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Summary 

S(lil seepage trenches, used f(lr' the disp(lsal (If effluent fr(lm septic 

systems, were studied at nine l(lcati(lns in as many kinds (If s(lils in 1-iisc::m-' 

sin. S(lil moisture tensbns around and bel(lw the trenches were relatively low, 

that is between 10 and 80 mbar, despite the fact that effluent was ponded in 

the trenches a few inches away. Such a c::mditi(ln can (lnly be explained 

physically by assuming the presence (If a hydraulically resistant organic and/(lr 

mineral crust at the klUndary layer :>f trench and surr(lUllding s(lil (Sec. 3.2.5). 

The effect is to decrease the p(ltential head at the interface, thus reducing 

the driving f(lrce and decreasing the liqui.d c(lntent (and c(lrresp::md1.ngly the 

hydraulic conductivity, K) of the s:>1.L The crusts al'e c(lmposed chiefly (If 

:>rganic substances, for~d under anaerobic conditi(lllS. These pr(lducts are 

br:>ken d::>wn, up(ln aerati:>n, and crust resistance is c(lrresp:mdingly reduced. 

On the other hand, mineral crusts f(lr'~d by slaking (If soil :>r' compacti(ln (If 

the bed surface during c:>llStructi.(ln, are (If permanent nature. I.r'reversibly 

ir(lnoocemented mineral. crusts were mt enc:mntered in this study. 

In view (If the fact that effluent usually seeps out (If septic systems 

thr:>ugh unsaturated s(l1.1., a new field test was devel:>ped t:> measure hydraulic 

c(lnductivity (K) (which is the infiltratbn rate when the p(ltenti.al. gradient 

is unity) as a functbn :)f water c(lntent (If unsaturated s:>il. The test was 

based on the use :>f arti.fi.cial crusts (If varyi.ng resistance (Sec. 2.3). The 

resulting data, abng with ~asU!ed p(ltential gradients (Sec. 2.5), made pos·o, 

sible an accm'ate estimati.(ln (If fbw r'ates of effluent fr:>m seepage trenches" 

These values were much bwer than percoJoatbn rates measured wi.th the state 

Perc(llati:>n Test pr:>cedme (Sec., 2.1 and 3.5) and a hydraulic c(lnductivity 

(K) (If saturated soil ab(lve the watertable, as measured with the Bouwer d(luble 

tube apparatus (Sec. 2,,2). Replicate state perc(llatioll test results at 



incUvidual sites had a high c::>efiicient of variability (CV) of 50"/0, caused 

by undefined boundary conditions and by the fal1i.ng head proceduze foUo1;ed 

in the test. C::>efficient of var'iabUity was reduced to 35% (Sec. 3.5.2) by 

ma:! ntaining a c":>nstant level of water of 15 em (6") above the gravel. The 
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better defined Bo~r test had a CV of 25%. Measurements made bY' this test at t:1e same 

l.ocations in summer and in spr'ing did not sh<JW consi.stent significant 

dif"ferences due to seasonal variation in soil conditions. 

The septic seepage fields observed :i.n this study may be char'acterized 

with respect to three classes of" cond:i.ti.ons of soil hori.zons: 

Cl~l S8i1 h":>rizons with saturated··'K values that are too low to accept 

the effluent flowing int":> a system at common 1.8adi.ng rates, :i.rregardl.ess of 

eff"ects of" crusts. The B3 horizons of" the Withee snt loam at Marshfield 

(Sec. 3.1) and of the Ontonag8n sHty loam at Ashland (Sec. 3.3) are examples. 

Consideration may be given to installation of mound or "N8dak" septic systems 

in 8rder t8 el.evate the zone 8f discharge of eff"luent several feet ab8ve such 

58i.l h8riz8n5 8r above high ··standing watertables. The m8und c::msi.sts of man" 

made 8verbuz'den 8f sandy material. Three experimental m8und systems were 

studied in Clark C8unty, W:i.sc8nsin and suggesti.ons are made f8!' improvement 

::>f deSign (Sec. 3.6). 

Class 2 Soil h8r:i.z::>ns with satisfact::>rHy high saturated-K values, but with 

severe crusting pr::>blems ::>n the surfaces ::>f" trenches. The glacial t:i.ll under 

the Saybro::>k snt loam at the P::mltry and Dai.ry farms at Arl:!.ngt::>11 (Sec. 

3,,2) is an example. S::>il mi.sture tensi::>ns in soil beyond str::>ngly developed 

crusts were as high as 80 mb, indicating a reductbn :in inf'iltrati::>n rate into 

the soil ab::>ut 300 times be18w saturated-K values" Ponding::>f" effluent ::>ccurred 

in the trenches. It was f8und, by emptying a trench ::>f" ef"fluent and thereby 

admitting air t::> the crusts f8T' tW8 weeks, that the rate 8f :Lnfiltrati.:::m 8f" 

ef"fluent subsequently intr::>duced was i.ncreased markedly. Intenti::mal applicati::>n 
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-:>f very high l-:>ading rates accelerated p:mding of effluent and, wi.thin a week's 

time reestablished high sucti.ons lU:lUnd 80 mb in the glacial till. Thi.s in­

dicates that the actual. infiltration rate of effluent i.nt-:> the 6-:>il i.s determined 

by the l-:>ading regime -:>1' the septic system. Very low l-:>adi.ng rates -:>r dosing 

-:>1' effluent at higher x ates are necessary f-:>r pr-:>per functbning :Jf such systems. 

~_J. S-:>:I.l h-:>riz-:>ns with high saturated-K values, and wi.th m:Jderate crusting 

that d-:Jes n-:>t reduce infiltration t-:> unar:ceptab1y low level.s. 111e Plai.nf:l.eld 

sand at Friendship (Sec. 3.4.2) is an example. In abs-:>rpti:Jn systems that 

are cl-:>se t-:> the surface in such a p-:>rous s-:>:i1. material, aerati-:>n -:>1' the s-:>i.1 

ar-:>und the abs-:>rptbn bed may be sufficiently hi.gh t-:> -:>bviate t-:>tal anaer-:>bi.c 

c-:>nd:l.tbns. The resulting m-:>derately devel-:>ped crusts represent a steady state 

between accumul.ati-:>n and dec-:>mp-:>sitiCln -:>1' -:>rganic material that all-:>ws 

infi.ltratbn rates t-:> remain at a satisfact-:>ry level. 

The occurrence -:>f unsaturated fl-:>w ar-:>und seepage beds is very fa'l1-:>rable 

f-:>r the disappearance -:>f fecal micr-:>-:>rganisms" The effluent was purified 1.n 

this respect by fl-:>w thr-:>ugh 15 t-:> 60 em -:>f s-:>iL On the -:>ther hand, 

chemical p:Jllution, mai.nl.y by nitrates and ph:Jsphates, persisted tn the so1.1 

ar-:>und s-:>me of the septic systems studied and appears to be difficult to 

eliminate .. 

TIli.s pr-:>gress report defines a number of t-:>pics needing :furtheT' investi­

gation (Sec" 4). 
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1, Int!~~ti2£ 

In the first !ep:Jrt ~n the devel~pment :Jf a field pr~cedure t~ predi,ct 

the m~vement ~f liquid wastes in s~il (Bouma et aJ.., 1970) meth~ds were 

described t~ test hydraul:i.c pr~perties ~f s~ils" Hydraulic c:mductivity (K) 

~f satux'ated s~il was measured (July-N~vember, 1969) with the Bouwer d~uble 

tube apparatus i,n maj~r h~riz::ms ~f seven representat1.ve s::>i1 ped~ns in Wi sc~n­

sin and results were c~mpared with th~se ~f the state Perc~lati~n test pr~cedure. 

~me preliminax'Y experi,ments were made with determinati~n ~f K values ::>f unsat­

urated s::>il h~riz~ns in situ. An :i,nvestigati~n was begun ~f quantitative 

relatbnships between hydraulic pr~perties and s~il m::>rph::>l::>gical features as 

measured under the micr~sc~pe. 

This sec~nd re~rt c~ntains results ~f field and ass~ci,ated lab:Jrat~ry 

w~rk i,n the perbd ~f April thr:Jugh Oct~ber 1970. ~asurements were made at 

eight l~cati:Jns with ~perating septic tank disp~saJ., systems, inc1.uding permeable 

sandy and silty s~il. h~r:iz~ns and als::> slowly permeable ~nes ~ver which experi-' 

mental. m~und systems had been bul.lt. Hydrauli,c c~nditbns were determined by 

applying the newly devebped crust-'test in the fi,el.d. The B~wer d:::>uble tube 

equipment was used t:::> measure the satux'ated hydlaulic c::mductivity (K), and 

perc~latbn rates were determi.ned with the State Ferc~l.ati~n Test pr:::>cedure .. 

Additbnal B~il physical data were ~btained by l.ab~rat~ry analyses :::>f undisturbed 

s:::>i1 cl:::>ds and c::>res. 

Such data are essentj,al f::>r evaluating f'l~w systems ar~und seepage beds 

and f:::>r making reliable predictbns ::>f seepage ~f effluent. However, a study ~f 

liquid waste abs::>rptbn cann~t be restricted t::> hydr::>l::>gic c~nditbns because 

presence ::>r absence ~f path~l::>gj.c ~rganisms ::>r undes:!,rable c~ncentrati::>ns ::>f 

nutrients in perc:::>late must be kn:::>wn. 



Micr::>bbl:Jgical analyses ::>f samples ::>f effluents and ::>f s::>:il h::>riz::>ns 

ar::>und the seepage beds were made by Mr. Wayne Ziebell in the lab::>rat::>ry ::>f 
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the Department ::>f Bacterbl::>gy, under the immediate supervisbn ::>f Dr. EUzabeth 

F. Mc C::>y. In additbn, s::>me analyses ::>f gnundwater samples were made at the 

u. W. 8::>il Testing lab::>rat::>ry t::> determine c::>ntents ::>f Nand p, The purp:lse ::>f 

thi.s study is t::> ::>btain a better understanding ::>f physical and bbbgi.cal 

pr::>cesses ::>ccux-ring in and ar'::>und septic tank seepage beds and t::> apply such 

kn::>wledge in devising reliable test and m::>nl.t::>ring pr::>cedux'es that can c:m­

tri.bute t::> better design and management ::>f s::>il abs::>rpti::>n systems. 



Percolation test constant level (CLPT) 
The waterlevel in the c::mtainer (C) 
as visible in gauge (G), is measured 
frequently t~ m~nit~r rate ~f infil­
trati~n int~ the s~il. The c~nstant 
level ~f water in the h~le is main­
tained by a mariette device, that 
bubbles air (A) int~ the entirely 
cl~sed c~ntainer. 

Percolation test procedu res 

state Percolation test (S PT) 
The water level in the h~le is measured 
with a scale (8) calibrated in inches , 
that is attached t~ a fl~at (F) that 
m~ves up and d~wn with the waterlevel 
in the h~le. The st~vepipe (p) is used 
f~r p~uring water in the h~le and as a 
supp~rt f~r the fl~at. 
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2. Me~, 

2.1. State furce>lati.,:m Test and MCldified Ce>nstant Level furcolatbn Test: 

2.1.1. State Perce>:lation Test 

A ce>mp1ete dsscr'iptbn e>f sHe evaluatie>n and perc01atie>n test pre>cedure 

can be fe>und in the Register e>f the State Be>ard e>f Health, Ne>vember, 1969, 

Ne>. 167, Sectbn H 62.20 (private, d::m!€'stic sewage treatment and dispe>sal 

systems) and in Chapter H65 (subdivisbns ne>t served by public sewers), 

August, 1968. The chapter e>n soil tests and site requirements (Ne>. 2) and 

part e>f the chapter e>!l the se>il absorptie>n system (Ne>. 5) are repre>duced her'e. 

Measurements of the water level in the test he>les fe>r the State Ferce>lation 

Test were made usi.ng a measuring stick with a scale in inches, me>unted e>n 

a fbat that folle>wed the movement e>f the water level in a ste>vepipe 

placed in the hole (Ph:)te> 2 1). Graphs were drawn (see examples in Chapter 

3.5) sh()Wing the d()W!lWsxd =vement of the water level as a functbn e>f time. 

2.1.2. Constant Level furco.lati.e>n Test , 
The perce>latie>n rate, measured with the State furce>1atLm Test, is based 

e>n the rate :)f downward me>vement of the water level in the test he>le i.n specified 

time peri.ods. 'llle varying water level makes the test rather ce>mpli.cated, and 

increases the var'iabili.ty e>f test results (Secti.e>n 3.5). We deCided, there-' 

fe>re, te> ine>dify the test by mai.ntaining the water level in the he>le at a 

ce>nstant level.. Test helles were Similar to the>se used fe>T the State fur ce>l.a-

tbn Test. A marbtte dsvi.ce was used tel maintain a ce>nstant water level in 

the he>le (Fig. 2.1). Water fbwed i.me> the he>le threlugh the plasM.c tube frelm 

an e>therwise sealed 5 galbn ce>ntainer that was me>unted e>n a stake driven inte> 

the se>i1. Outf'l.elW fre>m the container was measUT'ed regulsxly by e>bserving the 

water level in a small external transpar'ent sealed plastic tube ce>nnecting the 
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upper and l~r parts of the container (Thoto 2.1). Graphs (Section 3.5) show 

the cumulative i.nfi.ltration (in rom) in the soil as a function :>f time. A 

discussion of test results is given in Section 3.5. 

CONSTANT LEVEL PERCoLATION TEST 
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(2) SOlL TESTS AND SITE REQUIREMENTS. (a) Soil tests su1Jervision. 
Soil borntg and percolation tests shall be mad-e by or under the direc~ 
tion and control of a master plwnber, or master plumber restricted 
licenseq in WisconsIn to install pnvate sewage disposal systems or an 
engmeer, architect, surveyor or sanitaria'll registered m Wisconsm. 
Certification of the tests shall be signed by the person providing 
superVISIon and contrOl on blank forms furmshed. by the department. 

(b) PeA"colatian and baring tests. The Size and desIgn of each pro­
posed soil absorption system shall be determmed from the results of 
soil percolation tests and soil borings conducted in accordance with 
this section. At least 3 perCOlation tests shall be condUcted with the 
holes loca.te<i uniformly over the area and to the depth of the pro­
posed absorption system. At least 3 soil bormgs Shall be dug to a depth 

at lEast S feet below the bottom of the proposed system. The borings 
3hall be distributed uniformJy in the area of the propos.ed systt>-.m. 

(c) S~ptic tank locat-ion. No tanh:: shall be locat€'d within 5 fcet of 
any building or its appendage, 2 feet of any Jot line, 10 feet of any 
cIstern, 25 feet from any well, reservOir, SWImming pool or the high 
water mtl-rk of any lake, stream; pond or flowage. Where practicable, 
greater distances should be maintained. 

(d) Soil abs017JtiQu site. 1. Location. All soil ab,sorution disnosal 
systems should be located at a llomt lower th.:m the surface grade 
of any nearby wat~r well. 1'he soil absorption systcm shojI be located 
not less than 25 feet from any building, dwelling or cIstern, 50 fo:';et 
from any water well, reservoir or swimmmg pool, 5 feet of any lot 
line. 25 feet of any water service or 50 feet of the high water mark 
of any Jal<e, 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 Installed where the 
average :percolation rate of the 3 tests for the site IS slower than 60 
minutes for water to fall one inch. 

3. Percolatidn 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 slower than 30 
mInutes per inch shall not be mCluded in computing the absorption 
area,. The average of the results shall be used to -determme the 
absorption area. 

4. Flood plam. A soil absorption system shall 'not be installed in a 
1I00d plam. . ! 

5. Slope. The soil absorption system shall be constructed on that 
portion of the Jot which does not exceed the slope here specified for 
the class. In addition, the soil absOl'ption system shaH be located at 
least 20 feet from the top of the slop •. 

Class 
1 ____________________ _ 

2_ 3 _____ _ 

Minutes ReqUIred for' Water to 
Fair One Inch 

Shallow Absorption 
Systems 

Under 3 
3 to 45 

45 to 60 

Deep Absorption 
Systems 

Under 2 
2 to 30 

30 to 60 

Slope 

20% 
15% 
10% 

6. Filled area. A soil absorption system shall not be installed In a 
.filled area unless written approval is receiVed from the department. 

7. Ground water and bedrock. There shall be at least 3 feet of soil 
between the bottom of the soil absorption system and. high ground 
water or bedrock. 

STAT!' BOAHD OF HEALTH Reglster, Ndvember, 1969. No. 167 

(3) PERCOLATION TEST PROCEDURE. (a) Type o.f hole. The hOle shall 
be dug or bored. It shall have vertical sides and have a horizontal 
dimenslOn of 4 to 12 inches. 

(b) Preparation 0/ hole. The bottom and sides of the hole shall 
be carefully scratched with a sharp pointed instrument to expose the 
natural soil interface. All loose material shall be removed fl'om the 

bottom of the hole whiCh shall then be covered with 2 inches of coarse 
sand or gravel when necessary to prevent scourmg. 

(c) Test procedure, sandy soils. For tests m sandy soils containing 
little or no clay, the hole shall be carefully filled with clear water to 
a mInImUm depth of 12 mches over the gravel and the time for this 
amount of water to seep away shall be determmed. The procedure 
shall be repeated and if the water from the second filling of the hole 
at least 12 mches above the gravel seeps away in 10 mmutes or less, 
the test may proceed Immediately as follows: Water shall be added I 

to a paint not more than 6 inches above the gravel. Thereupon: from 
a fixed reference pomt, water levels shall be measured at lO-minute 
intervals for a period of one hour. If 6 mches of water seeps away 
III less than 10 minutes, a shorter mterval betw-een measurements 
shall be used, but in no case shall the water depth exceed 6 inches. 
The final water level drop shall be used to calculate the percolation 
rate. Soils not meeting the above reqUirements shall be tested as in 
subsection (d) below. 

(d) Test proceduTe, other soils. The hole shall be carefully filled 
with clear water and a minimum water depth of 12 inches shall be 
maintamed above the gravel for a 4-hour perIOd by refilling when~ 
ever neeessary or by use of an automatic Siphon. Water remaining 
m the hole after 4 hours shall not be removed. The soil shall be; 
allowed to swell not less than 16 hours or more than 30 hours. Imme_ , 
diately followmg the soil swelling period, the percolation rate meas- i 

urements shall be made as follows: Any soil which has sloughed into :, 
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 3D-minute intervals for a perIOd of 4 hours 
unless 2 successive water level drops do not vary by more than r'!r of 
an inch. The hole shall be filled with clear water to a point not more, 
than 6 inches above the gravel whenever it becomes nearly' empty. 
Adjustment of the water level shall not be made during the last 3 
measurement periods except to the limits of the last measured water 
level drop. When the first 6 Inches of water seeps away in 'less than I 

30 minutes. the time mterval between measurements shan be 10 mIn­
utes and the test run for one hour. The water depth shall not exceed I 

6 inches at any time during the measurement period. The drop, that 
occurs durmg the final measurement period shall be used in calcu­
lating the percolation rate. 

(e) Verification. 1. PhYSICal charactenstics. Depth to hig,h ground 
water and bedrock, ground slope and percolation test results shall be 
subject to verification by the department. Verification of high ground I 
water shall inclnde, but not be limited to, a morphologICal study of 
soil conditions with particular reference to soil color and seQuence 
of hOl"izons. 

2. Filling. Where the natural soH condition has been altered by 
filling or other attempts to improve wet areas, verification may re­
nuire observation of high ground water levels under saturated soil 
conditions. 

00 



(5) SOIL ABSORPTION SYSTEM. (a) Disposal of tank effluent. The 
effiuEnt fI'om septic tanks shall be disposed of by soil absorption 
systems 01' by such other manner approved by the department, 

(b) Sizing-/I'esidential. The area required f'ol' a soil absorption 
system serving residential property shall be determined from the 
following table using soil peicolation test data: 

Minimum Absorption Area in Square Feet Per Bedroom 
Percolation Rate 

Minutes Required for 
Water to Fall One Inch Normal 

Plumbing 
Fixtures 

With 
Garbage 
Grinder 

With Both 
With Grinder and 

Automatie Automatic 
Washer Washer 

-----··-·-·1----1----1----1--·--
Less than 3 __ .. __ .. _ 

3 to 10 ___________ ._. ______ . __ 
10 to 30. __ " ________________ _ 
30 to 45 ____________________ _ 
45 to 60_ 

50 
100 
150 
180 
200 

S5 
120 
180 
215 
240 

75 
135 
205 
245 
275 

85 
165 
250 
300 
330 

(c) Sizing-Othe'l'" The r'equired area for a soil absoIptiO'n system 
serving installations othel than residential property shall equal the 
absorption al'ea specified :for normal plumbing fixtures according to 
the percolation test l'esults multiplied by the applicable unit specified 
in column 2, multiplied by the applicable factor in column 3 of the 
following table: 

Column 1 

Building Classification 

Apartment buildings _______________ _ 
Assembly ball-no kitchen ____________________ _ 
Bar and cocktaillounge _____________________ _ 
Bowling alley ~ ___ .. ~~ _" _. ________ . _________ ,. _ •.. 
Bowling alley with baL __________ _ 
Camps, day use only_,_ ... ______ ~ ______________ _ 
Camps, day and night _______________ , ________ _ 
Camp ground and camping resort ____________ _ 
Church-no kitchen ______________________ , __ _ 
Church-with kitchen___ _ __________________ _ 
Dance baIL___ _ __ ___ ___ __ _ __ _ _ _ _________ ~ 
Dining hall-kitchen and toileL _______________ _ 

~~!':!inru;.!!;ta~~~~_ ~~~~ -_ ~ ~~ =~. ~ = ~ ~ ~ == = = = ----Drive-in theater _____________________ . ______ _ 
Factories, office buildings, exclusive of indust.rial waste ____ .. ______________________________ _ 
Hotels or- motels and tourist rooming hoUBes __ _ HospitaL __________________ , .. ______________ _ 

:~~i~~t~~~r p~~k~~e~_t~~~~_a_t~l_ ~~~~= = = = = = = I 
Nursing and rest homes _____ .. _______________ _ 
Parks-toilet waste only ____ . ___ . ___________ _ 
Parks------showers and toilets ______________ .. ___ .. 
Restaurant-kitchen and toilet ___ _ 
Retail store __ ... ___ ~ '". _____________ . _________ _ 
Retail store _________________________________ _ 
Self-service laundry-toilet wastes only ___ _ 
Service station ________ '" ___________ .. __ . _____ _ 
Swimming pool bath house_____ _ ________ _ 
School-no meals, no showers ____ _ 
School---meuls Ilerved or showers ____________ _ 
Scbool-meals and showers __ . 

Column 2 

Units 

1 per bedroom ________ _ 
1 per person_. ________ . __ 
1 per patron space_,. ________ .. 
1 pel' bowling laDe~_.~. _____ _ 
1 per bowling lane __________ _ 
1 per person ______ . _______ , __ 
1 p~ person _______________ _ 
1 per campingspace ________ _ 
1 per person .. ____________ ._ 
1 per person ________________ _ 
1 per pernon _______________ _ 
j per mealseI'Ved ________ ~ __ .. 
1 per meal served ______ , _____ _ 
1 per car space ___ .. _________ _ 
1 per car space ________ . _~~,. 

1 per person ______________ _ 
1 per room ____ " ___________ _ 
1 per bed space ________ . ____ _ 
1 per employee _____________ _ 
1 per mobile home site ______ _ 
1 per bed space _______ . ____ _ 
1 per acre ________ _ 
1 per acre ________________ _ 
1 per seating space _________ _ 
1 per employee ______ .. __ • ___ _ 
1 per customer _____________ _ 
1 per machine ______________ _ 
1 per car served~ ____ .. ___ ~ __ _ 
1 per person ___ .. ____________ _ 
1 per classroom __ . -. _____ ., __ _ 
I per' classroom ___ . ____ _ 
1 per classroom ____ _ 

Column 3 

Factor 

1.0 
0.02 
0,2 
2.5 
4,5 
0,2 
0.45 
0,' 
0.04 
0.09 
0.06 
0,2 
0,1 
0,6 
0.1 

0.4 
0,' 
2,0 
0.25 
2.0 
1.0 
4,0 
8.0 
O.S 
0.4 
0.03 
1.0 
0,15 
0,2 
5,0 
S,7 
80 
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2.2. The B::JUwer D::mble Tube Meth::>d 

This test has been described earlier (fuuma ~. al .. , 1970). The calcu1a-' 

ti::>n <)1' K values, acc::>rding t::> the pr::>cedure <)utlined by B::>uwer (1961), may 

be difficult because ::>1' the rather inaccurate pr::>ceduIe ::>1' ext1'ap::>latj::>n (see 
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Fig. 2.2.1). Pr::>bl.ems can be reduced when the t::>ta1 dr::>p H::>f the water level 

in the inner tube standpi.pe (ITS) is varied 1'::>1' different measurements, s::> as 

t::> create a difference between the equal level and arS'-full times ::>f 

approximately 8 sec.. F::>r example, j.n 6::>1.1S wi th a high infilt1'ati::>n, it 

may be necessary t:l extend the measurement t::> H = 80 cm, instead :If the usual. 

40 cm. Baumgart (1967) made a study ::>f the fuuwer meth::>d and suggests a s::>me-' 

what m:ldified p2'::>cedure ::>f calcu1ati:ln, that is based ::>n the fuuwer calcul.ati::>n 

with an available Hb value. 

Hb is the difference in cm between the t::>p :If the ::>uter' tube standpi.pe 

(ars) and the water .level at balanced fl::>w c:lnditi::>ns, when Q,r = ~, where 

~ is the f1::>w leavi.ng thr ::>ugh the b::>tt<)m :If the i.nner tube due t::> intake and 

~ = fi::>w, entering thr::mgh the b::>tt::>m ::>f the inner tube due t::> a d:i.fference 

H between the water leve.I.s in inner and ::>uter tube. llien: 

(fuuwe1', 1961) 

where Rv = radius ::>1' inner tube standpipe, Rc = radius <)1' inner tube ,Ff = 

fi::>;, fact:lr, t '" elapsed time, H = di.stance ::>1' water level in the inner tube 

bel::n; water level in the :lute I' tube Hb = H at balanced f'1::>w. This equat:bn 

can :ln1y be applied when Hb can be measur·ed.. M::>stly thi.s is n::>t the case and 

then the arS-full and equal-level measurements are made (B::>uwer, 1961.). 

Baumgart (1967) suggests that this f::>rmula be used in all cases, and t::> estimate 

Hb values untn the p1::>tted values ::>1' t and l::>g H::>-'Hb/~-Hb are ::>n a strai.ght 

line.. Vlith s::>me pr act ice thi.s can be d::>ne rather easi.1y and quickly (see 
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Fig. 2.2.2, fr?m: Baumgart, 1967). K values calcul.ated by this pr?cedure 

c?IDpared weU, with th?se, ?btained w:i.th the arS-full-equal. level pr?cedure. 

We will apply th:i.s calculation meth:>d in future measurements, because it saves 

time and is appl:i.cab.le t:> any type ?f test result. 



2 .. 3.. Field measurement 'jf unsaturated hydraulic c'jnductivi.ty by infiltrat:i':ln 

thr'jugh artificial crusts 

2 . .3.1. Intr':lducM.'jn 

The s'jluti'jn 'jf many pr'jblems ass'jciated wi.th s'jil water fl'jw depends 

up'jn kmw1edge 'jf the hydraulic c'jnductivity, K. As yet ther'e appears t'j be 

n'j universally reliable way t'j 'jbtain K fr::>m more fundamental physical 

measurements such as particle···si.ze ::>r p::>re···size distributi::>n. Hence K must 

generally be measured experimental.l.y .. 

