavorable caﬁiliary properties aiso purification of effluent by oxidation
can. occur at the same time (see Section 3.2). Stony sandy loam 5011 mterial
is abundantly évéilahle in the State, where it occurs as extensive glacial
t111 sediments.

Item 2.3. Transpiration of plants may be lmportant Por the rempVai of
liguid from the System. Unfortunately, this mechanism works best in the
growing season of the year, when the other processes of liquild removal are most
active_as well; Table 3«6.6c gives pIEcipitation anq.potential evapotranspirg~

. ‘*>
tion (inches) at Madison, Wisconsin, {Tanner ).

Table 3.6.6c. Precipitation and poﬁehﬁial evaporation in Medlson, Wiscongin.

Month J F M A M Jg - J A 8 0 N D
Precip. {4n) 1.3 1.1 1.8 2.5 3.3 L0 3.3 2.9 4o 2.1 2.3 1.4
P2 (4n) 0.2 0.5 1.3 2.9 k2 54 59 45 3.2 1.8 0.6 0.2

It is estimatéd that transpiratisn of plants can remove about 5 mm of liguid
per day in July, but only 5 mm per month in Tecember. The type of vegetation

is very important for the extraction of soil moisture (Table 3.6.6d).

From lecture notes of Professor C. B. Tamner, Uhlverszty of WlsCDHSIE,
Department of Sodil Sczence, Madison.
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Table 3.6.64. Land use and annusl evapotranspiration (Tanner )

Water - 29-32 inches {evaporation only)
Forest ' 25-30C inches
Alfalfa-brome 22-26 inches
Corn 18-22 inches
_Giain with seeding 18-22 inches.
Rluegrass 15-19 inches

Bare soil 12-18 inches (evaporation only)

Every mound system should be seeded withx deep rooting grasses, and attempts
should be made to grow alfalfa. Shrubs and trees growing on top of mounds

seems to be less désirablg,since their roots may grow into and disrupt tile lines.

However, it would be highly advaﬁtégeoﬁs o grow trees on the soil surrounding
the mound, thus strongly iﬁcreasing the potential lateral flow gway Trom the
system.

The final requirement of g septic system is tﬁat it purify the efflﬁent.
More has to be learned about how this is accomplished, but we may assume that
effinent mugt move downward through unsaturated soil for at least several
feet, then by lateral subswrface movemenit in the groundwater of z few hundred
feet (Bouwer, 1968), Incal hydrological conditions will determine the flow
patteras. OSurface seepage of effluent next to the mound can be gvoided by
covering the lower sides with a clay layer and a sheet of black plastic (Fig.
3.6.6).

5 :
From the lecture notes of Profegsor C. B. Tanmer, Soil Science Department,
Tnivergity of Wisconsin, Madison. '
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L. Evaluation and plans for future work
1. Purﬁoses of this project are:

a,. To develop procedures to monitor ana evaluate current.performénce
of liguid waste disposal sepiic system.

b, To develop procedureé t2 test prospecltive éoils as to their
suitability for on-site liquid waste disposal;

c. Developmeént of design and management criteria foi adequate septic systems
on a wide varlety of soils, including some soils that are dis-
qualified by current test procédures.'

A. MONITORING OFERATING SYSTEMS
The following procedures have been used succéssfuliy in this study to
characterize the actual performahce of a system aﬁ anngiven timg:. |
1. Tensiomeﬁry for measuring soil moisture tenslons aroundﬁseepage beds.
2. Microbiological and cﬁgmical— analyses of ef_fluent in trenches and
percgla‘tes sampled at different distances from the seépgge _'bed;
Discggg;gg In addition éonsidération must be given.to the

level and d;ynamlcs of the ground Wa‘ber in the V101n1ty of a system.

Properties of any system vary within g gpecific range as a functloﬁ

of system management. Monitoring at a certain time givés only one

gtate in such a range. A true quantitative evaluation of all potentigl
propertiés of a_systém can onl& be achieved when measureéments of

Group B are also made. |

B, DETERMINING HYDRAULIC SITE CHARACTERISTICS
Hydrological and_physical prbpgrties of aﬁy soil horizoﬁ to be used for
liquid waste dlsposal can be determined by. |
1. The crust test procedure for measurlng hydraulic eonductivity (X)
of unsaturated soil. The resulting information makes pqssible the

estimation of infiltration rates as a function of crust resistance.




1hk

The Bouwer test for measuring K qf saturated SOil.' This value gives
the maximum infiltration rate. |
The Saran-clod method for messuring moisture retentisn properties,
porosity, bulk density and COIE values. wit__h these .data air con-
tents of the soll can be_aetermined at different suctions.

QE§EE§§EEE: Additional dnformatisn is nec955ary1on twe points:
1. Boundary conditisns of the system (level of the g_rﬁun_d water,
depth to soﬁl norizons in the aquifer,and propertjes of these'horizoﬁs).
2. The relationsghip of biogenic crﬁst development and resistance ﬁo |
expected loading rates, effluent_Quality and air diffuéion_in_the_goii,.
One example studied (Sec. 3.2) showed that after a week high suctions
(8¢ mb) developed below a bed filled with effluent at a depth of 90 cm
in sandy loam till, due to formation of a crust with a high'hydraulic
resistance. Another example (Sec. 3;&)_showed'ﬁ lﬁwef_suctian of_
20 mb telow a system filled with effluent in sand at a depth of 70 cm,
appareﬁtiy because of a less resigtant crust. The'dégreé of erust
development, as a functigﬁ of'ddsing, effluent quality and air 4if-
fusion in tﬁe 5531, will determine the efféctivé percolation rate
of effluen£ ints the soll. Such percolaxisn_is.a piﬁcess;pf'tﬁo
dimensional Tlow, that can be solved analybically for varying
boundary conditions, by using computer grograms. Resulﬁs'of such'ah
analysis will apply to a two dimensioﬁal representative créss sectinn
of a bed. The rext step would be.to design the whqie-(three dimen-

sional) system.
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C. CONSIDERATIONS FPOR SEPTIC SYSTEM CONSTRUCTION AND MANAGEMENT

Size and shape of systems can be determined 5n the basis of aﬁalyses.as
described under B, above. The loading regime and possibly even effluent
guality and gquaniity will have to be manipulgted in such é way that an optimal
crust resistgnce results.  An optimal resistance is defired as being sufficiEntl§
low to enabié significant infiltration of effluent into the soil, but suffici-
ently high to result in bacterislogical purification of effluent within a
distance of a few feet. The problem of chemical poliution needs additional
study. Any optimal crust resistance will result in a certain unsaturated K.
value, as-igdependently determined by the crust test for the same soil horizon.
Dimensions of the system can then be based on this K, with the addition of a
safety margin of possibly 10 percent. This type of gnalysis applies to mound

systems as well as to conventional systems.

2. Proposals for fubture Work
In view of date reported in the literature and of experience in this pro-
jeét'i.n Wﬂsconsin; the following work is proposed for the im.me.diate Tuture:
1. Investigatioh and ﬁonitoring,using methods descr;bed in this report
and a contimiing study of systems already investigated, including mound
- gystems. |
2. Collection of guantitative information in these systeﬁs on crust
resistance as a function of dosing, quality of effluent (ncluding effects
of seration chambers) and air diffusion in the soil. This informa-
tion will be supplemented by results from column studies in the

bacteriology_laboratozy.
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3. Development of a computér program, in cooperation with USDA Agri-
cultural Regearch Service for two dimensional flow around_seepége
trenches as a function of varying boundary conditions, and soil type.
Effect on level of groundwater below and around septic systems by addi-
tions of liquid from them may be incorporated ints such programé,

br can be approximatéd by separate procedures as described in the
iiterature (Dupuit-Forchheimer sssumptions).