Of the numer::>us methods wM.ch have been pr'jp'jsed f'jr tM.s measurement 

(Klute, 1965a, b; fuersma, 1965a, b), the 1:£ situ meth'jds must be regarded 

as inherently pr~ferab1e as they are m'jre directly appli.cable t'j the s'jlu·· 

ti'jn 'jf field pI'::>blems.. SaM.sfact'jry pr'jcedures are n'jW available f'jr the 

1:£ ~itu measurement ::>f hydraul ic c'jnducti.vity under saturated c::>ndi.M ems 

(K t)' b'jth bel'jw and ab'jve the water table (B'juwer, 1962). H::>wever, in 
sa 

many cases the f"l'jw regimen i.s such that the s'j11 is unsaturated. In the 

presence 'jf" an impeding layer at the surface 'jr in the presence 'jf Very l'jw 

precipitati::>n rates, the soil profile may never bec'jme saturated during 

infiltrati::m, and the fl':lW rate will. be g'jverned by the s::>U' s unsaturated 

hydraulic c'jnductivity which is, itself, a functi::>n 'jf" the matric sucti::>n 

prevalent in the s'ji.l" 

Pr'jcesses of infiltrati'jn int'j crust··capped pr'jfiles were recently 

studied by Hillel and Gardner (1969, 1970a). They rep'jrted that an impedi.ng 

layer 'jr crust at the t::>p 'jf" an infiltrating pr::>fi.le causes a potenti.al head 

l'jss at that p'jint. Thus, if water head 'jvex- the crust is kept smal.l, it is 

p::Jssible t'j maintain inf"iltrati'jn int'j an unsaturated c'j1umn yet retain the 

experimental advantages 'jf easily measured infl'jw rate aff'jrded by a fl'j'jd 
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infiltr'jmeter. This fi.nding f::>rmed the basis 'jf a pr'jposed meth'jd f'jx· measuring 



the unsaturated hydraulic c::mductivity at d:!.f'ferent sucti::m and water·-c::mtent 

values, whl.ch Hillel and Gardner (l9TOb) checked with artif'iciallY"'packed 

lab::>rat::>ry c::>lumns, but n:>t i.n the f'ield. 

This sect. descT ibes the results ::>f' trials designed t::> test the 

applicability ::>f' this meth::>d i.n the f'ield. 

2.3.2. Meth::>ds 
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The meth::>d described by Hillel and Gardner f'::>r measuring the hydraulic 

transmissi::>n pr::>perties ::>f a pr::>file, as a functi::>n of water c::>ntent ::>r suction, 

involves a series of i.nfUtrati.::>n trials thr::>ugh capping p.lates (or crusts) of 

different hydraulic resistances, The effect of' this resistance i.s t:> prevent 

saturatbn at the subcrust b::>undary even though the crust itself is subject 

to a small p::>siti.ve head. Though estimates ::>f K and D (the diffusivity) can 

be ::>btained during the transient stage ::>f i.nfiltrati.on, the m::>st reli.able 

measurements are ::>btained by allowing the i.nfi.ltratbn pr::>cess to proceed to 

a steady state, when the flux becomes equa.l to the conductivity" The use of 

a seri.es ::>f crusts of' progressively lower resistance can give progressivel.y 

higher K-,values c::>rresp::>nding t::> higher water c::>ntents up t::> saturati::>n. Such 

a series ::>f tests can be carrl.ed ::mt if' the s::>11 is initially fairly dry, 

either successively in the same l::>cati::m or c::>ncurrently ::>n adjacent 

l::>cati::>ns. 

The sUI'face impedance can be appli.ed either by means of' a p::>r::>us plate 

(e.g", ceramic) ::>r by f::>rming a c:mtinuous layer ::>f puddled (slaked or com'" 

pacted) s:>11. material ::>ver the s::>il surface. Once this :l.ayer i.s established, 

water is applied (e.g", in a ring i.nfiltrometer) and a smal.l, constant head 

is maintained ::>ver the s::>i.1 surface long enough f'::>r the infbw rate t::> bec::>me 

steady. This f1::>w rate is equal t::> the c:mductivity in a one-'dimensional 



fbw system where the suction gradient below the crust is negligi.bly small 

(Le. the hydraulic gradient tends t:> unity). 

Tensiometric measurements ::m c::>lumns of different depth shawedthat in 

order to obtain a one-dimensional vertical. fiow system i.t was necessa:ry to 

create an impervious boundary around a column at least 30 cm deep. A steel­

cylinder was used at the top of the column t::> support the small head of water 

::>vel' the crust, to pr::>vide a rigid sealing surface for the edges of the crust 

and to provide a gui.de for posi.ti::>ning tensiometers below the crust. Below 

the cyHnder an aluminum foil moi.sture barrier suff:i.ced, si.nce saturated flow 

would not occur. Use of the foil al.so made the method applicabl.e to stony 

soil. Hydraulic conductivity val,ues were calculated from infiltratj,on rates 

into capped c::>l,umns and soH suction gradients below the crusts, i.f any. 

2.3.3. Procedure s 

Tests were made at several sites i.n Wi,sconsi.n. The soils ranged i,n 

texture from sand to clay. At each site, a horizontal plane was prepared by 

using a putty knife and a carpenter I s level.. A cylindrical column of soil, 
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at least 30 cm high, with a diameter of 25 cm, was carved out fr::>m the test 

level downward, taking care to chi,p or piCk the soil away fr::>m the column as 

the desired b::lUndary was approached, so as to prevent undue disturbance of the 

column Itself (Eh::>t::> 2.3.3a). A ring i.nfiltrometer, 25 cm in diameter and 

10 cm high, was fitted ::m top ::>f the c::>lumn (PJwt::> 2.3.3b). The si,des of the 

c::>lumn were then sealed with aluminum foil and s::>11. was packed ar::>und it 

2.3.3d). An acryli.c plasti,c c::>ver with a thin rubber gasket glued t::> it 

was b::>lted to the t::>p ::>f the infiltrometer. An intake p::>rt and bleeder 

valve were pr::>vi.ded in the cover( Fh::>t::> 2.3. 3d) . 



Fh~t~ 2.3.3a Cylindrical cJlumn Jf sJil, 30 cm hieh and with a diameter Jf 

25 cm, carved ~ut fr~m the test level d~wnward in situ. 

PhJtJ 2.3.3c Sides ~f the cJlumn 

sealed with aluminum fJil. 

Ph~t~ 2.3.3b A ring infiltr~meter, 25 cm in diameter, and 10 cm high, placed 
~n t~p J f the cJlumn and extending 2 cm abJve the s~il surface. 



Field measurement ~f unsaturated K in natural s~il h~riz~ns . 

Infl::m intc) the s~il thrC)ugh the crust is measured with a b"Llrette d. FIEr.2.3.3 . 

(B) dischargine; i ntc) the ,,'ater filled space bet,·]een the crust 

and the acr;-;rlic plastic cC)ver ( C) . SC)il mC)isture tensi:)DS 

derive d fr~m the l'1.ercury rise in 1/8" plastic t'ubes alC) 'C[,; cali-

brated scales (8) , are measurecl at thTee pC)ints i n t~'le c::>llL11n . 



Preparati8n 8f s8il c8llli~n . 

The c8h'-''l11, "lith a rine infiltr8f;'eter (R) 8n t8P, ,-laS sealed 

with alu'l1i::1l'.li1 f:->il (F) . Te:'1Si8r.:eters (T) are p:)sitiT:ecl in the 

c81nmn bel:)':l the Crlcst in h81es, pl'eparec'l. ·\<Iith a sr.~all enr;el' (A), 

using an extern2.l cui(e (G). Sv.ccessive cr11sts \lill be applied 

8n t8P :)f tIle s8il c') l nmn (C) . 

FI6.2..3.3 .e 



Ph~t~ 2.3.3f View ~f the t~p ~f a 6~il c~lumn, like that in Figure 2.3.3c, 
~ver the surface ~f which a "crust" has been spread with the 
putty knife. "Crust" materials are prepared f~r spreading by 
wetting and kneading samples taken fr~m a variety ~f s~il 
h~riz~ns t~ a h~m~gene~us thick paste. 



Thin penci.l-size merclly··type tensbmeters were placed just below the 

crust in the center ::Jf the c::J1umn and '3 cm deeper, b::Jth in the center and 
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near the periphery ::Jf the c::Jlumn. Caref'ull.y p::Jsitbned h::Jles in the steel 

infiltr::>meter ring and external i.nstallatbn guides aided in p::Js:i.ti.:mi.ng the 

tensi::Jmeters (Hwt::> 2. '3 •. 3e). Crusts were f::Jrmed by wetting and kneading ::Jr 

stirring vari.::Jus s::Ji.1 materi.als t::J a h::Jm::Jgene::Jus thi.ck paste, which 'Was spread 

evenly ::>ver the 8::Jn surface ins1.de the infHtr::Jmeter (Fh::Jto 2.3.3f). Special 

care was taken to seal the crust t::J the wall. ::Jf the cylinder t::J aV::Ji.d b::Jundary 

fl.::Jw. Crusts::Jf this type were applied t::J the same c::Jlumn i.n several thi.ck··· 

!Jesses for succeeding runs. Each inf:iltrati.::Jn run thr::Jugh a particular 

crust yielded ::JOO p::Jint ::Jf a curve ::Jf hydraul.ic c::Jnducti.vi.ty versus s::J1.1 

sucti.::Jn (Fig. 2.3.4). The small space between the crust surface and the c::Jver 

::Jf the cyl1.nder 'Was kept full ::Jf water. A Mari:Jtte device, in a burette, main'·' 

taiood s c::Jnstant pressur.: ::Jf ab::Jut '3 min water ::Jver the crust (Ph::Jb 2.'3..:3d). 

The infiltratbn rate int::J the s::>il, c::>rresp::>nding t::J the rate ::Jf m::Jvement :Jf 

the water level in the burette, was rec:Jrded as s:J::Jn as the tensi::Jmeters 

sh"'WSd that equilibr:i.um had been reached. Thi.s infiltrati:Jn rate, when c::Jnstant 

f:Jr a peri::>d ::Jf at least 4 h:Jurs, was taken t::J be the unsatur'ated K··val ue at 

the subcrust sucti:Jn, when the sucti.::Jn gradient was zer::J. In s::Jme cases a 

sucti:Jn gradient rema:i.ned at steady state c:Jnditi.::>ns, Hydrau1i,c c::>nductivity 

was then calculated accClrd:i.ng t::J: K = vii, where v = infiltratbn rate and 

1 = hydraul 1c gradient bebw the crust (in such a case f 1). 

2.3.4. Results 

F1.gure 2.3.4. gives the hydraulic c::Jnduct1vity versus suctbn curves f::Jr 

S::Jm;, h::Jriz:Jns ::Jf f::Jur s::J11s. These curves c::Ju1d be extended farther into the 

dry range, but this 'W::Juld take m:Jre time and requ:i.res that the soil be :i.niti,al.ly 

qu:i.te dry. The hydraulic c::Jnductivity values f::Jr satur ated s::Jil, measured 

wi.th the B::Juwer Double Tube appar'atus cClrresp::Jnded well with infi.ltr·atbn rates 
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int~ these c:>lumns bef':>re crusts were added. One c:>l.umn was :>f' glacial till., 

c~ntaining many st:>nes that made use ~f' the Bouwer tubes imp~ssible .. 

The data indicate that hyihauli.c c~nductiv:i.ty decreases sharply with 
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increasing s:>il m:>istur'e tensi~n. This is most evident in s~j]. materials with 

c~arse p:>res (B3 Plainfield sand) and less s:> in f'ine p:>r:>us clays (B3 Ontonag:>n), 

in which saturated c:>nducti.vity isbw. These results are imp:>rtant f':>r the 

study of' liquid waste disp:>sal in s:>ils. Measurement:>f' s~il m~isture tensi~ns 

ar~und seepage beds ~f' ~perating systems (Sectbn 3) indicated the ~ccurrence 

~f' c~nsiderable s~i.l misture tensbns. M:Jvement ~f' liquid, theref'~re, is 

g~verned by pr~cesses ~f' unsatur'ated f'l~w. A quantitati.ve analysis ~f' the f'l~w 

system can ~nly be given when relevant K values, as measured with this new 

test, are avai.labl.e. 

2 .. 4. S~il physi.cal characteristics determined f'r~m saran c:>ated cl~ds 

2.4.1. M:th:>ds 

The meth~d t~ determine s:>il physical characteristics f'r:>m large cbds, 

using saran resi.n as a c~ating material was intr~duced by Brasher ~!. ~l:., 

(1968). Cbds sh::lUld at least have a v~lume :>f' 100 cm'3, but pref'erably m:>re 

thRn that. They sh~uld represent the s:>il structure f'r:>m the sampled h~rj,z~n. 

In general, ab:>ut 20 elementary units :>f' structure sh::lU.ld be represented in 

any cl:>d sample.. A medium sized bl:>cky structure, with ped v~lume ~f' 1 cm.3 

sh:>uld be represented by a cl:>d v~lume :>f' at least 20 cm3. In c:>ar'se prismatic 

structure this guide d:>es n~t w:>rk, since individual peds may have v:>lumes 

~f' 150 cm3 ~r m~re. It sh:>uld be clearly stated when values are determined 

f'~r single peds, like these. The meth~d c~nsists ~f' the f'~11:>wing stages: 

1.. A weighed ai.r dry cl::>d is c:>ated with Saran; and sl~ly saturated with 

watsr thr:>ugh ~ne f'lattened side ~f the cl~d where the coating has been 

temp:>rar'i.ly rem~ved, 
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2. A:f'ter saturati:m, the :lpen side :If the c1:xl is c::>ated again with 

Sax'an and weight and v:llume :If the cbd are determined. 

,3. The coating on the flattened side is removed again, and the clod is 

placed in a pressure apparatus t:l !'leterm:!ne water contents and S:li.l 

v::>lume at d:!,fferent pressures. J\:f'ter equi,librium has been reached at a 

given pressure, the cl::>d is c::>ated agai,n at the n,attened side, and weight 

and v::>1ume are determined. It is essential n:ltb l::>::>se any s::>11 fr:lm 

the cl:xl during this pr':lcedure, si,nce th:!s w::>u1d ,lead t:l err:lne:lUS results. 

A:f'ter determini,ng m:li,sture c::>ntents and v:llumes ::>f cl:lds f:lr a range ::>f 

pressures (usuaHy 0.03b, O.lb, 0.3b, Ib and 15b), the dod is dr:!,ed at 

:l 105 C. Then all values are available t:l calculate bulk densit:!,es, 

p::>r::>si,ties at different sucti:lns, and the moisture retenti:ln curve. 

2.4.2. Calculati:m::>f bulk density values and associated soU physi,ca1 

values fr::>m neasux'enents on Sal'an"coated cl:lds. 

Ex~: Cbd f'r:lm C-hOli,z:ln of Maxic::> silt l:lam, calculations for 1 bar 

sucti,on onl,y. 

Basic data: 

Air dry we :l,ght of clod: 55. '30 gr. 

C:lated with Saran: 57.90 gr. 

Weight of coats: 2.60 gr. =1..73 cc (Spec. dens. Saran = 1..50) 

At 1 bar equU1brium: 57.10 gr. 

Volume ::>f cbd (+ plastic): 30.50 cc (d:l,fference between we:l,ght :If beaker with 

water ~ t::>tal, weight when cbd is suspended 

in the beaker). 

After drying cbd + plastic at l05:lC for :lne day: wei,ght = 47.40 gr. 

V:llume = 27.9 cc. 



CaJ.culati~n 1: Detennine bulk density of the soH at 1 bar (bulk density = 

gr/cm3 of natural. soil). Since B.D. :Jf s:Jil is required, the 

plastic has to be excluded. Volume of soil at 1 b = 30 .50 -
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1..7.3 = 28.77 cc. fue weight elf 57.10 gr. is c:l!l1pelsed elf water, 

plastic and Seli1. After drying at 105elC, weight = 47.40 g:r. 

(= soil + plastic). Frelm a separate experiment jt was learned 

that the Saran plastic belses 25"/0 elf its weight when heated 

for 24 hrs .. at l05elC. 8elH weight only, therefel:re, is 47.40 -

(0.75 x 2 .. 60) = 45.45 gr. fuis is an imp:Jrtant value, frelm 

which bulk densities at di.fferent m:Ji.sture contents are derived 

B.D. at 1 bar is: 45.45 
28.77 = 1.58. 

Calcu1atbn 2: Determine percentage of m:Jisture (in % elf dry wei.ght and v:)lume) 

at 1 bar, 8telve-'dry seli.l wei.ght was 45.45 gr. We need t:J knClW 

mw the weight elf the melisture eln1y at 1 bar. 8Q11 + plastic + 

water = 57 .. 10 gr'. 8elil + ,Tater = 57.10 - 2.60 = 54.50 gr. 

M i t <i "h (24~- 45.45) '1 <i rd el .s ure I" elf dry we~g t = -~.45 'x .0°1, = 19')'";0' 

M:Jisture % by vellume = % elf dry weight x B.D. = 19.9 x 1.58 = 

CaJ.culatieln J.: Determine PQrelsity (= Vell. % :Jf selil elccupied by the neln-selli.d 

Selli phase).. Calc. 2 shelwed that 31.4% elf the selil volume is 

elccupied by water at 1 bar suctbn. What ab:Jut the remaini.ng 

68.6%2 Felr this we need tel know elne additi:Jnal. selil character'''' 

istic: the particle density (= gr/cm3 elf the sellid s"il phase 

elnly). Thi.s can be determined by a separate prelcedure, using 

pyknelmeters (see appendix at the end elf this sectbn, and Blake, 

1965) . Presuming we have a parti.c1e density elf 2.60, the 

45.45 gr. elf s:JU represents 17.45 cc.. Teltal v"lume "f cbd 



Calc. 3 c~nt.: was 28.77. P::>res f~rm 28,,77 - 17.45 = 1.1.29 cc which is 

11.29/28.77 x 100~ = .39.2% ':)f s':)il v':)lume. (1:bis means 

that 7.8% ':)f the p':)res in the s':)il are filled with air). 

In f':)rmula: P::>r':)sity = (1.0 _. PaT~e d:~!~ty) x 100% .. 

Calculati2P_.!t.: Letermine c':>E!fficients ~)f linear extensibility (COLE) as 

Jv;;./vd:l, where Vm = v':)lume ':)f m':)ist wh':)1e s':)il fabric and 

Vd = vo:>lume ':)f dry wh':)le s':)il fabri.c (Gr':)ssman, 1968). 

Graphs were prepared f':)r all horizons (f':)r example, Fi.g. 3.L3f) sh':)wing 

the =isture retentio:>n curve and a curv's ::>f to:>tal p':)ro:>sity (= upper line). 

P::>r':)sHy i.s s':)met1mes lo:>wer' at .bw mo:>i.sture c':)ntents, due t':) shrinkage. 
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1:bese calculati':)ns were made with the aid o:>f a pr':)grammable Hewlett Packard 

9l00B calculator" 

~ndix.: 

Summary ':)f pykn:lll'.eter test to:> determine particle density ':)f so:>i1 (see Meth::>ds 

':)f &:> il Analys is ) . 

Pykmmeter (dry, empty) = Hl gr" Pykmmeter + ab':)ut 5 gr. stovedry so:>j] = H2 gr'. 

Pykn':)meter filled with de-aired water = ~f3 gr .. 

Pykno:>meter wi.th water + s':)i1 = H4. 
H2 ... Hl .3 

Particle denSity = -'-'--'---' gr/cm 
H] + i-l2 - Hl - H4 

The principle ':)n which the meth':)d is based i.s the same as that f':)r the c1o:>d 

tests: a b':)dy suspended in water wi 11. be subjected t':) an upwsrd f':)rce that 

i.s equal t':) the weight ':)f the v~lume ':)f the displaced li.quid. 
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Measurem-ent of sui! moisture tension 

A 

TV E\ E FII_L.I!"D 
'IN \'1"1-4 w,..,.-e~, 

5' 

lIiNSi .. "ETe: .... 
GIJf"" 

SAT'/.) RAT Ii! D '5" I L-, 
WNSi ON =: 0 Me. 

Fig .. 2.5 

*The authors are indebted to) Dr. C. Dirksen for helpful suggesti:ms. 
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2.5. Tensi~metry * 
S~il m~isture tensi~ns were measured ar~und seepage beds in the fi.eld and 

in c~lumns ~f the crust test (Sec. 2.3, see Fig. 2.5). General. di.scussi~ns 

?f techniques axe given elsewhere (Richards, 1965). We used penc:i.l'·sized tensi~·"' 

meters, and 1/8" plastic tubing. A calibrated scale was used t~ determ:Lne 

s~:l.l m~i.sture tensi.~n. The pr~cedure ~f measurement i.s as follows: 

2. M:lasure distance between the mercuxy level and the center of the tensiometer, 

after instal.lation of the cups (= Lcm). 

** 2. Calcul.ate the z'atio: L/l2.6 (cm) = x em ("" x mbar). 

3. The zer~ mark ~n the scal.e d~es n~t corresp~nd to the mercury level 

itself, but to a .level cor'responding to x mbar, above it. Fix the zero 

~f the scale t~ this level. 

4. Readings of total. m~isture potential (-p mbar) can now be made di.rectly 

from the scale. Add L t~ obtain s,,:L1 moisture tensbn (= ··P+L). 

5. The remaining c~rrection results fr6m the negati.ve curvature ,,1' the 

mercury. When the p~r"us tensi:)meter cup, suspended in water, :i.s held at 

exactl,y the level of the mercury, thi.s level and the level in the 1/8" 

plastic tube d~ n~t c"rresp~nd. Lowering the tensiometer cup 5 cm equal1.zed 

both levels. This means that each readi.ng has t~ be corrected wi.th 5 mbar, 

due to use of the .l/8" tube. The fi.nal reading of s~i1 moisture tens:i.:ln 

1.S equal t~: -P+L'·5 mbar" 

** N-:>te: the r'atb x = .l/12.6 :i.S derived as foU.ows: In the pictured system 

(Fig. 2.5), s~il m~istux'e tension is supposed t~ be zer~ at the locatbn 

-:>1' the cup. Di.stance between the mercury level and the tensbmeter = L. 

M:lrcury has ri.sen in the plastic tube t-:> a height of n cm. The rest ,,1' the 

tube is filled with water. In this equilibrium situation, pressure in the 

same liquid is similar at the same height. So: Pressure at B = Pressure at B'. 

However, mercury is present below B' t-:> the mercury level A', and water below B. 

Conai.dering the flow system as a wh"le,.it folbws: n x 13.6 ... n.l .. L = 0 and 
n = L/12,,5 = x. 



2.6. Microbiological. procedllles. by W. J .• Ziebell 

2.6.1. Introduction 

The general. purpose of the bacteri.ologl.cal invesMgation was to monitor 

the number of coliform and enterococcus organisms in septic waste and in 

sam,p1.e s from drainage fields. 

Laboratory experiments were al.so c,mducted, in whl.ch sewage and a 

suspension, that was bacteriologically :representative of the septic tank 

effluent, were applied to sojJ columns. The resul ts indi.cate the nature of 

bacterial movement from septi.c systems through soH .• 

During the S'\llJlmer of 1970 bacterial. samples were obtained from five 

di.fferent septic systems. Plating or these to again obtai.n general micro'·' 

flora, coliform and streptococcus counts was done to get an indication of 

the movements and densiti.es of bacteria in the field systems. 

2.6.2. Material.s and methods 

2.6.2.1. Technlques of sampling septic systems :i.n the fleld 

Soil. samples were taken in the fi.el.d for bacterial analysiS by f:irst 

sterilizing the exterior la;yer of soH. with a propane torch. A spatula was 

sterilized with alCOhol and used to remve the outer la;yer of soil. A 

ster'i.le test tube 1.8 cm di.smeter by 15 cm was then pushed gently into the 

soil. at the desired sampl:i.ng poi.nt so that the sam,pl.e entered the tube. 

Samples for determination of dry weight were al.so taken adjacent to each bac­

terial sam,ple and stored in sealed moisture cans. The bacterial samples 

were transported in an iced container whenever traveli.ng time was to be 

greater than 30 mi.nutes. Thi.s precaution was taken because of known delicacy 

of enterococci i.n competition with soil. and water flora'. 
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2.6.2.2. Media used and plating techni.ques 

Pl.atings were made f':lr bacteri:l1:lgical. analysis f'r:lm seri.al di.1.uti:lns :If' 

the sample by a spread plate technique. This is f'av:lred :lver a p:lUT plati.ng 

technique because i.n this way all co!~nies are surf'ace c:ll:lnies. Thus many 

i.nterf'erences in c:ll:lr :lbsexvati:lns were eliminated and als:l c:l1:lnial m:lrph:l.bgy 

c:luld be :lbserve d. 

T:ltal plate c:lunts :In plate c:>unt agar (PCA) were determi.ned as evi.dence 

:If' t:ltal. s:lil micT:lf'bra. The c:lmp:ls:!tbn of' the agar (PCA) was that given 

in §tandard Meth:ld,!!. f':l!: ~ l::xaminati:ln :>f' }f~ ~. Was~ }f~. (American 

Public Health Ass:lciatbn, 1965): 

trypt:lne 
yeast extract 
dextx':lse 
agar 
distilled water 

5 grams 
2.5 grams 
1 gxam 
15 grams 
1.0.0.0 mls 

Incubati:ln was at 3.o:lC f':lr 48'72 hrs. F:>r many samples actin:lmycetes were 

c:lnspicu:luS :In these plates. They were readily distinguished f'r:lm the eubacterial. 

c:ll.:lnies by the aex·:!al. spoxulati:ln :If' the act:!n:lmycetes. Their presence in 

large numbers i.s indicative :If' backgr:lund s:li1 m:icr:lf'lora int:l which the 

p:llluti:ln bacteria are intr:lduced in the vicinity :If' the drai.nage system. 

C:llif':lrms were enumerated by the test :If' Standard Methods. f':lr, th~ 

Examinatbn :If' Water, and Wa~te, }fate:!:, (Am. Publ. Health Ass., 1965) using levine IS 

Eosi.n Methylene Blue Agar of' the f':l110wing C:l!llp:ls:!.tion: 

pept:lne 
1act:lse 
di.p:ltassi.um ph:lsphate 
agar 
e:lsin Y 
methylene blue 
distilled water 

Incubati:ln WaS at 37:lC f':lr 24-48 h:lurs. 