I, Continuation of studies of biological purification of effluents
through soil absorption both in soil columns din the laboratory and

in the field (in cooperation with the Tepartment of Bacteriolozy).

5. Collection of more data on chemical pollutisn (Nog’ Cl, and P}
caused by private septic tank éjstems, and explorstion of means to
minimize this danger.

6. Measurement of s0il temperatures around seepage fields and in

mound systems in the winter.
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Appendix 6.1, Profile descriptions and particle size analyses .

PEDON:% Hear Marshiield, (see Section 3. l) and pedon underlying the Mound
System ITI (see Section 3.6.4).

LOCATTION: Marshfield AgrlcuLtural Experlmental Station, Jdle ground near
barn in the swh, SE,*, Sec. 15, T25N, R3E,

DATE OF DESCRIPTION: June 8, 1970.
PROFILE IESCRIBED BY: J. Bouma, W. Walker, D. J. VanRooyen.
PARENT MATERIAL: Ioess over acid glacial till.

PHYSIOGRAPHEY: Gently undulating glacial moraihic landscape, underlain at
about 30 feet by Precambrian crystalline (granitic) rocks.

DRATNAGE CLASS: Somewhat poorly drained.
SLOPE AND ASFECT: O 10 east.

ERCSION: No observable erssion: Soil is protected by present dense vegetative
L eover.

VEGETATIVE COVER: Waste land covered with weeds.
CLASSIETICATION: Aguic Glogsoborglf; fine-loamy, mixed, frigid; Withee silt 1oam.

PEDON DESCRIPTION

Horizon &
Depth (em) : - Qbservations
Ap Very dark grayish brown (10YR 3/2)* when broken, dark brown
0-18 {LOYR L/3) when rubbed; silt Loam; strong fine platy; firm;
common clear discontinuous dark reddish brown (SYR 3/4) ferrans
along planar voids; fine few (2%) rounded black manganese-concretions;
roots tend %o follow vertical cracks into B-horizon; pH U.5; abrupt
and smooth voundary.
A2g Brown (10YR 5/3) when broken and rubbed; silt loam; moderate
18-27 mediun prisms breaking into moderate fine plates; firm; common
faint yellowish red (BYR 5/8) mottles; upper horizon ferrans like
those in the Ap and few prominent vertically elongated motties
"~ glong root channels extend into the Bl; pH %£.5; gradual wavy boundary.
Bl Reddish brown {5YR 5/3) when rubbed and pale brown (1O0YR 6/3 when
27=37 broken; silt loam with pockets ofysilt loam and a few pebbles;

moderate medium prisms breaking intos moderste fine plates, firm;
pH 4.2; gradual wavy boundary.

%
All partlcle size analyses were made by D. J. VanRooyen.



Horizon &

gggth !cm}

1iB2tg
27=50

TIBO2tg
50-63

IIB3g
63~120

C
120+
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Observatisns

Dark brown (7.5Y8 3/3) to grayish brown (10YR 5/2) when broken
and brown (10YR 5/3) when rubbéd; loam with few pebbles; moderate
medium prismatic breaking ints moderate medium plates; Tirm; dis-
conbinuous skeletans evident on larger ped faces; pH %.2; smooth
and gradual boundary.

Dark reddish brown (5TR 3/4) to dark brown (7.5YR L/3) when broken
and yellowish red (SYR 4/8) when rubbed; loam moderate coarse
primsm breaking into moderate medium plgtes; filrm; few faint brown
{7.5YR 5/k) mottles on planar faces; discontinuous skeletans
evident on larger ped facés; pH 4.2; smooth and gradual boundary.

Dark reddish brown (2.5YR j/6)+ when broken; strong brown

{7.5YR :/6)* when rubbed; clay loam with coarse and very coarse
sand pockets; very coarse prismastic structure breaking into weak
coarse plates; pockets with coarse and very coarse sand have wesk
coarse platy structwre; firm; few faint fine light gray (2.5Y T/E)*
mottles along root channels; pH Lk.1l; smooth and gradual boundary.