1.0 grams 
1.0 grams 

2 grams 
15 grams 

.0.4 grams 

.0 . .065 grams 
1. L 

The t:ltal co1if':lrm c:lunt was recorded 

f'or all th:lse bacterial c:ll:>ni.es gx':lwing :In levine's EMB agsx·. "Fecal." or 



Escherichia £2li type organisms were recorded as all those colonies produc:i.ng 

a green sheen on Ievine' s EMB agar. No attempt as yet has been made to use a 

combination of the two criteria, sheen on EMB and ab:i.lity to gr'JW at 45 0 C, as 

a more relj,able :i,ndicator of the "facal" colifOI'm population. Exper:iments on 

this point are planned. 
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Streptococcus (presumably S. ~aii!) counts were taken on m-Enterococcus 

Agar e)f the follOWing composition: 

tryptose 
yeast extract 
dextrose 
dipotassium phosphate 
sodium az:ide 

20 grams 
5 grams 
2 grams 
4 grams 

0.4 grams 
agar 
2,3,5-triphenyl 
di,stilled water 

10 grams 
tetrazo,Lium C1 0.1 grams 

1 1, 

After :i.ncubation at 37°C for 48-72 hours all red colonies (tetrazolium C1 

reducing) were recorded as enterococci. 

other media included were stock agar and nutrient broth for the carrying 

of cul,tures of :§.. £oli or isolates Qf interest. The c:::tnpQsition Qf these 

was as fQllows: 

Sbck agar: 

yeast extract 
dextrQse 
disti,lled water 
agar 

Nutrient brQth: 

beef extract 
peptQne 
distilled water 

19m 
0·5 gms 
1 r, 
15 gms 

3 gms 
5 gms 
I L 

2.6.2.3. Techniques fQr labQratQry testing and Qther experiments 

To analyze the field SQil, a 10 gram sample Qf the SQil was wei.ghed into 

a Waring Blender cup and a sterile 90 ml water blank was added. After blending 

for 1, minute, serial diJut:bns were made and spread plates Q:f' Iev:!,ne's ENE, 

PeA and m-Enterococcus agars followed. 
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Gr~und water samples fl."~m the septic systems sites near 

Neil1svi.lle were analysed by suitable dilution with sterile dist:i.Ued water 

bl.anks and by spread plat:l.ng ~nto the three med:l.a mentioned in the preceding 

paragraph. 

Fr= the samples and platings made ,~f the septic tank effluents and s~il 
I 

fr~m the drainage area, a number ~f is~::"ates ~f apparently signi.f:!.cant bacter:ia 

types were taken. They are bei.ng st~reli at 4~c ~n st~ck agar stants. 

An~ther experiment utilized 200 ml quantities ~f non-sterilized sewage, 

heat-sterilized sewage and millip~re-filter-'sterilized sewage. To these 

were added the known ~ . .soli ATCC 4348 at 10% inoculum as a liqu:l.d culture 

in nutri.ent br~th. Bacterial counts were then m~nit~red with time. 

The f~ll.owing f~rmula was derived to convert the bacter:i.al counts for 

s~il. samples b a per gram of dry s~il basis: 

let q = number ~f ~rganisms (after the first add:i,tion ~f diluting water) 
ml 

(t~ be determined by plate c~unt) 

B = grams ~f dry s~il 
ml 

then A = number ~f organisms = !lB 
gram ~f dry s~il. 

then to obtain B we c:msider 

P = % m~isture of soil ~n dry s~il weight basiS 
100 

then, if X grams ~f moi.st s~il are used 

(X-·L)P = L where L = grams (mI.) of mo:l.sture i.n a sample ~f X grams ~f 
moist s~1.l 

s~lving for L gives 

XP 
L =~ f+P 

let W = mle of water used in the initial dilutj.~ll blank 

then B = f~~tl 



Fh~t~ 3.1 Black sewage sludge (S) fl~wing fr~m a tile line d~wn the side ~f an expl~rat~l 
trench acr~ss the seepage bed (B-B) at 120-160 em depth at the Mal'shfield Expel 
ment Statbn. Field tests sh~d the underlying c~mpact reddish till (T) b bE 
impermeable. Fill (F) ab~ve the bed had a b luish "reduced" c~l~r and had been 
enriched in nitrates and ~rganic matter by upwelling effluent. 



28 

3.1. S~il abs~rpti~n system i.n Withee s:l.l.t bam at the U.W. Marshfield 

Agricultural Experiment Stati~n. By D. J. van R::>::>yen. 

3.1..1. Intr~ducti~n 

This system was studi.ed in June, 1970. The septic tank seepage bed was 

nineteen yeaTS ::>ld and had been dischaTgi.ng effluent int:> the r~ad ditch f::>r 

aU but the fi:rst 10 t~ 12 m::>uths <:>f its existence. The pu:rp~se ~f this 

investigati.::>n was t::> study the effects ~f effluent overfl~w ~n the site and 

t~ eval.uate the p~tenti.al suUabllity, if any, ~f the Wi.thee silt bam f::>r 

~n···site liquid waste disp~sal. 

3.1.2. S~U and landscape features 

The Withee si.1:t bam is the m~st extensive s::Jil in the Withee-·Marshfield-· 

* Mann s~il. ass~ciat:bn ~f the regbn ~f Grayi.sh···Yelbw S1.1 t Loam (Beatty, et al., 

1964) (see Figure 3.1.2a). The chaTacteristic landscape p::>siti.~n ::>f the Withee 

silt l~am is ~n the crest and side sl~pes ~f upland Iidgesin undul.ating terrain. 

Withee s~il.s (see soil pr~fi.le descripti::>n,Appendix 5.1) have a grayish silt 

l~am su:rface layer which is usually platy. The strongly acid loamy subsoil 

is d~inantly grayi.sh in c~br, with numerous reddish and yellowish m~tt.les. 

The l~r subs<:>il has developed in dense reddi.sh-brown loamy glaci.al till 

(Beatty, !!1 al., 1964). Water m~ement d~wn through this soil is extremely 

s1.~w (Hole, etal., 1967). 

The W:lthee silt loam ~ccurs i.n two slope phases in the landsca;pe: gently 

sl<:>ping (2-6% slopes) and nearly level (0--2%). All of the investigations were 

d<:>ne on the near.ly level phase. Fig. 3.1.2b is a soil map of the Marshf:l.eld 

Agr.:icultural Experimental Station. 

* A new series, The Mann, has been pr<:>p<:>sed for Ad01.ph-l1ke soUs over tH.I 

that has a textu:re finer than sandy loam. 
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fiG- 3.1.2 B Soil map,of the Marshfield Agricultural Experimental 
Station, Marshfield, Wisconsin. 
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FIG-3.15C I ndex map showing location of the east seepage field of the 
Marshfield Experimental Station and sampling sites. 
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Table ,3.L3.3. Color ReadingJ! above and belaw gl:avel seepage bed. Marshfield 

__ . Agric!!f!!ural riment Farm. June.....1:2.70•. .._. ______ ,,_. 

Depth __ I Matel.":!:!l:l.._I_. __ Colors ___ De th IMaterial -!-_._. Colors 

40..J- :1.:.2X. 4. 1+ Olive blac 150···153 I 15YR 3/6+ Da:rk reddi.sh 
60 I • Y 1 Gr!l,'L I 1.!:!r"W'l in~ fractiog 
'80 Fill, • Y l_.Jkll.y. 153-163 'Undisturbed'5YR 4W Yellowish red 

100 ,lOY 1'" Gray. .. . I soil '.inheav~ clay . __ . 
115 ,lOY 1+ Da:rk greeriis 163-'iB3' material 1l0YR 4/ + Brown i.n 

120-150 I Gravel bed: -----S!!liY.....--·--ii83.213 .. : :~~~~ ~~Da:rk-br;wn-
YThe ;;t;S-indic;t-;:;;-;;a~;t~belo;th;"g;avelb;a-wh'i:~h ~!nt:::11~~~:~;-;;--'-

sui'fici.ent d=nwa:rd movement of effluent to create an envixonment of reducti.on as 
is found above the gravel bed. 

* Munsel.1 color designati.ons are for moist soD. unless stated otherwi.se. 
+ Color and notation flom the Japanese Standa:rd Soil Color Cha:rt. 

Table 3.1.3.4. Hydxaulic condueti.vi.ty (K in cm/day)~ and percolati::>n test results 
of Withee siU loam, Marshfield Agr. Exp. Sta. 

IlepthsJ£iI=_-=-Site 1* ___ .Si~~~. ____ . __ ._Site 3*_:..... Date of'Obaerve:;I;n-
20 0 June 5 
25 1.0 June 10 
40 0 0 2 June 10 
~ 0 ~3 
&l 0 June 2 

State R:!rcolati.on Test (&l em) 2&l0 min/inch J'une 10 

+Dat~t~;~ by ~~-;f th~-Bo~-; Do;;bl;·-Tu~·-~th;d:'·"··----------"·--·--"··-·'-
*'See Figure 1.3.1.c for locations. 

Table ,3 .. 1.3.1 Moisture content (%)+ of soH samples fl'om a cultivated Withee 
silt loam and soil fill of a d:!.spossJ field# at the Marshf:!.eld 

... _ .... _ .. ___ ._ Agricultural Experiment Station •. 
De th ( ) N!~...£!lt Loam -_ .•. - ..... DiSP6sal Field-.. ·····-.. _" 

. ________ : ___ c~ __ .____ _. __ ~~~_5_~_. ___ ._._. __ Site *- (Trmg::..~L ... __ . 
20 19.7 

40 15.7 

60 14.5 

&l 18.5 

100 18.8 

12013 .. 6 

140 19.4 

+Based on stove dry weight of soil. 

27.7 

17.7 

1.7.2 

19·9 

20·3 

36.0 

31.7 
-_._----_._. __ . __ . 

#.miS disposal. field i.s part of a septl.c system installed in 1951.. 
;j. 

See F:lgur~ 3.1.3c for l.ocations. 
!HI' 
SOil map unit, Figure 3.1.3a. 



* Table 3~.3.2 ANALYSES OF FERTILITY SIlMPLES TAKEN AT THE MARSHFIELD AGRICULTURAL E:x:FERJMENTAL STATION, COLLEGE OF AGRICULTURAL 
AND LIFE SCIENCES. UNIVERSITY OF WISCONSIN. MARSHFIELD. WISCONSIN. JUNE. 1970.(fill in map unit TrI!lJl:; Fig. :1.1.39. 

) ~N SITE SAMPIE ml:!" pH '}baM P K Oa p2 Me; Sa ppm N0
3

., d 
<~n ( p ~ > ~ ~ 

7.\.: 
1".25 

2.&,. 6 
. )'1. 

0.4 

.7 

81<\_ 

1290
f050 

15?_ 40 
13 

1:>90 j18 :?r0 
0.191 

\0.118 
0.04:/ 

\

( 130 

~
i ~ 

Disposal ) Fill materlal 60 
Field <\ 90 

5·5 
5.7)5.6 

5.5 
6.0/ .25 

0.7.)0 
O. 
0.7.) 

0.5 

::;5.5 
:/8 
::>39.5 

:~202.5 
::>162.5 

12\, 

130)125 

1~96 

~51\'3 
70 1c/ 

100> 1> 05 0 

<1~.5 
15 

~7.5 

0.04) 
.045 

0.045 
0.03> .035 

\ -

(

I I ~ 
! 

Till \....120 

Beneat~~ravel f 160 

,,160 

r 30 

\ ~ 
Cultivated Withee J 60 

silt loam ) 90 

I 90 
; 120 

l120 

6. 

6')6.65 
6.; 

.25 6.> 
5. _ 

4.? ·35 
4. 
4.)+ .2 
4. 
4.~, _ ,r·15 
4.1 
4 .• 3\. 

/4.3 
4.3 

0·3 
o.~ 

,/0.35 
0.4 
0.2" 

/".2 
0.2 

:17•5 

:/
9 

0.3 28," 
)0.35 /66.5 

0.4 105t 

O.~ 2\,. 
jO.25 .;-3 

0.2 6~ 

O.~_ 32\, 
1J.15 p5 

0.2 38 
0.1\_ 73, 

fU.l 3 
0.1 3 

36~ 
275)32

0 

200 
) 205 

210 

6o~600 
601' 
175 

)177 .5 
180 

12~135 
1501 
150, 

.1152 .5 
155 

200. 

22'\~05 
1901 1:> 80 
1: 

12~65 
170' 
160... 

f65¢ 
170 
130.. 

'155 
1801 

1Bo..,195 
2101 

110 1: 

1~00 11\'6 

lOci lei'" 
~)u0 :>0 
12"'(\2.~)4 
8s/' 25 

11:> 28 
05 >5.5 

1 23 

12~5 20\.5 
125 3if 
11~ "" 3O~7. 5 
13(/J.c.v 2{~ 

60 
'-:35 

<10"­
<10, 

<10
f10 

~>5.5 
:~O 
<1?r0 
<10 

:~O 

0.03~ 

0.04)5 
.044 

0.04 
0.0:>- _ 

.034 
0.0 

o.OJ. .030 
0.0 
0.01,> 

.016 
0.014 
0.00> 

.013 
0.01 
0.03~ 

b.034 
0.034/ 

* Analyses by the Soil Testing Laboratory, Department of' Soil Science, Marshf'ie1d Agricultural Experimental Station. 

lou 
Vl 
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3.1..3. Results 

The extent 01' the tile fi.e1.d was determined by auger b::>!ings at tW::>"meter 

intervals 0n a grid pattern (Fig. 3.1. 3a). Fr0m tM.s map a secti::>n was drawn 

in ::>rder to indicate the posi.ti0ns 01' the reduced zones in the fiU ab::>ve the 

gravel bed (Fig. 3.1.3b). A general map ::>1' the immediate surr::>undings is pre­

sented in Fig. 3.1.3c. 

Samples f::>r fert:iJi.ty and m0isture determinati::>ns were taken at several 

sites and at different depths ::>u, ar::>und and beneath the gravel bed ::>1' the 

tile field. Samples were taken by means ::>1' an auger. Results::>f anaJ.yses ::>f 

these samples are shCJWn j.n Table .3.1.3.1 (s::>il m::>isture data) and Table 3.1..3.2 

(s0i1 fertility data). Figures 3.1.jd and 3.1.3e show these c::>ntents as a 

f'uncti:>n ::>f depth. 

C::>l::>rs ::>1' the fi.11 materi.al ab::>ve the grave 1. bed and the 6::>11 beneath i.t 

(Table 3.1.3.3) can be c::>mpared with c::>1::>rs 01' a near"by soil profi.le (Appendix 

6.1). ~draulic characteristi.cs 01' the Withee soil. are rep0rted as m0i.sture 

retention data (Fig. 3.1..31'), results from the crust tests i.n the Ap and 32 

hori.z0ns (F:i.g. 3.1.3g) and hydrauli.c c0nductivity 01' saturated s0:Ll. by the 

Bouwer meth0d and perc01atbn test results (Table 3.1.3.4). 

'3.1 .• 4. Discussi.on 

The Wi.thee silt bam has bng proved :itself incapable 01' accept:l.ng and 

treati.ng 1:l.quid wastes be.l0W gr::>und. 

The malf'uneti0n:l.ng 01' this particular ill.sposal system was c011firmed by 

the study. There was n0 co10r change 0r m0rph0l0gicaJ. evi.dence to indicate 

d:Mnward 0r sideward =vement ::>1' effluent fr0m the seepage bed. ~drauJ.ic c::>n'" 

duct:!vity, as measured by the Bouwer-d::>uble tube method, was 50 10W as to be 

immeasurable at depths ::>1' 50 em 0r m::>re. ~draulie c0nductivity values ::>1' 

10 cm and 2 cm per day were found at 25 cm and 40 em depths, respecti.vely. 
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The State Percolation Test indicated very slow :1.nf'il.trati.on at a depth of' 80 em. 

I.nclement weather prevented completion of' the crust test at a depth of' 80 em 

in the 133 horiz::m. Results i.nd:1cated that K at saturation was less than 2 mrn/da;y. 

Physical measurements, theref'ore, confirm the morphological. evidence. 

The natural. soil was relatively wet in June, 1970 and it can be hYllothesized 

that the swollen state of the so:l.l system in June contributed to the low K 

values, because the cracks were closed. However, additiona.l measurements i.n 

August proved that saturated hydraulic conductivi.ty f,yr initi.a.lly unsaturated 

soil was also negligibly smalL Such slow movement of water as does occur in 

the subsoi . .1. seems to take place mainly along cracks, as indicated by skeletans 

on their surfaces (see profile description). Moisture contents of the fill. 

above the gravel. bed were hi.gher through011t than at comparable depths i.n the 

natural soil profi .. le adjacent to the gr3.vel bed. Whereas the unsaturated natural 

soil material. was fixm i.n consi.stence, the reduced f'ill material, saturated by 

the upwel.Hng stream of effl.uent, was plastic and sticky. The effluent was 

apparently confi.ned to the fin judging by the sharp b::mndary between the 

blui.sh gray fill. materi.al and the browner sUr'roundi.ng soil. 

Soil reaction, and contents of organic matter and nitrates axe higher i.n 

the fill. than i.n the natural soil, as a resul:t of enrichment by upwelling 

effluent in the fi.ll.. Add:l:ti.on of fertil.izers to the topsoil :I.n regular farm 

~rations in adjacent soil areas accounts for the concentrations of nitrates 

and soluble salts in the Ap horizon of the Wi.thee soil. 

The moi.sture retent:!.on curves (F:!g • .3.L3f) show that the Ap hori.zon has 

a high content of water at saturation. As so:1.1. moisture tension increases, 

larger pores are emptied rapidly. The Ap has a larger water holding capaCity, 

resul.ting from a hi.gher porosity, than the underlying compacted A2, the B2 

and 133 horizon. The decrease in content of soil moi.llture with increasing 

tensi:m :I.s least in the A2 and 13 horizons due to the relatively large volume 

~f fine pores in them. 



At high suctions the A2 hori.zon has a :lower moisture content than the 

B.3 and C horizons. This 1.s because the A2 hori.zon has less clay to bind the 

water. 

In conclusion, the septic tank disposal field as descri.bed herei.n 
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d:Jes not function because .liquids cannotperco.1.ate through the soil and hence 

are forced to the surface. The field acts as a surface,-leaking storage tank 

instead of a di.sposal field. All this indicates that the Withee silt loam 

cannot dispose of liqui.d. wastes sufficien';ly to service the convent:i.onal 

seepage bed and that a system of different design is needed, utUizi.ng, if 

possible, the conductivity and storage capacity of the upper 40 cm of the 

profile. A praperl,y constructed "mound" system might meet the need. htential. 

c!qlabilities of "mound" systems, designed for sites with hydrauli.c condi.tions 

like those of the Whi.tee aUt loam, are discussed i.n Section .3.6. 
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3.2. Soil absorption system :in stony sandy loam till (II C horIzon of the Saybrook 

silt loam at the Poultry and Dairy Farms, U.W., Arl.ington, Agric. Exper. Sta.) 

3.2.1. Introduction 

'ilie system at the Dairy farm was bri.efly studied in July, 1970 and found 

to be similar in design and dimensions ss the system at the Poul.try Farm 

(Fig. 3.2.1). This system was overloaded at a loadi.ng rate of 350 gallons/day, , 
as was ev:!.denced by perbdic overflow of effluent through the air vent em top 

of the distribution box. Abundant growth of grasses and weeds downslope from 

this poi.nt, demonstrated the effect of this added fertility. A deep pit was 

dug next to the seepage bed. Unfortunately, one sidewall of the pit caved in, 

and the hole fi.lled wUh effluent. The si.te had to be abandoned after this 

abrupt change i.n hydraulic condUions. The septi.c tank disposal system at 

the Poultry Farm (Fig. 3.2.1) was loaded at the much lower rate of 80 gal.1ons 

per day and had worked sati.sfactorily for eleven years. A large pit was dug 

next to one of the two seepage trenches and a tunnel extended under the trench 

(see Fig. 3.2.1). Tensiometers were Installed on July 20 at several. distances 

bel:JW and at the sides of the trench. Ston:iness of the till. was not such as to 

prevent instal.lation of the tensi.ometers, although several attempts were 

necessary at most points before success was attained. So:l.1 moisture tensbn 

measurements began as soon as equil1.bri;um had been reached on July 21. 'ilie 

topsoil fill was removed from above the far end of the seepage trench and the 

depth of effluent found to be 20 cm. Tn order to study effects of dosing the 

access was c1.osed at the d:!.stribution box,the effluent was pumped out and the 

trench was 1.eft empty of liquid from July 22 to August 4, 1970. Duri.ng this 

period the other seepage trench and surrounding soil handled all the effluent 

of the system. The effluent was admitted to the north trench on Aug. 4, and 

the ame:mnt of liqui.d introduced into the entire system was i.ncreased to an 

average 200 gallons per day, start:i.ng on August 8, by running water frClm a 
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faucet in the basement ::>f the house. This part of the experiments was finished 

::>n August 14 (Fig. 3.2.2a). A sec::>nd series of experiments was started on 

September 18 (Fig. 3.2.2i:l). The occupants ::>f the h::>use had been ::>n holidays 

f::>r a three week period fr::>m August 14 '0::> September 4. No effluent was in 

the trench at the start ::>f the second experimental peri.::>d. Targe am::>unts of 

water were added t::> the system f::>r sh::>rt peri::>ds ::>f time ::>n certain days 

(Fig. 3.2 .2a). Tensi::>metI ic reacti::>ns t::> these intermittent d::>sages weI'e 

::>bserved. Fr::>m Oct::>ber 1 t::> Oct::>ber 7, a c::>ntiml::>us trickle ::>f water waS 

added by means ::>f the basement faucet t::> establish a t::>tal rate ::>f 200 gall.::>ns 

per day. After October 7, only the regular input ::>f 80 gall::>ns per day 

entered the system. The experiment was terminated on Oct::>ber 15. 

3.2.2. Results 

Moisture retenti::>n and p::>r::>si.ty da:ta f::>r the glacial till are presented 

in FiguIe 3.2.2b, and data ::>:f the crust test, relating hydrau1i.c c::>nductivity 

t::> s::>11 m::>isture tensi::>n, are sh::>wn in Fig. 3.2.2d. Six state percolati::>n testll 

(Fig. :3.5.2.35) and two c::mstant level percolati::>n tests (see Fig. 3.5.2.23) 

were made i.n the ti.l1 at the Dairy and P6ultry Farms. S::>il. m::>isture tensi::>ns, 

as measured ar::>und the trenches during the experiments, are presented in Figures 

.3.2.2a and 3.2.2t. Resul.ts::>f microbiol::>gical anal.yses of samples talren at 

the l::>cati::>ns :If the tensi::>meters at tw::> times are i.n Tables 3.2.2.1 and 3.2.2.2. 

3.2 . .3. D:!.scuss1::>n 

S::>i1 m::>i.sture tensions were hi.gh around the seepage trench at the start 

::>f the experiment on J·ul.y 21, although the level of the effluent sto::>d at 

tw::>··thirds the height ::>f' the bed of crushed r::>ck. Bel::>w the trench tensi::>11 

was 80 mb (Tensiometer nr • .3) and 90 mb (Tensi::>meter nr. 2). At the si.des,the 

value was s::>mewhat l::>wer at 60 mb. The presence ::>f such high tensi ::>ns, and 

free liquid in the trench, i.ndicates the presence of a highly resistant barri.eX', 
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a "crust", at the interface between trench and s:>il, causing a potential head 

loss (Hillel and Gardner, 1970) (see also Section 3.2.5). 

Soil m:>isture tensi.ons increased by natural, drainage, as expected, after 

the trench was pumped dry on July 22. Heavy rain on July 28 decreased m:>st 

tensions, but at the time :>f re1ntroducti,:>n of the eff,luent in the system :>n 

August 4 tensions were stil,l considerab.l,y hi.gher than those at the start of 

the experiment. In the period from August 4 to 8, tensions did not change. 

At no time did we :>bserve effluent standi.ng in the trench. Obviously, the 

amount of effluent going into the systen (80 gallons/day) was be1ng absorbed 

by the soil, without ponding. Moi,sture tensions around the trench probab1.y 

fluctuated each day, f:>l1owing the dai.ly dOSing pattern. Since observations 

were made only once a day such effects were not observed. An attempt was 

made t:> reestabl1sh ponding in the trench, by increasing the bading rate to 

200 gallons per day. A permanent trickle :>f water into the system from a 

faucet in the basement :>f the house was sufficient to accomplish this. The 

much increased 10adi,ng rate apparently exceeded the infil.trstive capacity :>f 

the soil, and effluent fi.Ued the trench agai,n starting August 8 and remai,ned 
, 

so until the end of the first experimert :>n August ,1,4. Soil moisture tensions 

decreased t:> values of 50 mb be.low, and 35 mb next to the trench. Thi.s indi-

cates a marked decrease in impedance by the CTuSt,as compar'ed wi.th that under 

the initial condition, when the trench waS nearly full of effluent and much 

higher ten,.ions :>btained in the surrounding soil.. 

Fig. 3.2.20 gives the relationship between hydrauUc conductivity K and 

soil =isture tension for the sandy till. K at 70 mb was 4 rum/day, at 50 mb: 

15 rum/day. For a bottom area of 0.8 x 30 = 24 m2, thi,s w:>u1d amount to a vertical, 

(one dimensbnal) flow of 50 gaHons/day at,80 mb (potential gradient = 2) and 

180 gallons/day at 50 mb (p:>tential grad:l,ent = 2). For the bottom of one trench, 
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Q n ly 90 gal:bns/day. But effluent m)ves not only through the bottom of 

the bed, but al.so thr'ough the side'Wal.1s due to gradients in the s::>il 'Water 
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potential alone, since strl.ct hQri.zontal. movement is not effected by gravi.ty. 

Assuming a potentl.al gradient of unity horizontally (see values from tensi.ometers 

5 and 6) 'We obtain f1o'W values on July 21 of 19 gallons/day at 60 mb (K = 6 rom/day 

s1.de'Wall area: 0.2x 61.6 m
2 

= 12.3 m2 ). In August, the potential. gradient 

'Was one··third bwer and f'l.ow through side'WaUs 'Was estimated at 20 gallons/day 

at 40 mb. (K = 18 rom/day), For one trench,lO gallons/day. T::>tal flow can 

therefore be estimated at 69 gallons/day for July 21 and 135 gall.ons/day 

for August 14. On both dates effluent stood 20 cm deep in the trenches. The 

first value is 'Within a reasonable 15% of the measured loadi.ng rate of the 

system (= 80 gaJJ.olls/ day, measured during one week 1.n July by Mr. Ri.pp, resident 

Qf the home). These calculated amounts of flow are estimates based on separate 

one-dimensional vertical and horizonta1 flo'Ws. In the real t'Wo dimensional 

flow system now lines 'Will be curved. Real flo'W rates can be determined by 

mode l1ing such a system using a computer (Chapter 4). However, we do not 

expect such calculated values to be much different from these estimates. The 

second series of experiments 'Was started on September 18, 'When both trenches 

were empty of l.iquid (the occupants of the house had been on holidays for three 

weeks, Aug. 14-Sept. 4). Starting on September 23, additional 'Water 'Was added 

to the system, through a basement faucet, as during the fl.rst experiment. 

Large amounts of Il.quid were added in relatlvely short periods of time (see 

Fig. 3.2.2.d). The effluent was absorbed by the soU 'Wi.thin one or t'W::> days. 

Tensiometers reacted clearly to this l.ntermittent dosi.ng pattern (Fl.,g. 3.2.2d). 

For exampl.e, after adding 180 gallons in a 40 mi.llute pe:d ad on September 25, 

s::>1.1 tenSions moved down around the trench. The trench 'Was empty on September 

27, and tensl.ons moved up to relatively high val.ues on September 28 as a 

result of dxainage. Then another 120 gall.ons were added. The next day the 



trench was empty ("dry"). The high am::>unt ::>f '350 gaLbns was added, and 

tensi::>ns reacted strongly. Tw::> days l.ater, however, the trench was dry and 

tensi::>ns had increased again since the previ::>us day. Starting on Oct::>ber 1 

the meth::>d ::>f adding water t::> the system was changed t::> a c::>nti.nu::>us tri.ckle 
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at the rate ::>f 200 gallDns per day. After that, the trench nearly filled with efflu· 

ent and remained s::> t::> the end ::>f the experiment (Oct::>ber 15). Addition 

of water was st::>pped on October 7, when the trench started t::> ::>verfl::>w. 

Since then ::>nly the regular daily input (80 gallons) entered the system. 

In the period Oct::>ber 2 t:> 15,tensions around the bed gradually increased t::> 

levels remarkably similar t::> those measured ::>n July 21 at the start of the 

exper iment. Such increasing tensi::>ns around a bed that cantai ns p::>nded 

effluent indi.cate an i.ncrease i.n hydrauli.c resi.stance of the crust. This:is 

probably caused by increasing anserabic canditi::>ns that induce the farmation 

::>f organic products that clog soils pores (see 3.2.5). The identical 

hydrol.::>gical situation at the start and at the end of the series of experiments 

may indi.cate a dynamic equi.librium specific foz' thi.s particular system. A:ix' 

diffusing thr::>ugh the soH to the crusted sidewalls of the bed, wiLl permit 

break·-d:JWn ::>f anaerobi.cally produced organic substances there. This process 

is influenced by soil texture and position of trenches. Stronger diffusbn, 

for example i.n a caarse por::>us material and with trenches placed closez' to the 

surface, could :result in an equilibrium at a l':JWer suction, and thus a higher 

infiltration z ate made possi.ble by a dimi.ni,shed resistance of the crust. InflO"N 

::>f effluent with a lower B.O.D. (after aeratian), could have the same effect. 

More experiments in different s::>i.ls are needed ta investigate this aspect (see 

Section 4). In any case, soil maisture tensians measured in thi.s study were 

never' lawer than 40 mb. The data shaw that only abaut ane week -:>f p::>ndi,ng is 

sufficient ta create s::>i.1 m::>isture tensbns similar ta thase present after ten 

;years af system use. Thi.s demanstrates the unfavarable effects of overlaading. 
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Table 3.2.2.1. Bacterblogi.cal analyses, July, 1970 (high tension bebw seepage 

trench) • _._._--_._ •. _--
Location Bacterial Counts / ~rAn-\ 
._------------

10 cm below trench (tens. #3) 

25 cm below trench (tens. #2) 
40 cm below trench 

10 cm at side of trench (tens. 
#1+) 

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

EMS 

None {on 103 lowest) 

None (only 2.1 x 103molds 

Not determined 

1.2 x 103 (purple, no 
fecal recorded 

None (1 x 1.03 mold) 

Distribution Box 
16 x 10:) (4 x 103 fecal) 

ill 

o 
o 
o 

o 

o 

_ .. _ ...• _ .. _.-_ .. __ ._--_._----_ ... _--_._._-... ----_._------_._- ----_ .. -
# numbers of numbered tensiometer locations. 

Table 3.2.2.2. Bacteri.ologi,cal analyses, September, 1970 (low tension below 
seepage trenchl, .. __ ._. ___ ... __ ... ___________ . ______ . 

wcation Bacterial. Counts Irrt'\tl1 
---------------------EMB----- PeA 

2m ups1::>pe from trench (c::>ntx'ol) <Ja2 4 x 104 
80 em depth >1.0 

(#3 = 10 em below trench) 9 x 102 

(J'" - 25 cm below trench) <102 
1TC - >10 (""40 ) 

(#1+ = 10 cm to side of trench) 

(#7 = 30 cm to side of trench) 

#r1tJJIlberedtensianeter locations. 

250 

CoL\.nT 

6 1.2 x 10 

4 x 105 

1.8 x 106 

17 x 1.0
6 



Ierc:Jlati.:m test results sh:Jwed an average infiltratbn rate :Jf 3 min/i..nch 

(900 cm/day) (F:lg. 3.5.2.13 and 3.5.2.23). Test results sh:)wed that actual 

fl.:Jw rates were much l:Jwer. One must c:Jnclude that the infiltrat:lon rate 

established by the use :Jf clear water and a fresh s:Ji.l h:Jle, dQes mt yie.ld 

a repr'esentative figure f:Jr the real fl.:)w rates :)f effluent int:J soil as 

they :Jccur below a septic tank seepage bed. These lQW infi1.tratbn rates 

result fr:Jm processes :Jf unsaturated flow and have a very fav:)rable effect 

:)n the reducti:)n :)f am:)unt :Jf fecal micr'oorganisJllS in the soil around the 

trench. 

Tw:J seri.es :Jf micr:Jbi.:Jl:Jgica1 samples were taken. The fi,rst in July, 

when s:Ji.l moisture tensi.ona around the trench were as hi,gh as 80 mb. The 

results of the tests (Table 3.2.2.1) show that EMS c:Junts in samples taken 

10 cm bel:Jw the trench, were as low as contr:)l samples taken 10 meters away. 

This means that bacteriological purificatbn of effluent (fr':Jm a count of 

16 x 103 col:lf:Jrl!).&' (:Jf whi.ch 4 x 103 :l.s fecal.) i.n the effluent to mne 
./f.n.L.-

in the s:Jil, is accompli shed after perc:Jlation thr:Jugh :Jnly 10 cm :Jf s:Jil. 

Samples in September (Table 3.2.2.2) were taken after aerat:l.:Jn :)f the bed, 

resulting in a bwer crust resistance and a soi.l tension of 30 mbar. At the 

faster rate :Jf percolati.on, purification needed a larger volume :Jf soil. At 

10 cm below the trench an EMS c:Junt :Jf 9 x l~was made. At 25 cm below 
/"crf~ 

the trench the c:Junt was ab:Jut ~ still higher than :)rigi.nall.y bel:Jw the 
(j'r*-'n. 
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bed in July. At b:Jth dates c:Junts from samples taken at the sides of the bed 

were higher than th:Jse taken below the bed. Thi.s cmll.d indicate a faster 

movement :Jf effluent thr:Ju.gh the sidewal.l :Jf the bed. S:Jil. m:Ji.sture tensi.ons 

gave the same indicati:Jn. 



3.2.4. C~nclusi~ns 

Results ~f the research ~n the seepage field at the fuultry Farm can be 

summarized as foll:JWs. 

1. In July, 1970 the system was ~perating satisfact~ry ~nly because ~f 

a 1:JW badi.ng rate. Al th~ugh the effluent st~~d 20 cm deep in the bed, s~il 

m~i.sture tensi.~ns ar:mnd the bed were ar~und 80 mbar and infiltra:ti~n into 
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the s~il was very 1:JW. This i.ndicated the presence ~f a b~undary layer, called 

a "crust", ~f c~nsiderable hyd:raulic resistance. 

2. After the system was pumped "dry" and aerated f:>r about a ~ek, 

effluent waS absorbed by the soil at a faster rate than before. Suctbns 

were then at 40-50 mb in the surrounding soil. Apparently, aeration had per­

mitted partial. break··down ~f the crust, reducing i.ts hyd:raulic resistance. 

3. One week ~f p~nding after the perj~d Qf aeratbn was sufficient t~ 

restQre tensi~ns ar~und the bed simi.lar to thQse measured at the beginning 

Qf the experiment. 

4. Prxesses ~f unsaturated flQW were very effective in al.l~wing 

disappearance ~f fecal micrQQrganisms within very sh~rt distances fr~m the 

trench. 

5. Use ~f the results ~f the crust test and measurements ~f hyd:raulic 

gradi.ents in the s~il made it p~ssible t~ estimate i.nfiltratbn rates fr'~m 

the trench much m~le realistically than w~uld have been PQssi.ble frQm the 

results ~f the State PercQlati~n Test. Results shQW that there :i,s IlQ fixed 

relevant perc~lati.on rate that applies t~ the system. Rather, there is a 

range ~f p~ssible rates as a functiQn jf system management. 



3.2.5. The pr'0cess 0f S0i1 c1.0gging 

3.2.5.1. Intr:><iucti0n 

The study ':Jf the s0il disp':JsaL system at the P0ultry Farm clearly demon'" 

strates that the sh0rt term i.ni'i.ltrati.0n rate 0f clean water is n':Jt a g00d 

measure ':)f the long term capacity of a s:>il to accept effluent. A di.sti.ncti:>n 

has t:> be made between inf:i1.tratbn at the interface between s:>i 1. and Uquid 

and the p0tential perc':)lation rate ':)f water ':)nce :it has entered the p':)r':)us 

structure 0f the s':J:Ll. (McGauhey and Kr0ne, 1967). Hi.11.eI and Gardner (1969, 

1970a, 1970b) studi.ed the effect of impedi.ng layers 0n infiltrati:>n, i.n quantita­

tive terms, relating the infil.tration rate into crusted s':)il t':) basic hydraulic 

pr':)perties of the crust and the underlying S0:i1.. The effect of an :impeding 

l.ayer present :>ver the t'JP of a s':)11 c01.umn during infiltration is to decrease 

the p':)tential. head at the s0i1 surface, thus reduci.ng the driving f':Jrce, and 

to decrease the s':)i.l water c0ntent (and c':)rresp0ndingly the hydrauli.c c':)n­

ducti.vity) 0f the infiltrati.ng c':)lumn. The crust test procedure (Sectbn 2.:3) 

:is based ':)n these princ:i.ples. Pr0cesses ':Jf s':)il clogging at the i.nterface 0f 

s':)il and seepage bed create such an impedi.ng layer under the influence ':)f 

several fact:>X's (McGauhey and Kr':Jne, 1967, p. 39-'70): 

L The physi.cal fact0r. The f01bwi.ng stibfact0rs c0ntribute t':) c10gging: 

c0mpactbn ':)f s':)il by machinery at the si.te ':)f c':)nstructi':)n 0f a seepage bed; 

smearing ':)f s':)il surfaces by the excavat:bn equi.pment; c':)ncentration ':)f fine 

partic.les in the upper few centimeters of s':)il. by vibrati.0n duri.ng c0nstructbn; 

c0ncentratbn 0f fine par'tic.1es by raindr0p impact. 

2. The chemical fact'JT'. I':Jn exchange, after intr0ducti':Jn ':)fsodium thr':)ugh 

water s':)ften:i.ng, may lead t':) defl':)cculati.oll 0f clayey s0i.l at l':)w salt c':)ncen'" 

trati0ns at the s':)i1··'seepage trench interface. 
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.3. The bb10gical. and organic factors. A black, slimey concentrate of 

organic matter and associated mineral colloids and growths of microorgani.sms 

on the surfaces of walls of seepage trenches consti.tutes the most restrictive 

clogging layer of the system. 

3.2.5.2. Biologic c.l.ogging of in:f'iltraUve soil surfaces 

A typi.cal percolati.on rate curve for prolonged water spreadi.ng on a soi.1 

core is shown in Fi.g. 3.2.5.2 (from McGauhey and Krone, 1967). The first 

decrease in infiltration (Phase I) may be caused by slaking of the soil sur­

face, the subsequent increase (fuase II) may result from the removal of 

entrapped air' by soluti.on in the percolating water (Christiansen, 1.944) and 

the long-term decrease (Blase III) in perreab:i.1.i.ty results from mi.crobl.al 

activity as has been demonstrated by Alli.son (1947) .By applying sterile 

water to sterile soi.1s, he showed that Phase III does not occur i.n the absence 

of organisms and that the high rate achieved in Phase II is maintained i.ndefinitely. 

The microbial action involved i.n the decline i.n perreabili.ty (Blase III) is 

primarIly that of anaerobic organisms in accumulating organi.c matteri.al i.n the 

soil pores (McGauhey and \vinneberger, 1964). In well drained soils aerobic 

~)Iganisms are active in breaking down such compounds. This process is stOPped 

by saturati.on, even wi.th bacter-i.a-free water, and consequent blockage of gaseous 

di.ffusion of oxygen (Thomas, ~~ al. ,196~) i.nto and within the soil system. 

Dissolved oxygen carried down by water is inadequate in amount to maintain the 

aerobic environJrent necessary for decomposition of organi.c matter. The 

existence of reducing condi.tions at the wall of the trench is indicated by the 

dark gray to gray zone, as much as a few cm thick, in sandy soil adjacent to 

the black shiny coating. 
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Thomas, et al.. (1966) studied bio log:.cal clogging or sand in lysime ters, --
that were dosed at a rate or 5 gallons/dr'S/sq. ft. A sharp decline in incfU-· 

tration rate coinci.ded with the onset or anaerobic conditions as indicated by 

cessation or nitriri.cation. Su1ride accumulati.on resulted :t'!'Qm the anaerobic 

enVUQnment and was not considered to be a primary cause or clQgging. The 

clogging mechanism under anaerobic conditiQns was correlated with build-up 

Qr hi.gh cQntents or polysaccharides, polyuronides and organic matter in the 

rU'st cm or the SQil, that accounted ror 85% or the total impedance over a thi.ck-

ness or 0-6 cm of SQil. The recovery Qr the incfiltratiQn rate after aeration 

resulted from destruction or the cbgging cQn1pounds that had accumulated under 

anaerobic cQndltiQns. Mitchel. and NeVQ (1965, as ci.ted by McGauhey and Krone, 

1967) also showed a positive correlatl.on between accumulatiQn Qr p::Jlysaccharides 

in the SQil profile and reduction or its inriltrative capacity. These wQrkers 

suggested the Qperation or a dynamic equUibrium at any level Qr aeration 

between PQlysaccharid -producing organisms (anaerQbic), and polysacchar:i.de-

destrQying organisms (aerobic). 

HaTrie et al. (1966) demonstrated an increase ::Jr soil aggregate stability 

in sur race s::JU after additbn Qr SUCI'::Js€, as a result Qr microbial productbn 

or ::Jrganic compQUnds, both under aerobic and anaerobic conditbns. Rates Qf 

dec::JmpQsition under aerQbic cQnditi.Qns ::Jr compounds that were prQduced anaerQbically 

proceeded rapidly at temperatures over l5
Q

C, and much sbwer at lower temper-

atures. Decon1positl.on and syntheSis Qf the Qrgani.c compounds is accomplished 

not by a single type or bacteria but rather by a populatiQn or types as determined 

by envir::Jnrnental. conditi::Jns. Si.nee similar processes or rormation Qf' Qrganic 

cQn1pounds under analSrobic conditi.ons can be expected to obtain in biogenic 

crustsbelQW seepage beds, results rep::Jrted by Harris ~~, al. (1966) should also 

apply to the s::Jll clogging pr::Jblem. This means that research erf'Qrts should 

f'ocus on environmental properties in the soU and related microbiQl.ogical. 

activity as they acff'ect the hydraulic reSistance of' crusts at any specjcfic time. 
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.3.2.5.3. C:mclusion 

Ievelopment of anaerobi.c conditions in soil, immediately below 

and around a seepage bed, I,eads to the production of organic compounds that 

clog the soil pores at the interface. Jlogging increases the hydrauac 

resistance of the soU, thus reducing the infHtration rate into the adjacent 

unclogged 80i1, that as a result may become unsaturated even when the seepage 

bed is filled wi.th effluent. Some clogging may be beneficial in sandy soHs 

because it slows the flow of effluent into the soil, and helps maintain the 

unsaturated and aerated condit:!.on that j,s favorable to decomposi,tion :)f organic 

waste. To:) much clogging, however, may increase the hydraulic resistance so 

much that the infi,ltration rate is reduced to negagibly low values (see 

Section 3.2). Dosing (i,ntermittent application) of effluent may be necessary 

to allow for periods of aeration during which :)rgani,c materials in the crust 
, 

can be broken down,thus restoring the infi,ltrative capaCity (Sectbn .3 .2). 

Systems placed superficialJ.y in soilS wi.th high permeability may work quite 

we.U without a dosing regime (see Section '3.4.2). In either case, however, 

a better understandi,ng of the relevant processes is needed in quanti,tative 

terms to estimate the hydraUlic resi,stance of a "crust" as a function of the 

dosing regime, effluent quality and soil propert:!,es. 



Ph~t~ 3.3 Air vent (A) at the l~r part of the soil abs~rption system in Ontonag~n clay. 
Raw effluent (E) is flowing from the system because low c~nductivity of the s~il d~es n~t 
permit it to absorb the liquid. 
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3.3. Soil abs::>rpti:m system in ontonagan sl.1ty clay bam near Ashland., Wisconsin 

3.3.1. Intr::>duct ion 

The purpose of this i.nvestigati::>n was to assemble quantitative data from 

a soil abs::>rpti::>n system that di.d not :tuncti.on properly, because ::>f the restricted 

permeability of the 6::>i1. This system was constructed in the spring :>f 1970 

and was investigated in the f::>l1:>wing August. The 1:>ca1 c:>nditbns are 

representative :>f 2,500,000 acres :>f red clayey s::>i1.s in northern and eastern 

Wisc::>nsin. A cr::>ss sectbn :>f the system is shown in Fig. 3.3.1. The upper 

surface :>f the gravel bed was at a depth :>f 36" (90 cm) in the B3 h::>riz::>n and 

was c:>vered with a black sheet ::>f plasti.c t::> intercept m::>i,stut'e m::>ving down 

fr::>m the t::>psoil thr::>ugh the fiU of the trench. The envestigat::>rs made a deep 

excavatbn next to the seepage bed (see Fig. 3.3.1) to expose a representative 

portion of the s::>i1. surrounding the system. Effluent was f::>und to be ponded in 

the 45 cm thick gravel bed to a level of 10 inches (25 cm) above the bott:>m. 

The bad:!.ng rate of the system was estimated to be 180 gallons/day. Soil 

moisture tensions were measured around the gravel bed and saturated hydraulic .. 
conductivity was determined with the B01rwer double tube method in the main hori·, 

zons of an adjacent undisturbed profile that was als::> described (see sectbn 

6.1) and physically anal,yzed (Fig. 3.3.1a and 3.3.lb). Three state perc::>latbn 

tests and a crust test were made at the level ::>f the seepage bed in the B3 

horizon. Soil abs::>rptbn was insuffi,c1ent to dlsp::>se of all effluent introduced 

int::> the system as was evidenced by conSiderable seepage of raw septi,c tank 

effluent t::> the sur face and d::>wnsl::>pe from the l::>wer end of the seepage bed, 

near the air vent (see ph::>to 3.:3). N::> bacter:!,::>l::>gi.cal analyses were made due 

to transp::>rtati::>n problems. 
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3.:3.2. Results and Di.scussbn 

Results ~f the State Perc~lati~n ~est and the Bauwer-K measurements are 

rep~rted in Table 3.:3.2. Fig. 3.3.2 gives the result ~f the crust test 

measurement. 

Table 3.3.2. lfydraulic test results ~f an Ont~nag~n silty clay l~am rear Ashland, 
j.[isc~ns.:!n. 

S~il h~riz~n K t (Bauwer te st) Perc. '""te-s""'t-------·---·--' 
______ .. ___ ... _____ ~. (em/day) _. __ . .J..§tate Perc. Test: min/inch) . __ 

A2 

B2 

B3 ------_._--, 

20 

4 
n~ test 

n~ test 

1400 ----,-_. __ .. _----_._-
~e result ~f the State Perc~latbn Test shows that the perc~lati.~n rate 

is much slower than the critical value of 60 min/inch . Acc~rding t~ the 

state law, theref~re, the site is n~t BuUable f~ a s~il d:!,sposal system. 

The exact measurements of hydrauli.c c~nduct:i.vity and m~isture tensi.~ns ar~und 

the seepage bed c~n:f'j,rm this conclusi~n. S~il m~i.sture tensbns ar~und the 

bed (6 mb) were near saturation. The b~tom area ~f the trench is 15 x 0.75 = 

11.25 m2 , the sidewall area in c~ntact with effluent is 2 x 1.5 x 0.2 m2 + 

2 2 2 x 0.75 x 0.20 m = 6.3 m. The hydraulic c~nductivity at 6 mb sucti~n at 

the depth ~f the seepage bed is 1 _/ day (Fig. 3.3.2). Assuming a hydrauUc 

gradient ~f unity, b~th vertically (because ~f gravity) and h~riz~ntany 

(because ~f capillary f~rces), t~tal flow can be estimated as 17 liters (4 

galbns) a day. This is such a low am~unt that f~r all practical purposes, 

the s~j.l can be considered impermeable. ~us, the m~st basic c~ndUbn f~r 

a s~ll abs~rpti~n system i.s not met. Alternati.ves at this site would be to 

construct the seepage bed closer t~ the surface, where conductivity and 

p~r~sity (Fig. 3.3.1a and b) are higher, or perhaps, to build a m~und system 

(see Secti~n 3.6). This site seems suitable for a mound system, because ~f 



the relatively high conductivity, high poros:!.ty and low bulk density of the 

upper soil hor:!.zons to a depth of 60 em. Moreover, the site is located on a 

gentle s~ope that would make ~ateral seepage of eff~uent through the topsoil 

quite likely. However, more study of experimental mound systems wU~ be 

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



Ph~t~ 3.4.1 Abs~rpti~n field in Plainfield l~amy sand at Hanc~ck. 
The septic tank (8) is near the h~use, the tw~ airvents (A) mark the end ~f the seepage bed 
(see diagram ~f the system, Figure 3.4.1). 
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3.4. 8:>il abs:>rptbn systems in P1ainfi.eld l:>amy sand 

Tw:> systems :>f d:Lfferent age were stud.i.ed in the same t~ :>f SGil, t:> 

:>btain data :>n effects :>f aging Gf septic tank drai.nage beds. 

systems aX'e expected t::> wGrk fGr a periGd Gf 15 tG 20 year's 

1960) . 

Generally, 

(C:mlter ~~ a1., 

3.4.1. The system at the U.W. Hanc::>ck Agricultural Experiment 8tatbn 

3.4. L 1. Intr:>duct :bn 

This very large system was bui.lt in 1969, and had functi:>ned qui.te weJJ" 

,Ie investigated this system i.n ,July, 1970 (PhGb 3.4.1). A large pi.t (Pit A) 

was dug next tG the seepage bed, the bGtbm Gf which was at 6 ft. belGW the 

8:>i.1. surface (Fig" 3.4.1) tG enable f1:JW :>f l:i.quid fr:>m the septic tank i.ntG 

the bed by gravity Gnly. TIli.s great depth Gffered many technical pr:>blems, 

as the sand walls ::>f the pit caved i.n severalt:!mes, even when braced. The 8:>il 

ar'::)Und the seepage bed had a relatively dry appearance at Pit A. After exea" 

vatiGn it was fGund that the gravel in f;he bed was stiLl. clean and that 

effluent had mt yet reached this far alGng the trench. We may c:>nclude that 

oor'e than half ::>f the length Gf thl.s bed, and presumably Gf the Gther :>ne (mt 

investigated) had mt been used f::>r effluent disp:>sal dur'ing the fi.rst yeaX' 

::>f ::>perati::m ::>f the system. T-w:::> additbnal pits (B and C, Fig. 3.4.1) were 

dug closeT' t:> the septic tank. The trench c::mtained effluent at b::>th l:)cati:)ns" 

Tensi:)ns measuTed ar:>und the trench at Pi.t B are pl:)tted in Fig. 3.4.1. Samples 

f:)I micr::lbbl::lgical analysis were taken at PUs C and II and at three depths in the 

septic tank. A crust test WaS made at the 90 em depth in Pi.t A, in whieh the 

8:)i1 pr:)file was described als:).. Tw::l BGuwer tests were made at the 120 cm 

depth i.n the undisturbed sc>i.1 surr:)unding the seepage bed. Undisturbed large 

C::lre samples were taken fr::lm the s::lil at the same depth as the gravelbed, 

:for determination of m:)jsture retentbn characteristi.es, p:)l'osity and bulk 

density. 
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3.4.1.2. Results 

Results c;,:f the state Percc;,latic;,n andB::mwer Test are presented in Tabl.e 

3.4.1.1. Crust test data yielded the curve c;,:f Fi.g. 3.4.1a. 

Table 3.4.1.1. Hydraulic cc;,nductivity (K) and Hiscc;,nsin State Perc01atbn 
_. __ .____________ Te st .J!'~~~~~k~ ___ ... ____ ._. _________ ._ .. ___ . _________ . ____ . __ . __ . _____ ._ .. .,. 

fuuwer-'K (cm/day) State Perc. Test (min/inch) 

c (90 cm) 300 2("'l600 cm/day) 

Fig .. 3.4 .lb presents data ::m phys:i.caJ. chalacterlstics c;,f the C hClrizc;,n 

that sUI'Ic;,unds the seepage bed. Results c;,f micrClbbbgical analyses are i.n 

Table 3.4.1.2. The seepage bed was 6 feet bebw the surface, and this 

created eClnsiderable diffi.culties wi.th sampUng, as the deep h:Jles caved in 

several times. The number c;,f ClbservatlClns wi.th tensic;,meters is therefClre 

rather Umited.. At 5 cm bebw the trench the bw sc;,il m:Ji.sture tensbn :Jf 

8 mb was measured indicating the presence c;,f a weak crust. At the 35 em 

depth, tensic;,n was 25 mb. G':rust test data (Fig. 3.4.1a) shc;,w that at 8 mb, 

K is abClut 30 em/day.. The hydraulic gradient bebw the trench i.s abc;,ut l~, 

sc;, the amClunt Clf fbw is estimated at a rate Clf abClut 45 cm/day. This is a 

relatively high rate whi.ch de:Jes nClt permit purificatbn ::>f the liquid in 
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the distance Clbserved. Thi.s system was the Clnly c;,ne, Clf all systems investi-· 

gated this seas::>n, i.n which such a high cClntent c;,f mi.crClc;,xganisms existed at 

a distance Clf 30 cm frc;,m the bed. Unf::>rtunately, nCl samples cClu1.d be taken 

belClW the level ::>f tensiClmeter 3. 

3.4.1.3. D:i.scussbn c;,f micr::>bb10gi.cal data by H. A, Ziebell 

He ::>bserve flClm thi.s study that the pc;,pulati.Cln 0f cCllifClrm c;,rganisms 

remains at a fail'ly cClnstant level in the li.quid :1.n the septic tank, in the 

trenches and in the SCln immediately bel.0W the trenches. Data frClm the 
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Table 3.4.1.2. Bacterjol~ica] analyses of septic tank effluent and s::>11 around 
the seepage .• bed .... _._. _____ .. ___ .. _. _______ , __ ... _. __ ...... __ ._ .• , __ 

co"-~, P€J' ct"""'"" EMS PeA 

4 8 x 10 

m 

o 

l.l x 104(fecal 
on 103 plate) 

6 
92 x 10 1240 

(6 x 102mo1ds) 31 x 104 0 
(many appear 
as aetitlefl) 

(11 x 10
2

) 2 x 10
6 

0 
(aetines) 

(2 x 103m::>1ds) 6 x 105 0 

(3 x 102mo1ds) 12 x 105 0 

13 x 104 (fecal. 
types ::>n 102 

plate ) 

4 x 104(pink) 

»104 

4 
1.7 x 10 

236 x 10
6 

24 x 10
6 

o 

o 

% Soil Moisture 

4.6 

9.7 

3.8 

4.2 

4.3 

9·5 

6.7 

3·3 

Notes 

Control, 140 em depth, 1 m 
fr::>m system (near Pit OJ. 

Effluent fr::>m Hne (::>bta:ined 
from a leak th:r::>ugh the si,de 
::>1' the treneh.' 

Above bed. N::>te: plast:i.c 
1il".er over the trench. 

10 em above bed (Pit 0). 

At s:i.dewal1 ::>f bed. 

10 em at the si,de ::>f' 
the bed. 