Reddish brown {5YR 4/6) with mottles of olive gray (2.5YR 5/1)
when broken; sandy clay loam; weak very coarse prismatic; slightly
plastic to sticky; pH 4.3. '

*Munsell color desigﬂations are for moist soil unless stated otherwise.

Tee

*eolor and

e Figure 3.3.3 for location.

notation from the Japanese Standard Soil Color Chart.

Particle size distribution, Withee silt loam.

ves C¢.8., M.8. F.8. V.F.8. (C.8i. M.Si. F.S8i. Clay Total

—cm ——

Ap

A2g

Bl
TIR2ltg
TiB22te
I1B3g

T  1.50 4,90 5.70 1k.90 21.00 24.00 9.00 19,50 100.00
> 1.10 2.8 2.5¢ 1k.10 17.50 27.50 8.50 21.00 100.00
0.6 1.60 5.00 4,70 1k.60 22,00 28.00 10.50 13.00 100.00

0.56 7.80 9.50 9.70 13.50 18.50 7.00 22.50 100.00

Tr 1.40 7.20 7.20 16.70 17.00 19.00 8.00 23.50 100.00

Tt 1.70 8,50 9.0 12.3¢ 16.0¢0 8.50 8.50 29.50 100.00

0.2 2.30 1%.20 13.50 20.50- 11.00 5.00 6.00 19.50 100.00
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PEDON: lear Arlington, Wisconsin (see Section 3.2).

LOCATION: This site is on the U.W. Arlington Agricultural Experiment Station,
about 50 feet east of the fence east »f the house o2n the Poultry
Farm in a cultivated corn field.

DATE OF DESCRIPTION: July 16, 1970 by D. J. VanRooyen and W. Walker.

PARENT MATERIAL: Ioess over a dolomitic gandy losm glacial ti1l.

PHYSTOGRAPHY: Rolling to hilly glacial landscgpe underlain by Ordovician
Prairie du Chien dolomite (limestone).

DRATNAGE CLASS: Well drained.

SLOFE AND ASPECT: About 4% east.

VEGETATIVE COVER: Fleld corn at time of description.

GROUNDWATER: - Not observed within depth of sempling (180 cm).

CLASSIFICATION: Typic Arguidoll; fine silty, mixed, mesié; Saybrook silt loam.

PEDON DESCRIPTTON

Horizon &

Depth (em) ‘Obgervations

Ap ' Very dark brown {10YR 2/2)*, silt loam; weak medium subangular

0=20 blocky; firm; abrupt smosth boundary.

oLt Dark brown (7.5YR 3/3)% when broken and brown (7.5YR 4/3)% when

20=55 rubbed, silt loam; weak medium subangular blocky; firm; gradual,
' smooth boundary.

TIB22t Dark brown (7.5YR 3/4)%, sandy loam; with few pebbles weak coarse

5565 subangular blocky; friable; gradual smoothn boundary.

IIB3t Brown to dark brown (7.5YR 4/4), sandy loam with pebbles; weak

65-85 coarse subangular blocky; very frfiable gradual smooth boundary.

TTC Dark yellowish brown (10YR k/4), sandy losm with pebbles and

>85 bounlders; structurelesgs; loose.

fMoist colors by Munsell Soil CUolor Chart unless otherwise stated.
#* :
Moist colors by Japansse Standard Soil Color Chart.