Immediately belaw bed (Pit 0). 

10 em bel::n. bed (P:i,t 0)" 

5 em bebw bed (Pit B). 

30 cm bebw bed (Pit B). 

Co",-,,'\ po-v IYI£- Samples fr::>m the septg .. ~Jsample!! 9/30/(0) 

3 6 130 57 x 10 75 x 10 420 30 cm int::> tank. 

(18 fecal) 

1''60 48 x 103 

(13 fecal) 

I\xJ 46 x 103 

(15 fecal) 

6 
90 x 10 390 60 em depth. 

6 24 x 10 100 90 cm depth. 



Hanc"ck site gave an average of 5 x 104 coliform organisms per ml ,,1' liquid 

"r per gram ,,1' dry s"il. Contr"l sampl.es taken at a distance ,,1' approximately 

1.5 raaters from the trench and at a depth of 1.25 raaters reveal.ed n" coli­

forlns (but a very large number ,,1' rolds) on 1.0-2 dilution plates. Production 

of antibi"tic substances by m"lds, acti.llomycetes alld some bacterial species ,,1' 

the s"i.l m1crof.10ra may be significant 1.n reducing c"liform numbers. 

T"tal bacterial c"unts ,,11 PCA agar gave abQUt 66 x 106 organi.sms per m1 

in septi.c tank effluent, 92 x 106 "rganisms per m1 :i.11 the trench ti.le Equid 

and 8 x 1.04 "rganisms per gram of dry soil in the control sample. Sampl.es taker; 

immediately bebw the trench gravel layer (within 2 em) gave total c:lUnts of 

1.84 x 106 t" 236 x 106 organisms per gram ,,1' dry soil. These relatively 

higb c:JUnts imply an increase ill bacterial populati.on either by multiplicati"n 

"r by accumulat1"n thr"ugh adsorpti::>n. The c"unt dropped t" 55 x 106 "rganisms 

per gram ,,1' dry s"i.1 at 10 cm and 24 x 106 organism per gram at 30 cm below 

the trench gravel in this sandy soil. The fact that the c"liform t"tal count 

remains at about 105-10o/in this part ,,1' the soil pr"fi.le suggests ·that this ./;f ",,,",,, 
h1.gb populati::>n is mt due to true c"lif"rm "rgan:!.sms but rather t" S::>nJe "thers, 

e:!.ther ,,1' s"i.l "rig:i.n "I' "r1g:!.nating fr"m the septi.c tank. 

C"unts (as read by sheen f"rmatbn "nEME plates) ,,1' fecal c,,1.1forn 

bacteria in samples of the septic tank effluent were in the range of 12 x 103 

to 18 x 10.3 "rgan:i.sm per ml.. In effluent from the trencht"tal c"1i.f,,rm 

c"unts ,,1' 11 x 1.0
4 

per ml were rec"rded wi:th eVidence ,,1' green sheen cj1.oni.es 

"n "nly 10'·'.3 d:Lluti"n plates *. (i.e. l!:lUuts in range ,,1' :mly L03per ml). In 

the drainage fi.eld n" fecal. c"l.i.form "rganisms were observed :In soi .. 1 at depths 

,,1' 10 em "r m"re belQ'W the trench. Non'·'1'ecal and :intermedi,ate coli1'"rms were 

found "n the platings from s"il to a depth of 30 cm be1"w the trench at the 

Hancock site. Thi.s seems t" indicate that fecal. bacterlal. :!.ndicators are n"t 

~-'-.'-- -.3 ' 
Di1uti"lls ,,1' 1.0 were the l."west used because at greater dilutions i.t was 
found that s"il interfered with the c,,1::>r react:!,,,n "n Levine IS EMB agar. 



Table 3.4.1.3. Survival elf~. Celli in varlelusly treated septic tanK effluent. 

Date 
=~, 6 . A6 6 B 6 6 C 6 
PeA (x19'111l1J___~MB{xlO Lrnil ____ £'g&xlO / rnll__li:!IlJ:lC§:L9 / ml L____Pc:.&{xlO / mlL ___ EJ.1:BCxlO Lm_l) 

8/12 

8/13 

8/15 

8/17 

8/19 

8/21 

8/25 

120 

130 

200 

430 

110 

»1 

38 

2 22 

50 110 

1-10 120 

20 »10 

0·9 170 

8 »1 

<105 107 

A = sewage, sterilize d by millipelre filter (0.47 micreln filter) 

B = heat-sterilized sewage 

C = neln-sterilized sewage 

The sewage waS elbtained rrelm a septiC tank distribu't;ieln belX. 

3·1 1-10 

530 120 

>10 35 

90 39 

100 22 

161 >105 

5 >104 

3 

12 

<105 

<104 

8oxl03 
Nelne 
Fecal elrg. 

10-10 

Each was inelculated with a 1% inelculum elf a suspensiCln elf Escherichia cole ATCC 4348 grClWn in a br::>th 
of 5 grams pept::>ne and 2 grams gluc::>se/l to approximately 109 organismsjml. 

--l 
Vl 



moving far int:> the sail af the absorptian field but that ather bacter ia 
;'"'5; Ip Iy 
~. 1'rate~ and Pseuda~ sp. (which can grow an the EMB plates) are 

pI'esent. ,lhether these are true "cali,farms" fram the sewage ar are "cali-' 

farms" fr::>m the sail remains ta be explai,ned. The literature daes shaw that 

1::,. §!:.!.age~!1. type cali,farms are present in nature and it is possible that 

even thase in the sewage can survive and graw. Relatively high inf'iltrat:i::>n 

rates ::>f effluent (Sectian 3.4.1.2) may be a factar in increased penetratian 

af ca1iform bacteria in this sandy sa:U assumi,ng that these arganisms are 

ariginating fram the effluent. 

Anather paint af interest is that samples taken adjacent ta the sides 

of the trench and abave i,t praduced predaminant mald growth an Levi,ne IS EMB 

agar' and PCA agar, but m califarms were recorded wi thin the diluti,ans (10"2 

ar 10-3) plated. 

A decrease in the number ::.f mi.cI'aarganisms may alsa be caused by natural 

di,e-'aff in effluent, whiTe standing in the trench. A separate exp;lriment 

was theref::>re c::>nducted t::> investi,gate this aspect. 

Di,e-aff within 3 t:> 7 days af a known fecal caliform strain was abserved 

after its inaculatian inta nan"sterilized sept:!,c tank effluent (Table 3.4.1.3). 

Iwani (1966) reparted a die-aff af a knawn 12 • .s2li and a !2trept::>c::>CCU!!, ,f~~ 

strai,n in aerated manure ,later fram appr::>ximately 2 (106) E o,,£,./ml ta 
4 ,6 4 

5 (10 ) E.£./ml and 1. x 10 S.,r../m1 ta 4 x 10S.t./ml in 5 days. F:!.eld 

evidence in suppart af this was abtained i,n the study :>f maund System 1. (Sec. 

3.6.2) where effluent in the maund, well abave the graundwater tabl,e, had na 

abservable fecal. cal:Lfarm cantent. This effluent had nat yet percalated thraugh 

8:)i1. 



At Hancack,§treptacaccus caunts taken an m···Entel'acaccus agar gave 

100-·500 al'ganism/ml far effluent fl'am the trench tile line _ Seldam -wel'e any 

detectable in the field bebw the trench, hawevel'. 

It is interesting ta nate that the appraximate Stl'eptacaccus. numbers in 

6 fresh human feces is abaut 3 x 10 per gram (Kenner ~~ a1., 1960). Thus 

the range af caunts :in the sewage here is indicative af very U.ttle survival. 

Th:i.s t:>a jmpl.ies that a great die-aff af StreptaS2££1 must be accurr:i.ng fr:>m 

the t:i.me the effluent reaches the tank til.l. it maves inta the absal'ptian 

field (tank retentian t:i.mes have been estimated at 1-3 days dependj.ng up:>n 

size af the family ar facility served, size af tank, aJllaunt af water used, 

etc. ) . 



Ph~t~ 3.4.2b Abs~rpti~n field in Plainfield l~amy sand at Friendship. 
The l~cati~n ~f the seepa~ beds, which were filled with effluent, is clearly marked by lush 
gr~wth ~f grasses (G). An excavati~n (E) was made next t~ the middle bed f~r purp~ses ~f 
sampling and measurement ~f s~il m~isture tensi~ns (see diagram ~f system, Figure 3.4.2). 
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3.4.2. System at Friendship, Wisc~nsin 

3.4 .. 2.1. Intr~ucU9n 

This system was built eleven years ag~. J.nvestigatbns were made in 

September, 1970.. Despite very high bad1ng rates, est1mated t~ average ab~ut 

600 gall:)lls per day, there had been llQ pr'~b1ems with this system. A top vi.ew 

and cr~ss sectl~n ~f the system are sh:Jwn in Fig. 3.4.2. Abundant gr~wth ~f 
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grasses ab:)ve the trenches (Ph:Jt~ 3.4.2b) indicated subirrigatbn with eff1.uent.. 

The distributbn b~x ~f the system (Ph~t~ 3.4.2a) was :Jf spec1al c~nstructbn, 

with half'"'inch vertical, spacings ~f stepped ~utlets t~ the three seepage beds. 

A pit was dug next t~ the central bed i.n the three-bed system after' it was 

~bserved in the d1stributbn b~x that effluent was standing in a1.1 beds. S~il 

m~istuI'e tensbns were measUI'ed aT'~und the bed (Ph~t:J 3.4 .2c). Physical 

analyses (Of this ped~n and crust test results aT'e similar t~ th~se ~f the 

Hanc~ck ped(On (Sectbn 3.4.1). Tw~ s~i1 perc~latbn tests were made at 80 cm 

depth i.n the ped~n, and a representative pr:Jfile was descr:i.bed. Samples 

were taken fr:Jm the s~i1 ar~und the trench f~r m:i.cr~bi~l~gical analyses. 

3.4.2.2. Results and discussi~n 

The peX'c~lati:>n rate, determined by the State Per c~lat:bll Test, was 2 

min/inch (""1800 em/day). Real, fbw rates fr~m the bed into the surr(Oundi,ng 

s:)i1 must be much b~7er t:) acc~unt f~r the presence ~f liquid il1 the trench 

at a bading rate :)f 600 gallons/day. The t~tal b:)tt~m area :Jf the three beds, 

(aU fined with effl.uent t~ a level ~f ab~ut 40 cm) was 87 m2 . Si,dewal1s 

2 prClVide an additi~nal absorptive area ~f 1,80 x 0.4 = 72 m. S~U m:>isture 

tensi:)ns were 20 mbar bebw the bed, and increased fr~m 23 t:> 36 mbar' at 

the sides. Kat 20 mb is 2.5 cm/day (Fig. 3.4.1a). Vertical infiltrat:i::m 

can then be estimated at 540 gall:)ns/day (vertical grad1ent is unity). 



Ph~t~ 3.4.2b View ~f distributi~n b~x with lid rem~ved, sh~wing inlet fr~m 
septic tank (8). Three pipes ~f which L is clearly visible 
lead t~ the three legs ~f the seepage field. These pipes leave 
the b~x at different levels: pipe (L) is ~ne inch higher than 
M, which is ~ne inch higher than R. 

Apparatus f~r field measurement ~f s~il m~isture tensi~ns (see 
als~;Figures 2.3.3d and e). The 1/8 inch plastic tubes (T) 
are filled 'vith water and c~nnect pe nc il-sized tensimeters 
(inserted int~ the s~il at p~ints 1, 2 and 3) t~ mercury cup M. 
M~isture te nsi~n in the s~il is determined by readinG the 
equilibrium level ~f the mercury c~lumn in the tube al~ng the 
calibrated scale, S (se~ Secti~n 2.5). 



Table 3.4.2. Bacterbl::>gical. analysis ::>f effluent and s::>il samples aI'::>und 
.. _. __ . ____ . ___ the seepage bed. _________ _ 

Sample number 
and l:lcati::m+ 

Ba£~!al. c::>untsA"Ic"" 

EMB*' PCA m 

·----··;-·----··-·--···--··-·····--~-:-~;2----·--·----····--5 x li)-------·-·~-·· 

II J x 102 220 x 10
6 o 

III <10
2 6 10 many m::>lds o 

>10 

IV <102 1.7 x 10
6 o 

>10 

C::mtr::>l <10
2 5 x 105 o 

>10 

Distributbn B::>x 46 x 103 
(31 x 1.03 fecal) 

27 x 10 
6 o 

_ .. _-_._--_._---_ ..• _. __ ._------_._--_. __ ._---_ ..... -._-._--_ .. __ ... __ ._-

* m :fecal c::>1.if::>rms present unless ::>therwi.se :!.ndi.ca;ted 

+ 4 see Fig. 3 •• 2. 
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Horizontal potential gradients are small (ab::>ut 1/3). Fl::>w i.s estimated at 

125 gall::>ns/day. C::>mbined vertical and h::>riz::>ntal infiltrati::>n is therefore 

ab:mt equal t::> estimated l::>ading. Micr::>biological data (Table 3.4.2) show a 

str::>ng decrease i.n EMB c::>unt as a functi.::>n of distance fr::>m the seepage bed. 

Numbers similar t::> th::>se i.n a c::mtr::>l sample, taken several meters aWay fr::>m 

the trenches, were c::>unted i.n samples within 50 cm from the~system. These 

figures sh::>w that in thi.s particular s~il colif::>rm content ::>1' the trench 

effluent is significantl.y I'educed after perc::>.lation thr::>ugh a relati.vel.y 

small volume of s::>1.1. This is achieved because of the impedance by an 
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::>rganic crust at the interface ::>1' s::>i1 and grayelbed, inducing a s::>i.l moisture 

tensi::>n ::>1' 20 mb in the underlying 8::>11, even th::>ugh the bed is f:!.U.ed with 

effluent. Result:!.ng slow movement of effluent int::> the unsaturated, aerated 

s::>il is favorable f::>r puri.fi.cati::>n. Moisture retenti::>n data presented in 

Fig. 3.4 .lb sh~s that 15% ::>1' the s::>i.1 v::>lume is filled with atr, at 20 mb 

suct1::m. The c::>mpositi::>n ::>1' this air is unkn::lW1l. However, ::>nly large pores 

are fil.led with air at such a sucti::m, and it can be hypothesi.zed that c::msi.d­

erable atm::>spheric ::>xygen diffuses through these p::>res. Distances of difl'usi.::>n 

are relatively small in this superficial. system. Accumulati::>n of ::>rganic 

c::>mp::>unds resulting fr::>m anaerobic processes will be limited in such a relatively 

aerobic soil envi:r::>ument (Secti.::>n .3 .2. 5). As a result, crust deve.l::>pment is 

also limited and only a m::>derate impedance devel::>ps. Thi.s system is very 

interesting in that i.t d::>es not need a dosi.ng cycle t::> function properly even 

when ponding effl.uent persists in the trenches. 



'3.5. Eval.uati::m Qf the W:i.llcQnsi.n State PercQlatiQn Test PrQcedure 

3.5.1. lntXQductiQn 

Suitability Qf a site for the cQnstructiQn Qf a septic tank disposal 

system is determined Qn the basis Qf slQpe Qf the area, level of the water 

table, depth tQ bedrQck, if any, and a mandatory percQ1.ation test (State 

fuard Qf Health, 1969), (see Section 2.1). The percQlation rate is expressed 

in the number Qf mi.nutes required for the water to fall one inch. This value 

can be translated into the mQre CQmmQn physical. uni.ts Qf em per day by cal.cu­

lat:I.lIg the ratio between 3600 and the number of minutes per inch. Estimates 

Qf required dimensions Qf the future system a.re based on the perco1.at:l.on 
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rate, if less than 60 minutes per inch, and predi.cted loading rates of the system. 

'Ihese estimates can be reliable only if 1) the test procedure itself gives 

respxesentative and reprQducible results for each lQcation, and 2) if such 

results apply to the real physical cQnditions in and arQund an Qperating 

disposal system. 'Ihese two aspects will be considered separately in the 

fQ 11 ow i.ng • 

3.5.2. Vari.ability of test results; cQmpaxi.son m.th methods 

'Ihe method to determi.ne the perco1atiQn rate (State Board of Health, 

1969, Secti.on 2.1) has been studied by many authors (see revi.ew by McGauhey 

and Krone, 1967). CQrrelations Qf percolati.Qn tests with soH prQperties 

were studi.ed by ])err ~. a1., (1969). 'Ihey report results of several. thousands 

Qf tests, made in Pennsylvania. At any gi.ven site 3 tQ 6 tests were made. 

'Ihe c:lefficient of variability for replicate tests on Qlle s:!.te varied frQm 

0-253%, with an average Qf 73~. Variation between sites was slightl.y higher 

than vax'iation wi.thin a site. The percolati.Qn rate was PQssiti.ve.ly correlated 

with the clay c::mtent of the subson and the drainage class. The authQrs 
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c::mcluded that the very high variability of results makes the test qui.te 

unreliable. Mokma (1965) demonstrated considerable seasonal variations in 

test results. 

Results of the present study are reported below wl.th respect to: 

1. Range of variability of test results. 

2. The seasonal variation of percolation test results. 

3. A comparison of results obtained by the offl.ci.al test procedure 

(which allows a faHing water level) with results obtained by a 

procedux'e i.n which a constant water l.evel :l.s mainta:l.ned in the test hole. 

4. A comparison of the percolati::m test resul.ts with K-values determined 

by the Bouwer double tube procedure. 

Investigations were made in sevel\! soil horizons, as indi.cated in Table 

3.5.2 and corresponding fi.gures. Variati.on of test results is expressed as 

the coefficient of variabi.l.ity, that gives the standard devi.ation S of test 
f .. __ .•. ::--:\ 

results as a percentage of the average '~= ~~-xr~.). At each site the 

individual test holes were made withi.n an area n-.1 of 25m2 ("" 225 sq. ft.) 

The di.stance between hol.es was always more than 1.2 m (4 feet). 

The infiltration cur'ves, as determined in the fj.eld (Fi.g. 3.5.2 •. 1) are 

given for the official State Percolation Test Procedure (SPr) and for the 

Constant,'Level Percolation Test procednre (CLP1') (Figures 3.5.2.3 through 3.5.2.23). 

Data derived from these curves are presented i.n Table 3.5.2 for 7 pedons. 

The SPr data of the 1970 field season include the rates as measured after 2, 

4, 6 or 8 hour s of wetting on the second day. The value observed after 3~ t::> 

4 h::>urs on that day is taken as the ::>ff:l,cialperc:::llaUon rate. JnfHtratbn 

rates "ere al.so :rec:::lrdsd duri.ng the "6:::laking peri:::ld" of the prev:i.ous ("the 

first") day. SPr data for the 1969 field season (Bouma ~~ a1.., 1970) were 

calculatsd fr::>m the rate of fall :::If the water level after 4 h:::lurs on the 

sec:::lnd day, as directed in the test pr:::lcedure. 
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The c~f'f'icient ::>f' variab:Ll ity (CV) was calculated f'::>r replicate SPr 

measurements at every l::>cation f'or each f'ield season separately and f'or all 

values c::>mbined. The C::>nstant Level Percolat:l.::>n Test (CLF!') vIas d::>ne 1.n 1970 

::>nly. GV values f'::>r thi.s test, theref'::>re, only apply t::> the spring season 

::>f' 1970. 

CV values were al.s::> calculated f'or each individual hole used f'::>r a 

SPr ::>r CLF!' determinati::>n, expressi.ng the variab:il1ty of' readi.ngs ::>n the sec::>nd 

day after 2, 4, 6 and 8 hours. Thi.s CV value, calcul. ated ::>Illy f'::>T' the 1970 

data, made p::>ssi.ble an evaluation ::>f' the si.gnifi.cance of' the requi.red arbi:trary 

f'our hour perj.::>d of' measurementdur:ing the second day. Hydrauli.c c::>nductivities 

(K) measured with the Bower double tube apparatus in both summer and f'al.l of' 

1969 and the spring ::>f' 1970 are reported here f'or each horizon, abng with 

their CV values. 

The seven horizons represented :!.n Table 3.5.2 are referred t::> by number 

:i.n the text, Viz. No.2, No.5, etc. 

The f'oll::>wing c::>nclusions can be drawn f'rom the assembled. data: 

(1) The GV values ::>f' the State Percolatbn Tests i.1l the summer alld f'aU of' 

1969 vary bet"een 10% (No.5) and 100% (No.2). The averagewas 50%. When 

all values f'::>r each h::>rizon are c::>mbined, the range is 40% (no. 4) to 

90% (N::>, 2), wi.th an average ::>f 57%. This i.s a high value al.th::>ugh 

stin lower than the 73% reported by Derr ~! al. (1969). It means that 

an average per·c::>lation rate of', f'or examplS, 20 min/inch has to be read 

as being between 31 and 9 min/inch w:!.th a pr::>bability of' 68%; s::> there 

is a chance ::>f' ::>ne 1.n three that values ::>ccur even ::>utside this rang-e. 

Al.l horiz::>ns included in ::>ur experiments -were in relatively hCltllQgeneQus 

well drained materlal.s, except f::>r the B3 Qf' the St. Charles-Batav:l.a 

si.It loam eN::>. 2). This h::>riz::>ll was close to the interface between 

leached loess and glac:l.a1 till, which may account f'or its quite variable 

behavi.::>UI'. But even when thi.s horlzQn is excluded, GV is still 11::> less 



50%. The greater part of th:!.s high var:!.abil:1ty i.s due to the heterogeni.ty 

of .the natural soil. Some of it, however, is the result of .the measure-' 

men.t procedure (see item 3, below). 

(2) Seasonal differences in SPI' results do not show any consistent pattern. 

Similar rates were measured in spring and late summer in No.1; higher 

rate s :1 n spr:Lng in No I s 3, 4, aJld 6 and lower :i.n No I s 2 and 5. Differe nce s 

do not correspond ;ri..th the init:l.al soil moisture contents before soaking. 

For example J in the spri.ng the rate was higher in No.3, although the i.nitial 

moisture content of the horizon was highest in that season. The rate in 

No.2 was lQ"Wer' in spring, although the initial m::>1.sture content was 

lowest then. Except fOT the ini..ti.sl soil moisture content, many other 

factors may contd.bute to the observed differences: better cleaning 

the bottom of the hole with a new hole cleaner in 1970 as compared w:Lth 

the work in 1969; the method of measurement of the water level; the wa:y 

the hole was fiE.ed with water after each s:lx":inch faU, etc. These 

r'esults do not confi.rm those of Mokma (1969) who reported relatj,vely 

l.::rw values in spring, due to the relatively h:igh water content of the 

soil which reduced the hyd:t'aul.ic grad.i.ent (see point 4). Presoaking, 

during the i'ixst day ::>f the test procedure, has apparently substantially 

reduced differences i.n hydrauli.c c::>nditions in di.fferent seasons. The 

percolation rates ::>bserved during the first da:y of soaking, are often 

lower than those measured on the secon:l day (see data for Nos. 1, 3 and 4 

in Table 3.5.2). 

(3) The vax:l.abiUty of the Constant-level :Fercolatj,on Tests (CLPl') i.s 

l()Wer than that of the regular pel'colat:!.on test. The average CV for 

CLPr tests in spring 19TO was '34%, whereas SPr results :l.n the same per:l.od 

had a CV of 50%. A constant water level j,a maintained l.n the CLPr at 6 

1.nches ab(>Ve the gravel. Any var:!.ability in :!.nfil:tra.tion with time can 
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therefore be attributed to changes in soU structure and hydraulic 

conditions around the test hole. The State .Fercolation!J:est, on the 

contrary, measures the rate of fall of the water level from the 6" level 

downward to the gI'avel. As the water level moves down, the area 

available for horizontal. flow tllr::lUgh the sidewall of the hO.le 

decreases. This may :lead to a marked decrease of i.nfiltrati.on 

during each run. 
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Four di.fferent infiltration patterns of the SPr can be disti.ngui.shed 

(Bouma !:1 al., 1970) and are ill.ustrated in the upper part of Fl.g. 3.5.2.1. 

Type I sh:JWs a constant infiltration rate at all times. Type II shows 

a decrease of i.nfi.ltrati:m with time, due to other factors than change 

in water level, as indicated by the c::mstant sl.ope of each separate 

Ene. Types III and TV, on the contrary, show rate decreases related to 

the decreasing level of the water, reflected i.n the change in the slope 

of' each line during each separate run. Vari.ation in the percol.ation test 

:results of' these two types is caused by the method of measurement as wen 

as by s oil factors. 

The lower part of the Figure 3.5.2.2. presents four infHtrati:m patterns 

of the CLPr, numbered A through D. 

Type A represents a constant steady infiltrati.on rate in a soil that was 

moist throughout before the test began. Type B shows a decline of infiltration 

rate resulting from increasi.ng remoteness of' the wetting front, and decreaSing 

potential. gradi.ents in an ::iriginall", rather dry soil. Type C shows an i.llcrease 

of i.nfiltration with time, passibl", as a result of gradual removal of ai.r from 

soil pores by soluti::m of air in water. Type D shows a clear increase during 

a single run, whereas in the other typelil each run had a constant rate. 
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Change s in inf'iltra ti:m rate can als:J :JCCUX be cause :Jf pr:Jximi.ty :Jf the 

Jeest v:>lume t:> the interface between finer textuxed material. ab:Jve a c:>arse 

material. 

The :Jbser'ved difference in CV between SPr and CLPr test results can be 

explai.ned, theref:Jre, since m:Jst SPr meilsuxements exhibit the pr:Jperties :Jf ·the 

Type III curve, which are absent in curves A thr:Jugh D. T:J fuxther expl:Jre 

the varl.ability :Jf SPr measurements, perc:Jlatbn rates (spring, 1.970) f:Jr 

individual test h:Jles have been calculated n:Jt :Jnly after a 4 h:JUX peri:Jd as 

required, but als:J after' 2, 6 and 8 h:Jur·s. Generall.y a decrease in the 

perc:JlaM:>n rate with time is t:J be expected, si.nce wetting wUl lead t:J a 

decrease :Jf sucti:Jn gradients :i.n the 6:>i1. and pr:Jcesses :Jf swe1.li.ng may re-' 

duce infiltrati:Jn. lbwever, attenti:Jn sh:Juld be given :Jnly to decreases 

caused by hydraulic and soi.l fa.ct:Jrs, which are relevant, n:Jt t:J th:Jse caused 

by the measurement procedure itself. Tn individual SPr h:Jles the CV values 

varied between '70'/0 (N:>. 5) and 17'/0 (N:J. 4), with an average value :>f 44'/0. 

CV val.ues f:>r individual CLPr h:Jles varied between 0 (N:J. 1. and 2) and 16'/0 

(N:J. 3) with an average :Jf 6'/0. Again, the :Jbserved differences have t:J be 

attr'ibuted t:J the measurement pr:Jcedul"e f:Jll~red in the State Ferc:Jlati,:Jll 

Test, that adds an est:I.l1R ted 15'/0 bits CV value (see page 85). Maintaining a c:Jnstant 

water leve 1. in the test h:Jle, theref:Jre, reduced the variabiUty :Jf' resul.ts 

substantially. 