Particle size distribution, Saybrook silt loam {Chapter 3.2]
VoS ¢.8. M.5. PF.8. V.F.S5. (.81. M.81i. PF.84. C(Clay Total

Ap 0.5 1.5 3.5 4.5 2.5 23.5 34.0 9.5 20,5 100.00
B21t 0.5 1.5 5.0 9.0 4.0 19.5 32.5 10.0 18.0 100.00
IIBe2t 1.5 5.0 1.5 33.5  13.5 8.5 11.0 3.0 9.5 100.00
TIC 1.3 4.0 25,5 2k.7 20.1 13.0 6.0 2.0 5,0 100.00
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PEDON: Nesr Ashland, Wisconsin (see Section 3.3).
DATE OF TESCRIPTICON: Avgust 7, 1970 by J. Bouma and D. J. VanRooyen.
PARENT MATERIAL: Red lacustrire clay; reworked and deposited as glacial ti11.

PHYSIOGRAPHEY: The site is located on a 2% slope of a hilltop in an undulating
landscape. A gulley {1:% slope) is found at 10 m downslope
from the air vent of the drainage bed.

DRATNAGE CLASS: Modérately well drained (which for purposes of ligquid waste
disposal must be translated as "poorly drained").

SLOFE: 1-2% W

VEGETATIVE COVER: Grass. Original vegetation was northern mixed coniferougem-
: hardwaod forest. .

GROUNDWATER: Not observed within the depth of pit (120 cm),

CIASSIFICATION: Typic Eutroboralf, {(Gray Wooded soil) very fime mixed frigid;
- Ontonagon sility clay loam.

Ap Reddish brown {2.5YR 5/4)+ when broken and dull reddish brown
0-1C (2.5TR 5/3)% when rubbed; silty clay loam; moderate fine sub-
' ' angulay blocky; common faint discontinuous skeletans along ped
faces; friable, smooth clear boundary.

A2 Reddish brown {2.5YR 5/k) when broken and rubbed; silty clay

10-18 loam with a few small stones; moderaste medium subangular tlocky;
locally lime deposit of silt sizejskeletans coat surfaces of
larger voids; Ffew faint yellowish red (5YR 5/8) Fe-mottles along
planar volds and root chanrels; friable; gradual wavy boundary.

BL Dark yellowish brown {10YR 4/b) when broken and yellowish brown

18-24 (10YR 5/b4) vhen rubbed; clay loam with some small stones; moderate
nediva prismatic breaking t5 strong medium and firne angular
blocky; few faint skeletans on ped faces; slightly hard; boundary
smooth and gradual.

B21t Reddish brown (2.5YR 4/k) when troken and rubbed; clay with

2h-37 small stones; sbtrong very coarse prismatic breaking to strong
medium prismatic breaking into strong medium angular blocky;
slightly hard; gradual smosth boundary.

BRRL Red (2.5YR 4/6) when rubbed and brokén; clay with pebbles and

37-65 small stones: strong very coarse prismatic bregking to strong
redium prismatic breasking to strong wedium angular blocky with
common Tine {1-3 mm) grayish red {7.5R 6/2)*% CaC0, ~- glasbules;
hard vhen dry and sticky when wet; gradusl and sm%oth boundary -



B3 Red {2.5YR L/6) when broken and rubbed; clay; moderate coarse

65-120 prismatic bregking into modergte medlum angular blocky:; color
changes to weak red (10R 5/4) in the parts of the horizon that
are rich in lime, with common fire {1-3 mm) grayish red (7.5R

6/2)%qca003 - glaebules; hard;'boundary smooth and gradual.
¢ Red {2.5YR k&/6) when broken and rubbed; clay strong coarse prismatic
120+ breaking into strong medium angular blocky. Olive gray (10Y 6/2)

colors along root channels; with CaCO3 glaebules; greenish coatings
along ped faces; slightly hard.

fMoist eslors by the Munsell notstions unless otherwise stated.:
Moist eolors as in the Japanese Standard Soil Color Chart.

Particle size distribution of B3 in Ontonagon clay (Chapter 3.3).
¥og C.5. M.S. F.5. V.F.3. C.81., M.B51i. F.S5i. Clay Total

B3 (em) 0.2 L.h 4.6 5.8 13.0 k.o 12.0 12,5 k6.5 100,00

PEDONS: DNear Hancock and Friendship {see Section 3.4).

LOCATICN: Hancock Experimental Station and private land near Friendship.
DATE OF DESCRIPTION: Sept. 17, 1970 by J. Bouma.

PARENT MATERIAL: Sandy sediments »f glacial outwash and eolian origins.
PHYSIOGRAPHY: The area is nearly level to undulating.

DRATNAGE CILASS; Excessively drained.

SIOPE: 0-1%.

EROSION: No observable erosion, although soil was bare at moment of investi-
gation. '

CLASSIFICATION:; Typic Udipsamment; sandy, mixed, mesicy Plainfield loamy sand.
Ap ' Very dark grayish brown (LOYR 3/2) loamy sand, apedal coherent

10-26 structure resgulting from intergranmular bonds in the s-magbrix;
slightly firm; abrupt and smooth boundary.

B21 ' Strong brown (7.5TR 4/6) sand; structure as in Ap; frisble;
26-62 diffuse and smooth boundary.

nep  Strong brown (7.5YR 5/6) sand; single grain; loose; gradual and
62-86 smooth boundary. .
B3 Strong brown (7.5YR 5/8) sand; single grain; loose; gradual and
86-110 ~ smooth boundary.

C Brownish.yellow {10YR 6/6) sand; single grain; loose.

110+
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Particle size distribution of Plainfield loamy sand. _
v.C.s. C.8. M.S. F.S, V.F.S. C.8i. M.S5i. F.81. Clay Total

100.¢0

Ap 0.5 1k.1 46k 20.8 5.0 1.5 k.0 2.5 5.5
B2 0.9 12.1. k2.0 22.8 6.6 1.5 k.0 1.5 h.5 100,00
B2 0.6 7.5 55.2 28,5 k.3 0 0.5 0.5 3.5 100,00
B3 L.2 12,1 53.7 2k.1° 3.9 0 0 0 2.0 100,00
c 1.8 6.9 34.8 ho.1 5.9 0 0 o 1.5

1.00.00

FEDON: Near Neillsville, (similar to pedon of Mound System 1I) (Sec. 3.6.2 + 3.6.3).
LOCATION: Clark County Wisconsin: E\E-ET, DW%;, Sec. 10, T2LN, R3W 10 meters

west of the mound system and 15 meters north of the house (see

map of area). ' '
CODE: CAT 1
DATE OF DESCRIPTION: June 17, 1970 by J. Bouma, D. J. VanRooyen and W. Walker.
PﬁRENT MATERTAL: Wind blown sandy deposits over weathered, stratified,

o sandstone bedrock. Surface of bedrock estimated to be at
2 m. .

PHYSIOGRAPHY: Gently rolling low lard.
DRATNAGE CLASS: Well drained.
SLOPE AND ASPECT: 2% northwest.
VEGETATIVE COVER: Soil covered 50% by new'grswth of grasses and weeds.

GROUNDWATER: Obeerved in profile pit at a depth of 145 cm below surface.
(see cross section in Chapter 3.6.2).

CLASSIFICATION: Typic Haplorthod, coarse-loamy, mixed, frigld; Humbird sandy

Toam,
Al Black (10YR 1.7/1 )+, sandy loamgapedal; very friable; clear and
0-5 wavy boundary. ' o
a2 Dark brown {7.5YR 3/1) in the upper part of the horirzon grading into

5-11°  brown {T.5YR 5/2) in the lower part, sandy loam; apedal; friable;
clear and smooth boundary. '

B2lhir Yellowish red (5YR L1/6), sandy loam; apedal; friable; gradual snd
11-15 smooth boundary.

B3L Yellowish brown {10YR 5/6), sandy loam; weak fine subangulsr blocky;
20-28  slightly firm; diffuse and smooth boundary.
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B32 Yellowish brown (10YR 5/4), saniy loam; weak flne subangular blocky,
2838  slightly firm; gradual and broken boundary.