(4) Rydrauli.c c:Jnducti.vity (K) values measuxed with the .B::luwer Double Tube 

Method in a confined v:Jlume of soil of ab:Jut 1.,000 cm3 (see Fig. 3.5.2.2.) have 

a significantly bwer CV (26'/0) than the other meth:Jds. K values are 

wen defi.ned soil physi.cal constants that can be used :In physical m:Jde1.s 

:Jf mo:i.stuxe fl.ow (see Chapter 5). An infi.1tration rate such as that 

measured by the SPr cannot be c:Jnsidered as a phys:ical c:Jnstant because 



it is a;ffected by va:riable b:lUnda;ry c:mditi . .ons :in a l.a:rge, undefined, 

volume .of soH. Flow rates can be calculated if' K values for b.oth 

satlllated and unsatlll'ated soil a:re known, as well as the hydraulic 

gradients in the soil material. The gradiEmts are measured wi.th tensJ.ometers 

Investigati . .on .of :>perating systems (Secti:>ns 3.1"3.5) haS pr:>ved 

that the 8:>11 a:r:>und septic tank seepage trenches is not satur'ated due to 

presence :>f crusts :>f :>rganic material :>n the trench slll'faces. This implies 

that the liquid m:>ves much m:>re sl::JWly into the s.oU, than would be indicated 

by the saturated hydraulic c.onductivity. The new crust test (see Chapter 2.3) 

yields the hydraulic c.onductivity (K) as a function :>f moisture content. 

Using such K values, fl7W rates can be predicted foX' unsaturated soi,1 i.n accor" 

dance with suction gradi.ents. 

3.5 • .3. Interpretation.of Percolation Test Results 

The infi,ltrati:m rates measured with the state Ferc:>latl:>n Test a:re 

actual.ly aU relatively high. The limiting value :>f 60 min/inch (=60 cm/da;r) 

stil.l represents a c:>nsiderable v:>lume: In:>ne da;r, 150 gall:>ns :>f liquid 

would perc:>late i.nt:> an area :>f 1 m2 (""l0 sq. ft.). An abs:>rpti,:>n field of 

only 20 squa:re feet in an uncrusted s:>n with K = 60 em/day, w:>uld be suff:i,ci­

ently large to handle 300 gall:>ns per da;r, the average effluent 'bad f:>r a 

family :>1' f:>ur. In sandy soi,ls an even smaller fiel.d w:>uld be adequate. A 

s:>n wi,th s, perc:>lati:>n rate :>f 2 min/inch (=1800 cm/day) w:>uld need an abs:>rp­

tive area :>f :>nly 700 cm2 (that i,s less than :>ne square feet) t:> handle .300 

gal1:ms per day. ?racti,cal experience has sh::JWn that things d:> n:)t w:>rk 

out thi s way. As a c:>nsequence, the state C:>de (State B:>ard :>f He a l:th , 1968) 

requires a minimum abs:>rptbn area :>f 50,·,85 square feet in 8:>i1,s with a perc:>·· 

lati,:>n rate less than '3 min/inch. S:>me systems fail nevertheless. Ferc:>lati:>n 

test results, theref:>re, d:> n:>t predict the infi,ltratbn rates as they :>ccur 
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fiam seepage trenches. The real rates are muchbwer than those given by the 

test. This has been kmwn far a long time (McGauhey and Krone, 1967) but 

the test has c:mtinually been appli.ed si.nce the nineteen twent:i.es primarily 

because of lack af a better one, and also because of tts usefulness in 

ranking different sails according to their relative capacities b transm:i·t 

liquid. The great reduction in the soils infiltrative capacity by ::lrgan:i.c crusts 

on the walls af the trench (McGauhey and Krone, 1967) has been dfiemphasized 

if nat igmred. Si.nce it has been quite abv:i.aus that real. infiltratbn rates 

:i.n dispasal field are much .bwer than rates measUI'ed by the S1'1', empirical 

research and thearizing have been dane ca determine "factars" af reductian. 

Ludwig ~. al .. (1.949; see ~!cGauhey ani Krane, 1967) suggested the use af a 

"factor" of 20. That i.s to say, the amount af sewage effluent which may be 

leached away in a soil. was estimated to be approximately ane-·twent:i.eth af 

the amount of clear water that cauld seep through the same soil. Kiker (1953) 

stated that soils i.n Fbrida wauld absarb 40 times as much water as effluent 

fi":Jm settled sewage. Fercal.ation rates have al.sa been empirically interpreted 

in terms of loading rates. Federik (1952) intraduced the farmula: 

Q = 5/Jt 
where Q = the l::lad.ing rate i.n gal.bns per day per square feet :i II a tHe field 

and t = percalatbn rate in min/per inch. Ki.ber (1953) intr'aduced: 

G = 29/t + 6.24 

where G = Q af the prevbus farmula. 

In the or:iginal. appraach af Ryan, wha :i.ntraduced the test :i.n 1928, percal.­

atian rates and Jaad:i.ng rates were measured at several sites. TIlase values 

were platted in a f'igure (see Fig. 3.5.3. tram McGauhey and Krane) and a line 

was drawn arbitrarily separating systems where all appli.ed liquid was absarbed 

by the soil framthase where averflaw accurred. 
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C:riteria, derived frQm this type Qf graph, are sti.ll being used and fQrm 

the basis Qf current criteria fQr determl.ning sui.tabi:i.ity Qf SQils fQT 

private waste disPQsal systems (State fuard Qf Health, 1968). AccQrding tQ 

this apprQach the percQlatbn rate is reduced by a factQr varying frQm 20 

tQ 2500, depending Qn the lQcatiQn Qf the system Qn the chart. 

Data repQX'ted abQve shQW that the interpretati.~n Qf percQlatiQn test 

results is empirical. As PQi.nted Qut in SectiQn 3.5.2. (P:li.nt 4), kn'JWledge 

Qf the hydraulic ccmductivity characteristics will maks it PQssible tQ cal-' 

culate the mQisture mQvement as a functi.Qn bf crust resistance. The study 

Qf the seepage bed at the P:lultry Farm (ArlingtQn) (Chapter .3 .2) prQved that 

crust resistance i.s nQt a cQnstant, but vari.es as a functiQll Qf the dQsi.ng 

rate. This PQints b an Qversimpli:t'icaUQn in the State I€rcQ1atiQl1 lest. 

There is nQ fixed permeabi.l:i.ty value, whether fQr saturated Qr unsaturated 

SQil, that 'Hill suffici.ent.ly character:l.ze a soil system around a seepage bed. 

Rather, there is a possi.bl.e range Qf permeabi.lity values. Loading rates, 

pretreatment and dosi.ng wi 11 determi.ne at what rate, lyi.ng within a certain 

range J the soil absQrbs the liquid at any given time. A secQnd Qversimpli.fica··· 

ticm of the STP is its sole emphasis on. hydraulics. The problem of Ii.quid 

waste di.sposal. is also a problem of disposal. of nutri.ents (N0
3

, p) and harmful 

microorgani.sms. Therefore, an adequate study of the prQb1em of di.sposal of 

liquid waste of septi.c systems through son. absorption can QIlly be made by 

considering al.l. these interrelated factors together. Results of thi.s type 

of study were reported in Chapter 3.1-3.5. 



3.5.4. C:>nclusi.:m 

The state Perc:>lati.:>n Test gives hi.ghly variable results (the average 

c:>efficient :>f variabili.ty, CV, was 50~). Mai,ntaining a constant water level. 

in the test hole can reduce vari,abUi.ty to an estimated '35%. $\lch infiltrati,on 

rates, h:>wever, are stil.l n:>t physical constants, in the sense that hydr'aulic 

c:>nductiv:Lty (K) values are ,and canmt be used therefore in physj.cal f.bw­

m:>del.s. In this study K values f::>r saturated soi.l were measured with the 

B::lUwer ])Qubl.e Tube apparatus. These measurements had a rel.atjvely low CV of 

25%. H::>wever, experimental. data shows that flow from seepage trenches occurs 

mainl.y in unsaturated soil. Therefore, unsaturated K values, were measured 

in the field wi.th the newly developed crust test, and were found to be 

essential to m::>del and t::> understand the fl.:lW of liqu:i.d from sept:i,c tank 

disp::>sal trenches. Jb single fixed conducti,vity value applies to a flow system 

(as is assumed :i.n the State Percolation Test) but rather allY of a number Of 

values c::lnstituting a characteristic range. Management of a given liquid 

waste disposal. system wj,11 determine which K value in this range applies to 

the actual hydraulic c::lndi.ti:)l). Final.ly, any test of site sui.tability should 

n::>t be restricted to movement of l.i.qui.d only but should c:ll1sider pr'::lblems of 

chemical and bi:>l::>gical. pollution as well. 



* . Table 3.5.2. Results::>f perco1ati::>n tests of seven s::>i1 h::>riz::>ns. 

Nc>. ::>f 
h::>les 

Fere. rate first day 
2hr 4hr 6hr 

St. Cha:r1es-Batav1.a silt bam (Charmany farm). 

Fere. rate sec. day 
2hr 4hr 6hr 

Fere. rate third da;; 
2hr 4hr 6br 

L Hc>riz::>n: B2lt (60 em depth! Initial misture 1969: 0.6bj 1970: O.lb (est.) 

SPr July 1969 6 22 

SPr April 1970 " 15 14 2C 1~ 22 24 
~ 

CLPr April 1970 3 15 15 10 10 10 9 9 

Individual test h::>les 
April 1970-SPr 

N::>. 7 14 11 16 12 18 24 
. N::>. 8 16 8 17 15 15 27 

N::>. 9 16 22 27 15 32 22 

April 1970-CLPr 

fuuwer K~ 57 em/day (63 min·/inch) 4 meas. 

2. H:Jriz::>n: B3l (120 em deEth) Initial m::>isture tensi::>n 1969-=-_0 .3b;_.1:270 =- 0.5b (est.) 

SPr July 1969 6 45 

SPr April 1970 3 38 54 57 44 87 89 

CLPr April 19'(0 3 80 80 80 "r6 76 76 

Individual test h::>les 
April 19C{0-SPr 

N::>. 10 l i , 12 2C ' 1 ~~ 

,., 
~J 19 

lb. 11 20 30 30 40 128 90 
N::>. 12 80 120 120 80 120 200 

April 1970-CLPr 

B::>uwel' K, 22 em/day (160 min.!inch) 4,OOSS. 

....... . 
All perc:Jlatbn rates are given in min./inch, unless otherwise stated. 

c.Yt. remnd da,y 
(%l 

36) 
:" 

40) 

35 

30, 
40} 40 
53 

0 

100, 
l 

100) 

90 

30, 
73j 50 
48 

o 

CVI1~9-70 
,J 

i~l 

25 

90 

25 
\0 
VI 



'l'aDle j. • "'. 

!b. :Jf Fere. rate first ~ l-erc. rate seC'. dgy :Fere. rate thnd day CV, EieC:Jril dew f'0. 1~9w70 
h:J1es 2hr l,h1' hr 2111' 4h1' 6h1' ?..br I.hr 6;;;- -G~) 1.%1 

Plan:) eil t bam (Mandt farm). 

3, H:J1'iz:Jn: B21 t (50 em depth) Initlu1 m:Jistut'e tensi::m: 1969: O.loj 19'{0; 0.030 (est.) 

SPI' July 1969 6 28 35 45 

SfT May 1970 3 7 9 10 1 ' ~" 11 

CLfT Hay 1970 3 3 3 6 6 ;, 3 Ie 

Individual test h:Jles 
£.!ay 1970-SfT 

IJ~. 7 7 8 'r 11 11 
NC), 8 ~ 11 16 12 12 23 I 

~b. 9 7 8 6 9 10 26' 
I 

wCLPl' 
N:J. 2 2 6 8 " 3 25, ,/ 

N':J. 5 1f 6 6 6 6 9 9 0 " 16 , 
N:J. 6 2 9 6 4 4. 4. 4 22' 

B:Ju,rer K: 8 'I .• 2 em/dElj" \120 111ln.!inch) 25 

4. H::>riz::>n: B31 (20 em depth) Initl.al ny.)isture 'tensi:Jn 1969: O.lb; 1270: O.lb (est.) 

SfT July 1969 6 33 20 40 

SPS; !.\ay 1970 " 8 6 
,,, 16 13 4a 

~ 
~,/ 

eLPI' May 1970 3 " 12 10 10 19 8 25 ,/ 

Individual test hC)les 
May 1970-SfT 

N:J. 10 "r 8 23 21 18 12, 
N:J. 11 10 5 13 19 12 IT 17 
lb. 12 6 '( 8 9 10 11' 

-CLP:r 
N::h 1 10 25 19 19 15, 16, , 
NC), 3 2 6 5 10 ;; 15' 15 
lb. 4. 4. 6 5 6 5 15 

~ 
Ibu,rer K. 11 em/day (330 run./inch) 25 



-' ..... ~_y ..L'~'-'-'-'-'j~ 

Fere. ;rELtElse~,,"~~~d_DY Nc>. c>f 
nc>les 

Ferc. rate first day 
2hr 4hr 6hr 2hr 4hr bhl' 8hr 

C1[, s~~Z~nd day 

Tama silt 18am (Platteville) virgin site. 

5· H:)ri~_?p: B2t (20 em depth) Initial m81sture tensic>n 1969: 0.3b; 1970: O.lb (est.) 

8PT Oct. 1969 2 6 10 

8Pr Ma.v 1970 3 9 12 16 42 7n 

CLIT May 1970 3 5 8 6 6 6 6 30 

Individual test h81es 
Nay 19r(0-8PT 

Nc>. 8 15 l if 30 80 90, 
NC). le ry " , 10 23 54! 70 , .L~ 

N:). 11 6 10 9 23 62~ 

-eLIT 
N::J. 1 6 10 5 6 6 6 0, 
NC). 6 6 9 9 8 8 8 0:' 5 
Nc>. i.e L. 4 If 5 4 4 16~ 

Ibu;,eT K; 95 cm/day (38 min./inch) 3 mess. 

Tama silt bam (Platteville) cultivated site. 

6. IbrizC)n: B31 (So em depth) Initial ooisture -censbn 1969: 5b,; 1970: 10 (est.) 

8pr Oet. 1969 2 38 40 

SPr May 197C 3 14 21 42 17 25 

CLPT May 1T(0 " 
, 

~ 
~ 3 5 8 8 8 12 

Individual test \'c>les 
May 1970-SPr 

lb. 9 
lb. 7 

11 24 13 16 4lJ, 
2C 15 96 16 lee 60 

lb. 12 10 24 16 19 Ll-C 

-CLPl' " 1 1,)8. 2 " h 8 8 0 8. .1. ~ 

l'b. 5 2 6 ri· 9 9 9 c 3 
lb. 6 , 

.L 2 I< 7 
ry C ! 

B8uwe:c K; 27 em/day (l30 min·/inch) 
---.---------.. ---~-------.---.----

QJl, 1.(~t 70 

82 

30 

45 

~ 
30 



Table 3.5.2. (contlnued) • 
. ' . 

N". "r 
h-:Jles 

Pere" .rat.e sec9nd day 
2hr lehr 

St:my sandy l::Jam till (flrlingt::lll Experimental farm). 

cv, rec::Jnd C:V(::Jf 
day (%) 

b-:;th!lsi tes), 
lor' \ /o.J 

T. At 20 ern depth in a SaybrooK silt l:Jam. In:Ltwl lIl::>lstu.re tens~:>l1: a.lb. 

SPr July 70 
(P:mltry) 

SPr July '70 
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Ph~t~ 3.6.2 M~und System I. 
The m~und is indistinct because the upper end (E) is at the same level as the surface ~f the 
adjacent area. 'Ibis picture was taken fr~m p~int 1 in Fig. 3.6.2a. T'ne bank ~f the lake (L) 
is at the c~rner ~f the picture. 
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3.6. llie experimental mound systems i.n Clark C::lUnty, Wi.sc::ms1.n 

3.6.1. Intr::>duction 

Obviously, li.quid waste disposal through soil abs::>rption can only be 

successful when the s::>il t::> be used i.s capable of absorbing a sufficient 

am::>unt ::>f liqu1d. S::>i16 with a perc::>lati::>n rate of more than 60 minutes 

111 

peT 1nch a:re classi.fied as unsuitable f::>r ::>n-site l.iquid waste di.sp::>sal, as 

a:re sites with gr::>undwater ::>r bedr::>ck within 3 feet ::>f the surface, or wi.th 

steep slopes (State Board of Health, Chapter H22 (1969). These pr::>hibitive 

c::>nditi::>ns apply t::> an estimated 55% ::>f the la:nd area ::>f Hisc::>nsin. Strictly 

following the letter ::>f the law J ::>n-site liqu1d waste disp::>sal 1.s not poss1ble 

in m::>re than half of the State. Two alternatives, a public treatment plant 

and h::>lding tanks, seemt::> be unacceptable. Public sewer systems cann::>t be 

c::>nstructed ec::>nomically in sparsely populated rUT'al or suburban a:reas. The 

cost of constructi::>n and servici ng ::>f a la:rge holding tank i,s pI "hibitive. 

The result 1s that many pe::>ple, sometimes encouraged by "spec:talists" pr::>m1sing 

the impossi,ble, try to build a system anyway. It usually does n::>t work and 

the Ie sult is that raw sewage fl::>ws int::> road ditches and stagnent p::>ols, 

creating a health hazard. 

In this chapter the results w111 be reported of a prelilllj,nary study "f 

experimental m::lUnd systems (or NODAl( systems), c::mstructed in Clark County, 

Wisc::>nsin with special permissi::>n of State Boa:rd of Health ::>fficials, t:J 

study possibilities f::>r on-site effluent disp::>sal in S::>il8 with high gr::>und­

water, low permeabH:l,ty or other limitation. 

The effluent flows by gravity ::>r is pumped into a mound ::>f s::>i,1 about 

4 feet high and resting on the ::>rigi.na1 soH surface. llie liquid percolates 

downwa:rds thr:>ugh the unsaturated s::>il materi,al in the mound int::> the under .. 

lying soil pr:>fHe (see Fi,g. 3.6.1a). 
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The belttelm elf a seepage trench in a tradl.ti.elnal system (Fi.g. 3.6.1b) in a 

permeable ell well <irained sell1 is usual.l.y placed at a depth elf abelut 3 feet. 

The liquid melves delwn and laterally frelm that level.. A melund system di.ffers 

primarHy in being elevated abelut 5 feet, as celmpared tel the traditi:mal 

system. The effect is tel increase the thickness elf seli.1 available felr percella-

ti.eln befelre the trea ted effluent reaches the gr elundwate:r elI' a perched 

water table eln t elp elf an illIpermeab:J.e layer. 

Selme peltential advantages elf a melund system are: 1) The si.ze and shape 

elf the oound, and the textural celmpelsiti.eln elf the fiU. material can be melre 

easily celntlellled than can the slibselil in a regular system, t:> create c:>nditi:>ns 

felr elptill1al treatment and, when necessaIY, felr te!11pelrarY stelrage elf eff.luent. 

2) The upper seli1. helrizelns aI'e usuall.y melre permeable thaIl the underl.yi.ng B 

helrizeln, Bel that l.atera1 mvement elf liquid after delwnward percellati:>n threlugh 

the melulld may elCcur relatively easHy, despite the unsuitabHi.ty elf the subsoil. 

3) Because the melund i.s surrelunded by air ab:>ve and :>n all Sides, the i.nterior 

maybe better. aerated than the selil surrelundj.ng a celnvent:i:>nal buried system. 

As a result aerelbic decel!11pelsitbn elf effluent c:>mpounds may be better in the 

m:lund system. Care must be taken that the surface layers elf the m:lund d:> nelt 

restri.ct ail diffusieln unduly. 

Selme p:ltential prelbl.ems are: 1.) Stelppage elf movement elf li.quid in the 

system by freezing in the tile lines, i~l superfi.cl,al seli1 layers elf the m:lund, 

and in the elriginal surface seli1 aIelund the oound. The unfrelzen core elf the 

mound might, under resulting anaerobic cond.itions, still act as a storage tank 

but would nelt effectively treat the effluent. The same effect weluld result 

whenever the bading rate exceeded the capacity :If the s:>i1 tel c:>nduct the 

moisture a;lay frelm the system. 2) Seepage elf pellluted effluent frelm the sides 

elf melunds elf melderate size ontel the surrelunding soil surface may take place 
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in times ::>f excessive rain ::>7' sn::>w melt ::>r' in case ::>f ::>ver1::>ading ::>f the 

system f':r::Jm within. 
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C::Jnstructi::>n ::>f a m::>und system is ::Jne way t::> attack the pr::Jb1.em ::>f 

liquid waste di.sp::>sal ::In sites where s::>i1 c::>nditi::>ns prevent a c::>nventi ::Jnal. 

system fr:)m w::>rking. Spraying::>f effluent ::>ver agricultural land or aerati::m 

and/::J! chbrinatbn ::>f effluent are alternatives, and can p::>ssibly be c::Jm­

bined with ::Jther schemes.. Because thi.s study has centered ::In s::Jn c::Jnditbns 

and related hydraulic phemmena, attentbn wi.l1 be f::Jcused ::In the m::lUnd 

system as a p::>ssible al.ternati.ve t::J the c::Jnventbnal one. The f::Jl1::>wing rep::>rt 

is preliminary and is t::> be f::J1.1::Jwed by ::Jthers as m::Jnit::Jri.ng ::Jf selected 

m::JUnd systems pr::>gresses. 

3.6.2. M::Jund System 1, ::In Humbird sandy l::Jam (over sandst::>ne with impervious 

sh ale laye r s ) 

3.6.2.1. Intr::Jducti::m 

This system ,/as investigated i.n June, 1970. SalIIples::>f s::>i.1 and liquid 

f::>r bacterbl::>gical. and fertHity studies were taken ::>n .July 30, 1970. The 

Humbird sandy l::>am (see pr::>file descri.pti::>n) developed in a sandy c::>ver ::Jver 

stratified weathered shaly sandst::>ne. 

A t::>p view ::>f the m::>und system and a secti.an al::Jng the line M::J'''M::>, are 

in Fig. 3.6.2a (see als:) Ph:)t:) 3.6.2). The bcat:i::Jns ::>f the B::>uwer tests (B) 

and State Perc::Jl.ati::Jn Tests (p) are indicated. Seven samples (numbered 1-7) 

(Figur'es 3,6.2a and b) were taken f:)r chemical. and ba.cter i::Jl::Jgi cal. analyses 

(July, 1970). The experimental. m:)und system was c::Jnstructed here, because ::>f 

seas:)nal high perched gr~)Undwater that w::lUld have prevented praper functi:mi.ng 

::Jf a. c::Jnventi::>na.l system. The system was built :i.n the early fall. at' 1969. 

Grading ::>f the prig:!nal sl::>ping s::>H surface (Fig. 3.6.2a) i.ntersected thraugh 
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s:>me impermeable 6:>il h:>ri.z:>ns upsl:>pe. Half a year later a small reereati.:>nal 

lake was e:>nstrueted at a distance :>f ab:>ut 100 feet fr:>m the m:>und system. 

3.6.2.2. Resul.ts 

At the time elf investigati:>n, the Eystem seemed t:> be abs:>rbing all eff1u-

ent delivered t:> it, despi.te very high bading rates (estimated t:> be :1.000 

gall:>ns/day.) Hydraulic c:>nductivity va .. ues are presented in Table 3.6.2a. and 

sh:>w a str iki.ng change fr:>m sandy bam 8el1um t:J underlying clay and sand. 

H'.Jriz:Jn Hydr aulic c:>nduetivity (K) measured State Perc.,lati:>n Perc. Test 
,lith B:>uwer d:Juble tube apparatus Test, c:>llventi.:>nal Celnstant Level 

B2 

B3 

IIC green shale band 

IIIC white selft sand·· 
st:>ne sand 

Fill in the melund 

20 em/day 

12 em/day 

3 em/day 

500 em/day 

50 em/day 

900 em/daY 
4 min/inch 

864 cm/daY 
4 mir'/inch 

--.. ----~---~-.-.--~ .. ,-.--.. ~-.--.,.--.,---- ... --.--.. --.------".-.---,--.------.. ------.-... -.~.--.-.-. 

Tabl.e 3.6.2'0. Nutrient celntent elf water frelm seven sampling llel1es 1.n and near 
_._. __ .. ___ ... __ .H:Jund •. §y~.L.._ .. _. __ . __ ... _._._ .. ____ ... _ .. ______ ... _._ ... _ 
Sample rb·. TCltal P 1mr gani.c P Organi.e P NO, 
and beat bn ppm ppm ppm: 

1. 7.5 .1 7.40 1.1 

2 9·2 .5 8.70 1.9 

3 8.0 .4 7.60 1.5 

4 10.0 .15 9.85 0.6 

5 7.4 .25 7.15 4.2 

6 1.0 .0 .2 9.80 4.8 

7 9.8 .. 2 9.60 2.0 

NIl 4 ppm 

o 
o 

2.0 

1.2 

o 
1.2 

1.2 
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Results :of the State Perc<:>latbn Test at a depth elf 85 cm shCll,ed highiy vari­

able results (Fig. 3.6.2c) due tel the ptesence OJf the clay layer at varying 

depth. A c<:>l1stant level perc<:>latbn te at i.n the white sand (Fig. 3.6 .2d), yielded 

a high pelc<:>l.atbn rate (Table 3.6.2a). M<:>i.sture retenti:m, PelrOJsity and bulk 

density data CJr the ped<:>n are presented i.n Figures 3.6 .2e and f. /IIi cr<:>bbl.:ogi-

cal data are pbtted in a sectbn <:>1' the ax'ea (Fig. 3.6,,2b) t:o sh:)W the effect 

<:>1' distance <:>1' perc:olati<:>n :on the bbbgical. pr:operties :of t.'1e li.qui.d" Analyses 

<:>1' nutrients in samples fI<:>m the same s<:>urces are rep:nted in Table 3.6.2b. 

3.6.2.3. Discussi.:ln 

The investigated system differs fnm the px<:>btype (Fig. 3.6.1a) in that 

1) effluent is n:ot f'ed int<:> the upper part :of a m:ound, and 2) the m:ound is ll<:>t 

buil.t <:>n t<:>p <:>1' the s<:>:U surface, but :on a surface <:>f excavati<:>n, and 3) the 

surface :of :one end :of the "round" is n:ot elevated at all but is actually in 

a f<:>CJtsl:ope pCJsiti.:m (Fig. 3.6.2a). The s:oil material c:overing the tile lires 

and gravel bed in the m:mnd i.8 cCJmp:osed :)f a very heter:)gene:)us mixtuX'e :of 

material fX':)m all s:oil h:or iz<:>ns. Tne average bulk density CJf the sCJil, fill 

is l. T, and the esti.mated pCJr:osity 41 percent. The upper rnl p:orti.CJn :)f the 

m::mnd 1.8 nClt used fClr perc:)lati<:>n :)f effluent, but serves t<:> shed s:ome precipi·· 

tatbn, t:) confine the gravel seepage bed and prevent surfacing CJf fresh effluent. 

The LIIC hcniz:)n :)f the Clriginal sCJn. i.s ver'y permeabl.e, and di.rectly underlies 

the upslClpe half :)1' the system. Due tCJ the absence :)f an :)xganic crust i.n thIs 

yClUng system the effluent can be expected tCl m<:>ve rapidly thrc:mgh the sand .. 