IICL Pale olive (5Y-6/3), channery (30%) sandy 'loamj‘ weak fine sub-
38-50  angular blocky; slightly firm; grafual and smooth boundary.

IITC2  From 50 to 100 cm depth there are three distinct interstratified
>50 bands of:

White (5Y 8/2) sand, apedal, single grain; moderately cemented;
brittle; ebrupt smooth boundary. .

Yellowish brown (10YR 5/Lk), sand; similar to white sand in other
properties.

Olive gray (10T 5/2)°, clay bands; apedal, composed of medium
horizontal strata; very plastic, slightly sticky; many distinet
medium strong brown (7.5YR 5/8) iron cutans aleng horizontal
strata; abrupt and smooth boundary.

Below 100 cm there is coarse white sand (5Y 8/2), weakly cemented.
Cementation increases with depth. Unweathered sandstone is
estimated to occur at 2 m depth.

% ' _
Colors sre moist unless otherwise stated.

*eolor and notation from Japanese Standard Soil Color Chart.

REMARKS :

1) There are 20 cm of mixed sandy soil overburden material on top of the
Al horizon, resulting from construction.

2) Top horizons (down to TIC2) vary in texture in the pedon. Vhere the
percent of sand incregses with depth the profile development extends
deeper into the pedon, with the result that the B3 (7.5YR 6/3) extends
to the ZICZ2 in places.

‘Particle slze distribution of Humbird sandy loam (Chapter 3.6.2 and 3.6.3).

Al

A2
Blhir
Bo2hir

B3 '
1110(clay

) 0.
) 0.

V.C.S. C.B. M.5. F.8, V.F.5, C.5i. M.5i. F.5i. Clay total

0.6 9.7 26.1 1k.6 1B.0 8.7 11.5 k.5 7.0 100.00
1.6 13.0 28.5 15.1 20.1 ks 10.0 2.5 5.0 100.00
2.2 11.9 21.5 12.7 16.2 4.0 8.5 6.0 17.0 100.00
2.0  10.k 19.2 12.0 15.0 4.5 11.5 7.5 16.0 100.00
1.8 9.6 22.2 16.7 22.0 4.5 7.5 6.0 10.5 100.00
0.7 8.6 56.2 28.3 h,2 0 0 o} 2,0 100.00
0.7 2.0 3.2 3.6 9.5 b, 1k.0 12.0 51.0 100.0C
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Appendix 6.2, Additional soil physicai.data of previously studied pedons.
Additional soil samples were collected from pedons studied durz‘ng the

previous field season (Boums éjg_ al., 1970). thysical analyses were made

Pollowing procedures .éas described in Section 2.4 of this i’ePort. Results:

are reporie d_. for:

1. Oshkosh clay (Typic BEutrochrept), near Omro, Wisconsin. One virgin and
one cultivated pedon were studied. (Fig. 6.2.1a and Fig. 6.2.1b).

2, Tama silt loam (Typic Az-giﬁdol‘l.), near Pl.attevil,le,' Wisconsin. One
virgin pedon (Fig. 6.2.2a) and one cultivated pedon (Fig. 6.2.2b) were
studied. Bulk density data for both pedons are presented in Fig. 6.2.2¢.

3. Flano silt loam (Typic Argiudoll); near Ma.adisgn, Wisconsin., One culti-

vated pedon was studied (Fig. 6.2.3).
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Moisture retention and porosity data -
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OSHKOSH CLAY (Omro}
-y virgin
€ = cultivated
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soil volume(%)
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to~  TAMA SILTLOAM (Platteville) virgin pedon 5

-

Fig. 6.2.2a

1 Z @F



soil velume(%)

Moisture retention and porosity data
9= TAMA SILT LOAM (Platteville)

cultivated pedon |
- Fig. 6.2.2b
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50il voiume_(%)
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B32

Moisture retention end porosity data.

PLANO SILT LOAM (Madison, mandt farm)
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