Fbl1utbn CJf the recreati.cll1al. lake, <:>nl.y .30 meters a'llay, is indicated by the 

data in Table 3.6.2b. C:ontents:)f s:ome nutrients tend t<:> i.ncrease with pr:)x" 

Imity b the lake, as in the case CJf trends <:>:1' P and N03 fr Clm sampling pelint 2 

t<:> pCJints 5 and 6, where the l.iquid is abClut t:) nClW int<:> the lake. 
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Tc>tal c:Jlif':)l'ID c:)unts (i.e. t:)tal gr:)wi.ng :)n EMB plates) i.n the gr:)undwater 

and in a lake water sample were high (l02~ as c:)mpared t:) drinking water 
- n, <-*. 

standards :)1' 1 c:)lif:)rm :)rganism/ml . This cann:)t be taken as a direct indi.ca'" 

tbn that the cQlif:)rm :)rganisms in the lake ortginated fr::>m the near'-by 

septic tank·'mound system eff'l.uent for tv:) seas:)ns: 1.) it waS sh:J1w in all our 

samples that the "total colif:)rms" greatly exceeds the sheen-f:Jrming ~,.£2:!:! Le. 

al.though the coHform total. counts :m EMB agar remained about 104._105 /~, 
'111--. 

indicating either :JIganisms :Jf soil ::>rigon Or survival. of n::m·'~.C:J:!:i cQlifQrIDs .. 

Also n:Jte that n:)n'-f'ecal colif'orm types e.g. A. aet2gene~ ep. th::mgh f'ound to 

cQmprise ab:)ut QJl8-half' of the number :Jf c:Jliform organisms in fresh human 

feces may al.so be f:)und as part :)1' the natural soil micr:)f1:)ra. 

Tne vertical permeability of the ID:Jund system in the d:)wnsl:Jpe half of' the 

system is relatively l:)w due to the presence of the clay layers just bel::)';r 

the seepage bed (see Fig. 3.6.2a). Lateral seepage :Jver these layers i.s to 

be expected. H::)'wever, water sampl.es taken at point 1 downsl:)pe and s:)utheast 

::>1' the system, did not indicate the occurT'ence ,,1' m:)re seri.ous pollution than 

at the points 3 tc> 6. The system may give problems in the future if cl::>gging 

:)f the white sand devel::>ps and inter feres with d::>wnward movement :)f eff1 uent. 

Tne soil. mas' become incapabl.e :)f handling all. the liquid intrc>duced into the 

til.e lines" Future m:)ni.t:)ring of the system will indi.cate rate of change in 

this regard.. Du:r'i.ng the ,linter seas"n :)f 1970· 1971 temperatu:res will be 

measured in the mound and surr:Jundi.ng 6:)i1 t" assess freezing hazar'd. 

- .. ,.~-.-----,-.. ----,.---.---.. --.x-
PHS Drinking \vater standards, 1962. 
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3.6.3. Maund System II, 0n Hwnbj:r'd sandy bam (0ver sandst:me wUh impervbus 

shale layers) 

.3.6 . .3 .1. Intr:)duct i:m 

C0nstructi0n 0f this system (Fig. 3.6.3a) was begun i.n the Spring 0f 1970. 

The sand m0und waS still i.nc0mplete, was barren 0f vegetatbn, (Thelt:) 3.6.3) 

and exhibi.ted seepage i'ram the sides in June, 1970. The s"il type, a Humbi.:rd 

sandy lelam, was similar tel the sail at the site af Melund System 1. Anal.ytical 

data f:n thi.s Humbird pedan, given in Chapter 3.6.2., applies therefaT'e ta 

this site. CClllstructbn af the m:)und was started by remavi.ng all. clayey 

l.syers t:) a depth af abaut .3 feet and expasing the hi.ghly permeabl.e white 

sand. The hale was filTed with a layer :)f sand, pit run gravel and caarse 

rack (Fig. 3.6. 3a). Per farated pipes were l.aid :)n a bed af caarse I:)ck fx·:)m 

the septic tank int" the m::lund at a level sl.:i.ghtl.y higher than the :)riginal 

s:)il suy·face. The wh:)le system was c:)vered with ab:)ut tw:) feet :)f caarse 

bamy sand. This material has a law parasity, (Fig. 3.6.3c) pr:)bably as a 

result :)f a ,Tide range in pa;rti.cle size. The graundwater was abserved t:) 

fluctuate cansiderably. Tn early J·une the level was at 50 cm bebw the sail 

surface (2: 10 cm belClW the pipe); in late Jul.y the level ;,as 150 cm be l:m the 

surface (Fig. 3.6.3b). The bading rate :)f the system was estimated t:) be 

450 gal.1:ms/dSY. Samples far micr:)bi:)l:)gical and chemical. analyses were 

taken at the bcatbns .1 thr=gh 6, in the septic tank and :In a ;,ater well 

neaT the hcmse ::m Jul.y 30, 1970. 

3,,6 .. 3.2. Results and di.scussiall 

liIicrobi.ol.::>gical data for each pa:i.nt :)f ::>bservati.:)n are presented in a diagram, 

shawing a crass··secti::>n ::>f the area (Fi.g. 3.6.3b). The c:)unts indicate a marked 

decrease in PCA and EMB numbers ;,ith increasi.ng distance i'ram the system. At 
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p~int 5 levels as l::>w as th~se at p::>irt 4 upsl::>pe were determined. The 

strept::>c::>ccus ::>bserved in the gr::>und,rater at p::>int 6, may have ::>ri.ginated fr::>m 

y::>ung cattle and di.d n::>t perc::>late f:r~m the system. The S:JU auger used t:J 

make the h::>l.es, may have i.ntr::>duced :Jrganisms in the water fr::>m the c::>ntami.nated 

t::>ps::>i.L C~nsiderable am~unts ~f ::>rganic P and N0
3 

are present in the gr::>und-· 

water (Table 3.6.3) as was the case in System 1. However, the c::>ntent ::>f 

~'ganic P at p~int 4 is as high as at the lower-·lying ::>ther p~ints. It i.8 

assumed that this high P c::>ntent is pr::>bably n:Jt ass::>ciated with the m::>und 

disp~sa1 system. M:Jvement::>f ni.trates fr:Jm the system is :!.ndicated by i.ncreases 

in c::>ntents :)f nitr'ate d:JWn··s.bpe fr::>m paint 4 t~ p~int 1. C::>ntent:Jf NH4 was 

very high in the liquid of the septic taJ1.k, where m~st ::>f the N is in the 

f:)rm ::>f amm::>ni.a because :)f the anaer::>bic envir::>nment. After the :Jwner has 

extended the m::>und t~ full. size the ::>nly ::>ther fact::>r that may sti.ll interfere 

with the pr:Jper functi.::>ning :Jf thl.s sYBtem may be cbgg:i.ng ::>f the interface 

Tabl.e 3.6',~.!-1:!!!;~E1~i...~~t ::>f_l:\E::>undw!!:~.Z-..~ater~ septic tank effluent. - -, 
T:JtaJ P Imrganic P Organic P N03 I'IB4 

Sample N:J. 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 

4 9.4 .15 9.25 .6 1.6 

5 8.0 ·30 7.70 5.6 1.2 

6 0.3 1.0 7 ·30 5.6 

Hen 'ITater 9.0 .25 8.75 .2 .4 

Septic tank liqui.d 9·2 ·9 42.0 

.. -~-.----.-~.-.. "~.~--,,--.---.--'-.-.. -----.,"" 

betvleen the trench and the lVe h~riz::>n. The absorptive area :Jf the field :l.s 

approximatel.y 600 sq. ft. (54m2 ). At a loading rate :Jf 450 gallons/day, a 

minimum vertical fl.::>w rate ::>f 3.3 em/day is necessary to aV:Jid :Jverl:Jading. 



I\) 
00 

SOil ABSORPTION SYSTEM: MOUND SYSTEM I! I (Willard, wls\ 

"" \ I<:. v e: N'r 

l' ._--, 
o I " " I A....., DIKE I . c.\~/--

7'As'" 11.\ 

L.Ev),; ... of EFI=LUI:N! {"-' I'-tC>I..>N n. S>ILT 1..0,",''1 Tc.!>Sc!!... _ 
l.."\U~ __ 

~========S=A.=~=-;;P~~·-~-_-~A 

. I 
WJ 
0' 

SePTI-c. 
TANK.. 

ELECTRIC 
.sUMP Pu .. !' 

..e:;; :> 
10M 

top view of mound 

j 

W 
til 
:J 
o 

I r 
~ 

C;-R~~ •. - '.. La,,!" . 
. "-----1 ,..,. . .-, ---"'-"" t· r -: ' :. I A p 
L...J~Vf.L·1 :- .. ::.:J A;;.. 

Vi T~E.E :5,L-'-
, 
l~ OA.""'" 

section of mound 

Fig. 3.6.4a 

-c ....,. 
11'1 

1I El2. •. tq 
.J.L Eh.2.~ 

1[ 53%-

lIe. 

-



Ph~t~ 3.6.4 M~und System III. 
This m~und has a flat t~p. The effluent is pumped int~ the m~und by an electric pump (p). 
The air vent (A) marks the limit ~f the system (see diagram ~f the system, Figl1.re 3.6 .4a ). 
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N::> hydraul1.c c::>nductivity (K) by crust test is available yet f::>r the white sand. 

Assuming, h:J;Jever, that it is cbse to that of the C h::>riz::>n ::>f the Plainfi.eld 

l::>amy sand at the Hancock Agricultural Experiment Station, thi.s fl::>w rate ( .. K 

when the vertical. gradient is unity) w::>uld c::>rrespond to a suction below the 

mound in the .lVe h::>ri.z::>n ::>1' ab::>ut 20 mb. The test results in the C horizon 

::>f the Plainfield bamy sand nsar Frienclship, Wisc::>nsin (Chapter 3.4) showed 

a suction ::>f ab::>ut 20 mb around trencher, with crusted walls. As long as the 

suctbn 1.6 l::>wer than this value, difficulties are n::>t likely to occur. Increasing 

the size ::>f the field w::>uld hel.p if sucti.::>ns became higher than .:!: 20 mb. The 

system will be investigated again in the nsxt seas::>n. 

3.6.4. lIbund System IIJ :m Withee silt loam (somewhat p::>::>rlydrained, wi.th 

t:l.ght subs::>H) 

3.6.4.1. Intr::>ducti.::>n 

This system was c::mstructed ::m a Withee silt loam in the fall ::>f 1969. 

fuis relatively impermeable s::>il type, extensive in n::>rthcentral. Wi.sc::>nsin, 

f::>rmed in a silt bam c::>ver ::>Yer c::>mpact glacial. tUl (see pr::>file descripti::>n). 

A top view and cross secti::>n ::>f the m:YLUld are in Fig. 3.6.4a (see als::> Ph::>t::> 

3.,6.h). fue m::>und was ab::>ut 80 em high. A layer ::>f 15 cm of c::>arse gravel 

resti.ng :m the s::>i1 surface was e::>vered with about 60 cm coarse sand and 15 em 

silt l::>am s::>1.1 ::>ver that. The wh::>le mound was surr~nded by a s::> called "clay 

dike", t::> av::>id seepage thr::>ugh the si.de of the mound. fue tile Li.nes were i.n 

the layer ::>f gravel. Effluent had t::> be pumped from the low level af the 

outlet in the septic tank i.nto these linss. It i.s evident that this system, 

l.ike the other two, is mt an ideal Mound System (see 3.6.1) because the tHe 

1inss are near the bott::>m ::xf the mound. Analytical data are given in Secti::>n 

3.1..3 f::>r the Withee silt bam pedon at the University ::>f Wisc::>nsin Agricultural 

Experimental Station at Marshfi.eld. Physical pr::>perti.es of the sand fill i.n 

the m::>und are in Fig. 3.6 • .3c. Studies were made in June 1970, when the s::>i1 
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ar~und the system was very wet. The water table was f~und a:t ab~ut 100 cm 

bel= the surface at a distance ~f 3m fr~m the m~und. Nextt~ the m~und, the 

water level was at 30 cm. A sample ~f the li.quid i.n the m~und was taken ~n 

July, 30, when the envir~nmental. c~ndi.ti.~ns were qui.te different. Then, 

free water di.d n~t accumulate in an auger h~le ~f 1.50 m depth. The l~adi.ng 

rate ~f this system was estimated t:) be ab~ut 120 ga.lbns/day. The septic 

tank had t~ be pumped out :)nee du:ring the previous winter because ~f' fleezing 

pI'~blems. N~ ~ther pr~blems were rep~rted. 

3.6.4.2. Results and discussi~n 

fuuwer d~ubl.e tube tests in the t~ps~i.l. of the Withee soH. were unsuccessful. 

The combinatbn ~f a p~rous conductive tops~i1 and a dense impermeable B h~ri'" 

z~n, led t~ "boil-~ts" in seven attempts. :Iheref~re, large c~res were taken, 

and K values determi.ned f'r~m them. Results (Table 3.6.4.2) indi.cate that the 

Table 3.6.4.2. Hydraulic c~nduetiv:l.ties ~f' soU h~r:i.z::ms determined on s~il 
,_._. _______ e~!!._~f . .!!.},7i~..l!ilLloa:m pedon (M~und .. SyS~IlI). 

Ibrizon K (cm/day) 

Ap in s~il next t~ m~und 

Buried Ap below mc.lUnd 

A2 in soU next t~ m=d 

Buri.ed A2 below m~und 

II B2tg horizon 

,---_._-_._._--_ .. __ .. ------_._--, 

320 cm/day 

300 cm/day 

T cm/day 

.3 cm/day 

0.3 cm/day 

p~r~us and channeled t~ps~i.l has a very high c~nductivity. Very low values 

were measured in the B2 h~riz~ns. Results sh= clearly that at l.east 30 em 

:)f relative ly per'meable s~il is present ~ver the dense, practically impermeable 

tilL K values f~r a nearby Ap wele the same as those ~f the Ap btuied beneath 

the m~nd. The permeable topsoil is imP~I'ta:nt f~r e~nduetillg liqu:!.d lateraUy 

away from the system, pr~viding hydrauli.c gradients are sufficient.ly large. 



Tne t:lps::>il ::>1' the Vlithee silt bam at t1e ~Wshfi.eld StatiDn had a bwer 

c::>nductivity (Chapter 3.1), because ::>1' c::.rnpactbn. Prev:i::>us land use, that 

determines the structure and physical pr::>perties ::>1' the t::>ps::>il, i.s theref::>re 

a fact::>r t::> be c:JnSidered i.n site eval.uati::lD. Additi::mal data, particularly 

::of the situati::Jn in earl.y spring, is needed bef::>re this system Can be c()m-

pletely eval.uated. 

In a level s::>il with such impeded drai.nage, h::oriz()ntal hyd:raulic gradients 

in the t::>ps::>il can be expected t::o be bw. Assuming a suctbn ln the t::ops::oi.1. 

::of 30 mb, we can make the 1'::>11 ::>wing calculatiDn. M::>lsture retentiDn data 

sh::>w that ab::mt 5% ::>1' the s::>il v:Jlurne bec:Jmes filled with air when S()il. m::ols· 

tu:re suctbn i.ncreases fr::>m 0 (satu:rati~n) b 30 mbar (pF1.5). Given an 

abs::>rptlve area directly bel::>w the m::>und ()f .1.06 m2 and a t::>ps:Jil depth ::>1' 

30 crn, a v::>lurne ::>1' ::>n.1.y .1.600 li.ters (= 400 galbns) c::>u1d be abs::>rbed by the 

131 

8::>i1. Once the s::>il were saturated, the liquid w::>uld have t::> seep away laterally 

and d::>WllWard. The underlying B h::>ri.z::>n (K
sat 

= :3 mm/ day) c::>uld abs::>rb :Jrrly 

ab:Jut 75 gal.l::>ns/ day. The remai.ning 50 gal1::>ns w::>uld have t::> m::>ve lateraUy. 

Saturated K values (varyi.ng fr::>m 300 cm/day i.n the Al. t::> 3 cm/day in the A2) 

are suffi.ciently hi.gh t::> al.lDw this, but the hydraulic g:radi.ents may be t::>:J 

1::r;1. As a result, l.iquid may fill. the m::>und, which then serves as a h::>l.ding 

tank. The water h::>lding capacity ::>1' the m:Jund i.s 7.300 gall.:Jns, (calculated 

by multiplying the cr::>ss sectbnal area, 4.56 m2 , by the length, 19 ill and by 

the p::>r()sity, 0.'34). This is a l.arge affi::>unt ::>1' effluent, equival.ent t::o the 

::out-'put ::>1' effluent in a peri::>d ::>1' ::over two ill::>nths. 

Fu:rther measurements ::>1' the hydY'aulic c::>nditbns at the si.te ar'e needed 

t::> determine real fl::m rates in different seas::>ns, height ::of the ,later table, 

the effects ::>1' freezing :::>1' the s::>il and ::>1' c::>ntinu::>us p::>nding ::>1' li.quid. i.n 

the ill::>und. 
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* The p::>siti::m ::>f the gr::>undwater bel<)W m::>und systems 
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A m~und system can ::>nly functbn pr::>perly when the gr::>undwater (s::>met:imes 

stagnant water ::>n t::>p ::>f an impermeable layer) d::.es n::>t rise c1::>se t::> the s::>j1 

surface ::>r jnt::> the m::>und i.tse1f, due t::> the c:mtinu::>us additi::>n ::>f dYWrIWard 

perc::>lating effluent fr::>m the m::>und. M::>vement::>f gr::>Undwater and the shape 

::>f the water table belYW the m::>und are a functi::>n ::>f: 1) l::>ading rate, 

3) depth::>f the impermeable layer, 4) c::>nductivity distributbn thl (JLlgh-

::>ut the =und-gr::>undwater system, and 5) gradients in the gr::>undwater systenl. 

In m::>und systems, where s::>il b:>unds:ries restrict the directi:>n :>f flYW t::> 

an appr:>ximately h::>riz::>ntal di.recti::>n in the t::>ps:>i.l, certain appr:>ximati:>ns, 

like the ::>ne ::>f Dupuit"F::lrchheimer (fuuwer, 1970, Childs, 1969), can be 

used t:> describe the fbw ::>f gr::>undwater in quantitative terms. Fig. 3.6.5 

(fr:>m: B:>uwer, 1970) gives a cr:>ss secti::>n ::>f a recharge basin (that c:>uld 

where the ::>dgi.nal. gr:>undwater was at 6 feet depth. Due t:> the additi::>n ::>f 

l.iquid fr:>m the m::>und, the level ::>f the gr::>undwater is at 2 feet bel::Jw the sur' 

face at the center ::>f the basin. The hydraulj.c pr::Jperties ::>f the aqui.fer can 

be expr·essed in terms :>f the transmissibility c::>effici.ent T ( = hydraulic c:>n·'· 

ductivity x aqui.fer height). The transmissibility :>f the system may n:>t 

be the same as that f:>r the full height ::>f the aquifer between watertabl.e 

and impermeable l.ayer. This is because m:>st ::>f the f1YW takes place 1.n the 

upper regbn ::>f the aqui.fer. Thus i.t is necessary t::> use an effective 

transmissibili.ty if the flow system is t::> be treated ::>n the basis ::>f the 

h::Jri zontal n:>w assumpti.::>n. steady fl::>w bel::>w the watertab1e ::In t:>p ::>f the 

B can be descl'i.bed with the Dupuit-F:>lchheimer assumpti::Jn ::>f h::J~iz:>ntal fl.:>!, 

as f::Jllyws: 

-_._----------_., 
* 

1 • x = T 
e 

db 
dx 

(1 ) 

The auth::>rs are indebted "G::> Dr. C. R. Amerman f::>r helpful suggesti::ms. 



where I ; infiltratian rate far reehar'ge area, x ; h:)I i z::mtal distance fr::>m 

centerl.ine af reehar ge area, Te effective transmiss:!bility af aquifer, h ; 

he ight af graundwater m::mnd ab::>ve stat ie water table (see Fig. :3.6.5). 
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I . x ; q (; h::>riz::>ntal flaw rate per unit width acrass a plane perpendiC!ul.ar 

t::> direeti~n :>r f'1::>w at distance x fram the center ::>f the fl::>w system af 

i.nfin:!.te length). Integrating between x ; 0 and x ; w/2 yields: 

h - h c e (2) 

where hc ; h at center ::>f m:lUnd (x ; 0), he ; h at edge af m::>und (x = W/2) 

VI ; wi.dth ::>f recharge area. 

The effective transmi,ssibility (Te) can be determined by electrical 

an!l.1::>g pracedures when K is knawn ar by determining aU faet:>rs, except T e 

in equati::>n (2). 

Example : In June, 1970 the f::>.ll.:>wfng values were measured in M:>und 

System III: h = 90 cm, h = 70 cm (water table in surr:>undi.ng s::>:11 was e e 

at 100 cm; bel:JW the mund at 10 and at the sides at:30 cm bebw the surface). 

I was estimated at 0.:33 em/day (l.:>ading rate = 100 ga1bns/day, absarptive 

surface 20 x 6 ; 120 m2 ), Ii = 600 em. It f::>lbws Te = 742.5 em
2
/day. Average 

K f::>r the t::>ps::>il is 15 em/day. The effective hei.ght :>r the aqui.fer, 

theref::>re, ;/::>uId be 50 em, which agrees well with the measured K values and 

the l:>cat:i.an~r the B2tg h::>rlz:>n in the praf:!.le. Kn::>wing Te f::>r a fl:>w 

system, makes p::>ssi.ble ser ies af calculat:!ans, varyi.ng I, Wand hc and he 

The width ~f the maund (W) is a very impartant par'ameter i.n such calculati ::>ns, 

as it ::>ccuxs squared. This p::>ints t:> the general necessity t::> buUd bng, 

e.bngated m::>unds rather than shart and br::>aO. anes,s::> as t:> increase I, with 

the ::>ther parameters c::>nstant. Finall.y, the calculati.:>ns assume that water 

Can m::>ve away l.aterally through the t::>ps::>il. ar::>und the system. Bui.lding a 

system in a low, c::>ncave area will lead to difficulties as liquid accumulates 
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wi.th'lUt peJssible drainage. MeJund systems shC)uld preferably be ceJnst):,ucted 

upsbpe eJn gentle slCJpes. Next fieldseasC)n, we will pay special attenti::)U teJ 

the gr::mndwater leve 1 be bw and areJundmound systems. 

3.6.6. Discussi.::m and preliminary ceJnclusieJns 

The limi.ted amount eJf data available suggest that preJpeI'.ly ceJnstructed 

meJund systems may be an answer teJ the preJblem eJf I.:i.quid waste di.speJsal eJn 

sites unsuitable feJr a ceJnventieJnal buried system. Ibwever, it is tc)c) early 

i'eJr a peJsi.tive ceJnclusi.eJn at th:!.s time. Research will be ceJnti.nued, based eJn 

the feJlbwing pX'eJp0sitL>nfl, tentati,ve suggesti.eJns for deSign, and eJn the 

experience eJbtained in studying these three mounds and several ceJnventL>nal 

liquid waste dispeJsaJ. systems. 

Fig. 3.6.6 shCJWS what a "standrod" m::nmd system weJu1d be like. The 

meJisture ceJntent i.n the meJund at any time w:mld be the resuLtant eJf; 

1. AdditieJn 0)1' liquid teJ the mO)und as: 

1.1. effluent pumped freJm the septic tank; 

1.2. rai.n water 0)1 melted smw perceJlati.ngthreJugh the teJP and 

si.des eJf the mO)und. 

2. Lass;)f liquid f'"l'eJm the meJund by: 

2.1. fbw inteJ and threJugh the undistrubed natural pr()fH,e beleJw the 

mClund; 

2.2. evap()ratieJn at the surface eJf the mO)und; 

2.3. transpiTatL>n by plants grCJWi.ng eJn the t()P and sides ()f the 

mO)und. 

A m()und system works well when: 

1. The effect eJf pXeJcesses 0)1' gr()up 2 exceeds that of prO)cesses ()f categeJT'Y 1. 

2. The effluent, mO)ving inteJ the seJi1 as ind:Lcated in categ()ry 2.1, d()es 

n()t m()ve t() the seJil surface, inteJ l.akes or streams eJr wells, befeJxe 

harmful. micT'eJeJr.ganisms and excessive ameJunts eJf nutrients have been 
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Item 1.1. The effluent f:r()m the septic tar,k can be the usual untreated 

liquid resulting f:r'()m a pr()cess ()f ana.er()bj,c digesti,()n, br i.t can be aerated 

()r chl()T inated bef()re entering the m()und. Aeratbn w()uld be advantage()us, 

par'ticularly in marginal systems like this ()ne, ins()far as it reduces cl()gging 

pr()blems and the duratbn ()f the necessary cleaning treatment in the sClil. 

MicrClb:LCll:Jgi,cal data are needed t:J justify a definite rec()mmendati()Il that the 

addsd CClst ()f installing an a.erati()n tr<:latment facility be c()nsi.dsred serbusly. 

Pumping ()f effluent i.nt() the m()und wiT1. always be necessary. This intr()duces 

the practical. PQssibHity of dosing (as dj.scussed jn Chapter 3.2L t() reduce 

the incidence Clf ana.er()bic c()ndit:bns in the fill material ()f the mClund. All 

lines in a system can be d()sed equally or subsystems may be c()nstructed 

(see Fi,g. 3.6.6) such that ,me of the lines can be closed ()ff temp()rarily 

while the ()ther gets the full l()ad. In thi,s case, the seepage beds f()r each 

line can be separated to aVClid :i.nterfl()w. 

Finally, the pi:f€s should be well protected to aVClid f:r'eezing in winter. 

One possibility w()uld be tCl billY the pipes and to lead them into the m()und 

frClm below (Fig" 3.6.6). 

Item 1.2. Since the Withee sO].1 i. a marginal disp()ser :>f liquid waste, 

any additbn ()f liquid bey()rld the effluent :i.tse 1.f, shCluld be prevented. 

Inf'iltrati:m ()f rain and SCl,rw melt water' intCl the mClund sh:>uld be reduced t() 

a minimwn. CClvex'ing the IlOund wi th plast:l.c would accomplish this but wCluld 

alS() st:>p di,ffusiCln Clf air, ;lhich i.8 essential f()I the breakd()wn ()f Clrgani.c 

wastes. It is better, theref~re, t() give the top ()f the m:>und a c~nvex shape, 

t() accelerate run:>ff. A well devel:Jped vegetative c"ver wCluld als() help t() 

reduce this type ()f infiltrati"m through :i.nterception and transpixatbn. 
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Item 2.1. The effluent w<:luld fbw fX<:lm the pi.pe first int<:l a bed filled 

with C<:larse gravel, then int<:l ab<:lut 3 feet <:If fill S<:l1.1. The upper 8<:li.1 h<:lxi­

z()n <:If the natural s<:lil bel:m the fill 'may be excavated slightly t<:l enlarge 

the area <:If c<:lntact <:If fill and s<:l11. The purp<:lse <:If the 15 cm (6")·· 

thick gravel bed is t<:l aV<:l:i.d plugging <:If fiD. immediately ar<:lund the pipe 

and t::> enlarge the area :Jf c:Jntact wit!: the fill materia1. 

The ch:Ji.ce <:If fi1.1 materi.al is an imp<:lrtant <:lne. C<:larse sands are c<:lD1D1::>nly 

used, pr<:lbably because saturated K values <:If such matexi.a1s are very high. 

H~ver, a very shar·p dr:Jp in K <:lCCllI s when the fill material be c::>rre s unsatur·: 

ated as a result ::>1' crust f<:lrrnati:Jh (see Secti::>n 3.4). wamy sand <:l1 sandy 

bam w:mId be a better ch::>ice f<:lr fiU because alth<:lugh they have l<:lweI 

K t than sand, they have much higher c'nsaturated K values at the sucti:Jns 
sa 

:f 20 t:J 40 mbar' that may be expected t:J <:lCcur bel::>w the gravel. bed after 

crusts have f<:lrmed. F::>r example, a sandy bam till (Secti.::>n 3.2) "':Juld be a 

better ch:Jice than a Plainfield sand (Sec. 3.4; see c<:lnductivity curves ::>1' 

b:Jth materialS in Sectbn 2.3). 

The am::>unt <:If f1<:lW jnt::> the fill and int::> the s::>i.l bebw the m<:lund will 

be related t::> the d:Jsing pr<:lcedur'e (Secti<:ln 3..2), as di.scussed in Item 1.1. 

FL,w int<:l the sl<:lwly permeable subs<:lil h::>ri.z::>ns and, particularly, lateral h:Jri-' 

z:Jntal n<:lif are very imp<:lrtant, since their magni.tude will. determine whether 

<:lX n:Jt the gr<:lundwater' will rise sufficiently t::J change the hydr'auli.c pr<:lper--

ties :Jf the f1::>w system. If the water is mt rem<:lved fast en<:lugh, effluent 

wHl back. up irrt <:l the m:Jund and be sbre d there. Th:1.s may be useful f<:lr sh<:l:rt 

peri:ods <:l1' unusually high 1<:lading <:IT wet s<:lil c<:lnditbns. H=ver, treatment 

<:If the effluent is based -:In ::>xidati<:ln ::>1' <:lrgan:i.c c-:Jmp<:lunds i.n the sewage as 

it <:lCcurs during pr<:lcesses <:If unsaturated fbw. The ffi<:lund is n<:lt meant t<:l 

act as a "st<:lrage tank", and t:J use it as such is t<:l misuse it. F.L<:lW c<:lnditi.cms 
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will be pverned by physical c:mstants (as measured by crust and cl<Xi tests) 

and b:mndary celndi.ti:ms. The general slelpe :)f the area and the bcatbn ::>f 

the site eln the sl.::>pe will be :>f imp::>rtance. Only a quanti.tative analysis elf 

the physical prelcesses inv:>lved will yield reliable results f:>r predicting 

the future behaviClur :>r any system (see Sectbn 4). 

Item 2.2. The rate :>f evapelratieln will primarily be a functielll elf the 

weather. Three aspects are iDlpelrtant (R:>se, 1966): 

1. There must be supply elf heat tel prelvi.de the quite large l.atent heat 

:>f vapelrizati.::>n (590 cal. g·.l at 15elC). 

2. The VapQur' pre ssure i.n the :>verlyi.ng air must be maintained at le ss 

than that at the evap:>rati.ng surface, si.nee evapQratiQn is ?eX·O when there i.s 

n::> gradi.ent in vap:>ur' pressure. ThisPQints, aside frQm air humidity, alSQ 

tel the impQrtance::>f mildng actbn elf the wind. Scattered trees i.n an area 

.may give rise tQ turbulent air movement, as does an elevated mQund eln the 

soil surface. 

3. Sufficient water must c:>ntinue to be available fQr evapelratiQn, thi.s 

being a limiting factQr under dry c:>nditbns. HydrauliC properties Qf 60il 

determine this factor. The height of capiTlary rise of liqui.d i.n a pelIelUS 

medium is a functbn elf PQre, and therefore, parti.cle size. RQde (1962) 

gives the f"Dlbwing simple relatbnship: H = 15/r, "here H = capillary rise 

(em) and r = radius of capillary (cm), assuming c::>mplete wetting elf the walls 

:>f the capillaries. FelT' helmogeneQUB Selil.s the diameter ot: the capi.1.1aries 

.may be replaced by the average radius :>f the soil particles d (cm) so that 

H = 75/d. R:>de compared his ::>bservatielns wi.th the values, determined much 

earlier by Atterberg (1908) felr varbus textures (Table 3.6 .6a) and f::>und 

Batisfact::>ry agreement. 
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Table 3.6. 6a ._L§,!,,! ic~_ si ~~£<L£!!.EillaJ:L_!l~ ___ . ___ ._ .. _____ ._ .. _____ ._. __ .. _ 

Pa:rticle Size (mm) Max. Capi.lla:ry Rise (nun) 

5-·2 

2-1 

1·-0·5 

o 5-·0.2 

0.2-0.1 

0 .. 1·'0.05 

0.05-·0 .. 02 

:)bserved 

25 

65 

131 

246 

428 

1055 

2000 

--_. __ .. _-"--.------
calculated 

21 

50 

100 

210 

500 

1000 

2100 

The f:)r!nu1a is n::>t valid f::>! heavy textured s::>ils. This is due to the rnergi.ng 

::>f films ::>f s::>rbed water em ::>pp::>site p::>re walls, making capH1ary rise imp::>s-

6tble. The table sh::>ws that use :)f a ve!y fine sand-fill (0.1-0.05 nun) in a 

mound, w:)u1d be unfav::>! able since aU. p:)res w::>uld f:l.l1 with liquid up t:) a 

height ::>f ::>ue meter, leaving n:) air t:) be used f:)r purificati:)n ::>f effluent. 

A very c::>a:rse sall d w:)uld be better fx:)m the standp:)int ::>f aerati:)n. l!::>wever, 

c:)nducti vi ty values in such materials decrease very sha:r1l1y as s::>:!l m?isture 

tensi:)n increases. The effect w:)uld be less eVap::>rati:)n. M::>re reliable 

c::>nclusbns can be reached when hydraulic c:)nductivity (K) data :)f di.fferent 

s:)H materials a:re c:)nsidered (Secti:)n 2.3). At suctbns :)f ar:)und 80 mba:r 

(whiCh is about the tensbn :)f the m:)isture i.n the t::>p :)f the m:)und when liquid 

is standing at theb:)tbm at 80 Cm rebw the t::>p), K values sh::>ul.d still am:)unt 

t:) a few nun per day t::> enable evap:)ratbn :)f a sizable am::>unt :)f liquid. The 

values in Table 3.6.6b sh:)W that ::>nly the st:)ny sandy l::>am and, less 6:), the 

silt bam satisfy this c:)nd:l.ti:)n. Sands a:re much less suitable as fill materials 

since c::>nductiv:Lty falls d:)wn abruptly with :i.ncreasing soil. m:)isture tensiCln. 
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Table 3.~6.6b. Hydra!!;lic c::mductivity ,{K)aJi. 80mb i'~ur soil materials jSec. Z...3l.. 

___ . __ s~g_Jilaterials_. ___ . ________ . ____ . ___ !S. (at 80 mb) __ . __ . ___ .. 

St::my sandy bam (Sec . .3.2) 

Silt lQam B2 

Sand (Sec .. 3.4) 

Clay (Sec. 3.3) 

.3 mm/day 

1 mm/day 

0 .. 08 mm/day 

0.06 mm/day 

Amther advantage Qf the stQny sandy bam is its very heterQgeneQus PQrQsity, 

cQnsisting of large and fine PQres (see frQnti.spiece). SQ in add:!tiQn tQ 

fav~rable capillary pX'Qperti.es slsQ purif:!.cati::>n Qi' effluent by Qxidaticln 

can QCCill at the same time (see SectiQn 3.2). StClny sandy l::>am 8Cli.1 lll3.terial 

i.6 abundantly available in the State, where it ClCCurS as extensive glacial 

t ill sediments. 

l~~~.3.. Transpiratbn Cli' plants may be impQrtant fQr the remClval Clf 

liquid frClm the system. Uni'Qrtunately, this mechanism wQrks best i.n the 

grQwing seas::>n Cl:f the year, when the Qther prQcesses Qf liqu:!.d remQval are mClst 

act i ve as we 11. Table 3 .. 6.6c gives preci.pitat:i::>n and PQtential evapCltranspira-

*. 
t:!Qn (inches) at MadisQn, WiscQnsin, (Tanner ). 

Table ....i:.§..:. 6c . P.re ci]2i tatiCln. and pCltential eva]2ClratiCln..1:!l MadisCln, WiscQl'!sin!_._. __ 

Month J F M A M J J A S 0 N D 

Pre cip. (in) 1.3 1.1 1..8 2.5 3.3 4.0 3·3 2·9 4.0 2.1 2·3 1.4 

FE (in) 0.2 0·5 1.3 2·9 4.2 5.4 5.9 4.5 3·2 1.8 0.6 0.2 

---------.-----.-" .. ~--.---.. -.---.-.-."----~ .• -------.. - .. ~----"--.. --"--;....--. 

It is estimated that transpiratbn Qf plants can remClve abQut 5 mm Qf liquid 

per day in July, but Qn1y 5 mm per mQnth in Iecember. The type Clf vegetatbn 

is very :!mpQrtant :fQr the extracti::>n Qf SCli.1. mQisture (Table 3.6.6d). 

,,---'----"---'--'--
* FrClm lecture nCltes Qf P".cCl:fessClr C. B. Tanner, Universi.ty Cl:f WiscClnsin, 

Department of Soil Science, MadisCln. 
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K 
Table ,.:i:6.6~.:._ Land use and annual evap6transpiratb:Q (Tanner) _,,,,,_. ___ ._,,.,_. ____ _ 

Water 

F:Jrest 

Alfalfa",br:Jme 

C:Jrn 

Grain with seeding 

Bluegrass 

Bare 8:J11. 

29-32 i,nches (evap:Jrati:Jn :Jnly) 

25-'30 inches 

22-26 inches 

18-22 inches 

18,-22 inches 

15,-19 inches 

12 .. 18 inches (evap::>rati:Jn ::>nlY) 

,-------,._-------_.,----_._-_.,,-----_ .. _-----_._---_.-_._---" ... 

Every m:llmd system sh::>uld be seeded with deep r::>::>ting grasses, and attempts 

sh:Juld be made t::> grelw al1'al1'a. Shrubs and trees gr::>wing ::>n telP ::>1' m::>unds 

seems t::> be less desiTable ,since their r::>::>ts may gr::>w int::> and disr'upt t:tle lines. 

H:JWever, it w:Juld be highly advantage::>us t::> gr:JW trees :In the s::>il surr::>undi,ng 

the JJl()und, thus str::>ngly increasing the p::>tential lateral f1::>w away fr::>m the 

system. 

The 1'inal requirement ::>1' a septic system is that it pm'ify the e1'fluent. 

M::>re has t::> be learned ab::>ut h::>'W this is acc::>mplished, but we may assume that 

effluent must m::>ve d:JWnward thr::>ugh unsaturated s::>i,l f::>r at least sever'al 

:feet, then by lateral subsm'face m::>vement in the gr::>undwater ::>1' a few hundred 

feet (B::>uwer, 1968). L::>cal hyd:r::>bgical c::>nditi,:ms will determine the fl.::>w 

patterns. Surface seepage ::>1' effluent next tel the melund can be aVelided by 

c::>ver ing the l::>wer sides wi,th a clay layer and a sheet elf black plastic (Fig. 

3.6.6). 

:;r---.------.-----' 
Fr::>m the lecture n::>tes ::>1' Pr'::>1'ess::>r C. B. Tanner, S::>i1 Science D=partment, 
Universj,ty ::>1' Wisc::>ns:In, Madi,s::>n. 
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4. Evaluatbn and plans f'or future work 

1. Purposes of' thi.s project are: 

a. To develop procedures to monitor and evaluate current perf'ormance 

of' liquid waste disposal septic system. 

b. To develop procedures to test prospective soils as to their 

suitability f'or on··site liqu:!.d waste d:!.sposal.; 

c. Devel.apment of' design and management cr:i.teria. f·or adequate septi.c systems 

::m a wide variety of' soUs, including some soils that are dis·· 

qualif'i.ed by current test procedures. 

A. MONITORL1'JG OPERATING SYSTEMS 

The f'ol~owing procedures have been used successfully in this study to 

characteri.ze the actual perf'ormance of' a system at any given time: 

1. Tensi::Jmetry f'o" measuri.ng soil moisture tensions around seepage beds. 

2. M:icrobi::Jlogical and chem:i.cal analyses of' eff'luent in trenches and 

percolates sampled at dif'f'erent distances from the seepage bed. 

Discussi::Jn: In addition consi.deration must be given to the 

level and dynamics of' the ground water in the vi.cinity of' a system. 

PrClperties of' any system vary within a speci.f'ic range as a functbn 

of' system management. Mon:i.tori.ng at a certain time gives only one 

state in such a range. A true quant:!.tative evaluation of all potellti.al 

properti.es of' a system can only be achieved when measurements of 

Group B are also made. 

B. DETERMINI1,G HYDRAULIC SITE CHARACTERISTICS 

Hydrological and physical properties of any soil hor:! zon to be used for 

liquid waste disposal can be determined by: 

1. The crust test procedure for measuring hydraulic conductivity (K) 

of unsaturated soil. The resulting information makes possible the 

estimation of infiltration rates as a functi.on of crust resistance. 
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2. The H:JUwer test fQr measuring K Qf saturated SQil.. '!hi.s value glves 

the maximum infi1tratiQn rate. 

:3. The Saran-clQd methQd fQr llEasuring mQisture retentbn prQperties, 

PQrQsity, bulk densi.ty and COLE values. W1.th these data air CQn·" 

tents Qf the SQi.l can be determined at different suctbns. 

2iscu!!~£: Addit1 Qnal in1'Qrmatbn is necessarY Qn tWQ P<Jints: 

1. BQundary c::JIldit:i.~ns Qf the system (level Qf the grQund water, 

depth tQ SQi 1 hQrizQns in the aquifer, and pr'~pertjes Qf' these hQri.zQns). 

2. The reIatbnship Q1' bbgenic crust deve l.Qpment and resistance tQ 

expected bading rates, e1'f'luent quality and air dUf'us1<Jn in the SQil. 

One example studled (Sec. 3.2) sh~d that ai'ter a week h:Lgh suct1<Jns 

(80 mb) devel::>ped bebw a bed nlled with effluent at a depth Q1' 90 cm 

in sandy bam t1.11, due tQ fQrmatiQn Qi' a crust with a high hydraulic 

resistance, AnQther example (Sec. 3.4) shQwed a bwer suctiQn Q1' 

20 mb belQW a system fi.ned with effluent i.n sand at a depth Q1' 70 em, 

apparently because Q1' a less reSistant crust. The degree ::)1' crust 

devebpment, as a f'uncti::>n Q1' dQsing, e1'1'luent qual.ity and air di.1'-' 

i'usi::)n in the SQil, will determine the e1'1'ective perc<Jl.atiQn rate 

Q1' e1'1'luent i.ntQ the SQi1. Such percQlati.Qn is a prQcess Q1' tWQ 

dimensbnal f'l<JW, that can be sQlved analytically 1'Qr varying 

bQundary cQnditiQns, by using cQmputer prQgrams. Resul,ts::)1' such an 

analysis will apply tQ a tWQ dIllEnsi.Qnal representative cr::)ss sectbn 

Q1' a bed. The next step WQuld be t::) design the whQle (three di.men·' 

si.Qnal) system. 



C. CONSIDERATIONS FOR SEPl'IC SYSTEM CONSTRUCTION AiIJD MANAGEMENT 

Size and shape ':If systems can be d'~termined ':In the basis :>f analyses as 

described under B, /oib':lve. 'Ibebading regime and p':lss:!.bly even effl.uent 
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quality and quanti.ty will have t':l be man:!.pulated in such a way that an ':lptimal. 

crust resistance results. An ':lptima.l resistance is defined as being suffi.ciently 

bw t':l enable significant infi.ltrati':ln ':If effluent int':l the s':lil, but su:ffici·· 

ently hi.gh t':l result in bacteri':ll':lgic;al puri.ficat:i.':ln ':If effluent withi.n a 

distance ':If a few feet. 'Ibe pI'':lblem ':If chemical p':lll.uti::lIl needs additi':lnal 

study. Any ':lpti.mal. crust resistance will result in a certain unsaturated K 

value, as independently determined by the crust test f':lr the same S':lil h':lriz':ln. 

lli.mensi.::lIls ':If the system can then be based ':In this K, with the additi':ln ':If a 

safety margi.n ':If p':lssibly 10 percent. 'Ibl.S type ':If anal.ysis applies t':l m':lund 

systems as well as t':l c':lnventi':lnal systems. 

2. PI'':lp':lsals f':lr future w':lrk 

In view ':If data rep':lrted i.n the literature and ':If experience in thi.s pr':l" 

jed in j.Jisc::lllsin, the f':lll:lWing w':lrk is pr':lp':lsed f':lI' the immediate future: 

L Investigati':ln and m':lnit':lring ,using meth':lds described l.n this rep':lrt 

and a c':lnti.nuing study ':If systems already investigated, :i.ncluding m':lund 

systems. 

2. C':ll.lect:i.':ln ':If quantitati.ve 1.nf':lrmati.':ln i.n these systems ':In crust 

resistance as a functi':ln ':If d':lSing, quality ':If effluent ~.ncluding effects 

':If al'Iati':ln chambers) and ai.r diffusi':ln i.n the s':lH. TIl:i.s inf':lrma-

ti':ln will. be supplemented by results fr':lm c':ll.umn studies i.n the 

bacteri':ll':lgy lab':lrat:>ry. 
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3. Devebpment "f a c"mputer pr"gram, :1.n c"operatbn with USDA Agr:1.­

cultural Research .Serv:1ce f"r tw" dimensional f1:lW ar"und seepage 

trenches as a functbn "f varJ ing boundary c"ndttions., and s":1.1 type. 

Effect on level "f groundwater below and around sept:i.c systems by addi·,· 

tbns of liguld from them may be incorporated int" such programs, 

jr can be appraximated by separate procedures as described in the 

literature (DupuU"Forchheimer assumptbns). 

4. C"ntinuati"n of studies of bio.l:Jg:1cal purification of effluents 

thr:)ugh so:i.1 abs:)rpti:)n b:)th in soil. c:)lumns in the laborat:)ry and 

in the field (in co:)peration ';ith the I:epartment of Bacteriology). 

5. Collectbn of more data "it chemical polluti::m (NO.
3

, Cl, and p) 

caused by private septic tank systems, and explorati.on of means to 

minimize this danger. 

6. iYleaslllement of s:)11 temperatllles around seepage fiel.ds and i.l1 

mound systems in the winter. 
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**. Appendix 6.1. Pr:)file descri.pti.::ms and particle size analyses • 

PEOON:# Near Marshfield, (see Secti:)n 3.1) and ped::m underlying the M::;und 
System III (see Sectbn 3.6.4). 

LOCATION: Marshfi.eld Agri.cultural Experimental Stati::;n, i.dle gr::>und near 
barn in the gw'L SEL Sec. 15, T25N, R3E. 

DATE OF DESCRlPI'ION: Jur.e 8, 1970. 

PROFILE DESCRIBED BY: J. B::;Ullla, W. Walker, D. J. VanR::;:)yen. 

PARENT MATERIAL: L~ss ::;ver acid glacial ti.lL 

PHYSIOGRAPHY: Gently undulating glacial m::;rainic landscape, underlain at 
ab::;ut 30 feet by Precambrian crystalline (graniti.c) r::;cks. 

DRAINAGE CLASS: S::;mewhat p::;::;rly drained. 

SLOPE AND ASPECT: 0'-1% east. 

EROSION: Ib :)bservable er:)si:)n: S::;il is pr::;tected by present dense vegetative 
c:)ver. 

VEGETATIVE COVER: Waste land c::;vered with weeds. 
: 

CLASSIFICATION: Aquic Gbss:)b::;ralf; fine-·l.:Jamy, mixed, frigi.d; Withee silt 1::;&'Tl. 

H::;riz::m & 
Depth (cm) 

Ap 
0-18 

A2g 
18-27 

Bl 
27-37 

* .• 

PElJON DESCRIPTION ---------

2bservati~ 

Very dark grayish br:JWn (10YR 3/2)* when br::;ken, dark br:)wn 
(lOYR 4/3) when rubbed; si.lt bam; str:mg fine p.l.aty; firm; 
C::;flUn:m clear disc::;ntinu::ms dark reddish br= (5YR 3/4) ferrans 
al::;ng planar v::;ids; fine few (2%) r:)U11ded black manganese-c::;ncreti::;ns; 
r:):)ts tend t:) f::;ll:JW vertical cracks i.nt:) B-h::;riz::;n; pI! 4.5; abrupt 
and sm:)::;th b::;undary. 

Br:JWn (lOYR 5/3) when br::;ken and rubbed; sUt bam; m:)derate 
medium pr'isms breaking int:) m::>derate fine plates; firm; c:)mm::;n 
faint yell::>wish red (5YR 5/8) m::;tt1es; upper h:)rizon ferrans like 
th::;S€ i.n the Ap and few pr::;minent vertically ebngated m:)ttl.es 
al:)ng :c::;::;t channels extend :Into the ro.; pI! 4.5; gradual wavy b::nmdary. 

Reddish br(Jl.m (5YR 5/3) when rubbed and pale br:)wn (lOYR 6/3) when 
br:)ken; silt bam ~lith p:)ckets ::;fVsilt loam and a few pebbles; 
m:)derate medium prisms brealdng int:) m::;derate fi.ne plates; fl.rm; 
pH 4.2; gradual wavy b:)undary. 

All. particle size analyses were made by D. J. VaIlRo:)yen. 



H~T'iz~n & 
Depth (cm) 

IIB2tg 
27-50 

IIB22tg 
50-63 

IIB3g 
63··120 

C 
120+ 
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Observati~ns 

Dark br::JWn (7. 5YR 3/3) t~ grayish br::JWn (lOYR 5/2) "hen br'lken 
and br'lwn (lOYR 5/3) when rUbbed; l::>am with few pebbles; m'lderate 
medium prismatic breaking into m~derate medium plates, firm, dis­
c'lntinu'lus skeletans evident 'In larger ped faces, pH 4.2; sm'l'lth 
and gradual b'lundary. 

Dark reddish brown (5YR 3/4) tel dark brown (Y.5YR 4/3) when br'lken 
and yelbwish red (5YR 4/8) when rubbed; loam; m'lderate coarse 
primsm breaking i.nt~ moderate medi.urn plates; fir'm; fe~l fai.nt bI''lwn 
(7.5YR 5/4) m'lttles 'In planar faces; di.sc'lnti.nuous skeletans 
evident on larger ped faces; pH 4 .2; sm~'lth and gradual boundary. 

Dark reddish brown (2.5YR 3/6) + when br'lken; str'lng brown 
(7.5YR 4/6)+ when rubbed; clay loam with coarse and very C'larse 
sand pockets; very C'larse prismatic structure breaking int::> weak 
COaI'se plate s; pockets with coarse and very c::>arse sand have weak . 
C'larse platy structuxe; firm; few faint fine light gr ay (2. 5Y T /2)* 
mottles al:>ng r~ot channels; pH 4.1; sm~::>th and gradual b~undary. 

Reddish brown (5YR 4/6) with mottles of oEve gray (2.5YR 5/1) 
when bI''lken; sandy clay l:l!!Ill; weak very coar'se prismatic; slightly 
plastic to sticky; pH 4.3. 

*Munsell col.or designations are for moist soil unless stated otherwise. 

#See Figme 3.3 • .3 for bcati.'ln. 

+Co10r and notati'ln f'rom the Japanese Standard S'liJ Color C'nart. 

!'ar!!.f~._size .£i~~rJ:~!2.!2.l._Hi~~_~ilL!:~.~ .. _,. .... ". __ . __ ._. ___ .,, ___ ...... , .... ,._ 
VCS C.S. l'I.S. F.S. V.F.S. C.S1. M.Si .• F.SL Clay ~ta1 

.• __ , ______ • ___ ~Q,_' ____ R_'Y ... ___ ~. __ "_._,_. __ ._._~. __ ,,_,o,_,_. ___ ,, ___ , __ ,,_o_""_.~_." __ "M _____ ' 

Ap Tr 1.40 4·90 5. yo 14 .. 90 21.00 24.00 9·00 19·50 100.00 

A2g T:r 1.10 2.80 2·50 14.10 17·50 27·50 8.50 21.00 100.00 

B1 0.6 1.60 5.00 4. TO 14.60 22.00 28.00 10.50 13·00 100.00 

TIB21tg T:r 0.50 7.80 9·50 9·70 13·50 18.50 7.00 22·50 100.00 

HB22tg T:r 1.40 y.20 7.20 16.70 17.00 19·00 8.00 23·50 100.00 

IIB3g T:r 1. yo 8.50 9·00 12·30 16.00 8.50 8.50 29·50 100.00 

c 0.2 2.30 14.20 13·50 20·50 n.oo 5·00 6.00 19·50 100.00 
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PEDON: Near Arlingt::m, Wisc::msin (see Section 3.2). 

LOCATION: This site is :m the U.W. A:rUngt:m Agricultural Experi.rrent Stat:i:m, 
ab::mt 50 feet east Qf the felIce east Qf the h:mse Qn the bultry 
Farm in a cultivated CQrn fi,)ld. 

DATE OF DESCRIPrION: July 16, 1970 by D. J. VanRQQyen and W. Walker. 

PARENT MATERIAL: wess Qver a dQbmitic sandy bam glacial till. 

PHYSIOGRAPHY: RQlling b hilly glacial landscape underlain by OrdQVi.cian 
Prairie du Chien dQbmlte (limestQne). 

DRADffiGE CLASS: Well fuained. 

SLOPE ArrD ASPECT: AbQut 4% east. 

VEGETATIVE COVER: Fi.eld CQrn at time Qf descriptiQn. 

GROllTDHATER: N::>t Qbserved with:!.n depth Qfsampl1ng (ISo cm). 

CLASSIFICATION: Typ:!.c Argu:!.dQll.; fi.ne silty, mixed, mesic; SaybxQQk silt bam. 

HQrizQn & 
Depth (c!i2. 

Ap 
0-20 

B2lt 
20-55 

IIB3t 
65··85 

JIC 
>85 

.Qbser!!J::tQPE. 

Very dark brQwn (lOYR 2/2)+, silt bam; weak medhlm subangular 
bbcky; firm; abrupt sm()::>th b::>undary. 

Dark brown (7.5YR 3/3)* when brQken and br:JWn (T.5YR 4/3)'* when 
rubbed, silt lQamj weak medium subangular blQcky; firm; gradual, 
SD1Q::>th bQundary. 

Dark br':JI;n (7.5YR 3/4)*, sandy bam; wi.th few pebbles weak CQaIse 
sub angular bbcky; f:r iabl.e; gradual. SIDQQth bQundary. 

Br::>wn tQ dar k br:JWll (T. 5YR 4/4), sandy bam with pe b ble s; we ak 
CQar5e sub angular' blQcky; very friable gradual sID::>Qth bQundary. 

Dark yelbwish br:JWn (lOYR4/4), sandy bam wi.th pebbles and 
bQunlders; structure less; lQQse. 

+ M::>i.st cQl::>rs by Munsell SQil C::>br Chart unless Qtherwise stated. 

* MQist cQ.brs by Japanese Standard 8::>:i.l CQlQr Char't. 

Part icle .. _!!.:!:~_~tri but13!lLSa,ybrZ2~..!!il L!:2!'!!ll_{ ChapteLJ..=EL_. ___ . ____ . __ 

Ap 
B2lt 
IIB22t 
TIC 

VCS C.S. M.S. F.S. V.F.S. C.Si. M.Si. F.SL Clay TQta1 

0.5 
0.5 
1.5 
1.3 

1.5 3.5 
1. 5 5.0 
5.0 14.5 
4.0 25.5 

2.5 
4.0 

13·5 
20.1 

23.5 34.0 
19·5 32.5 
8.5 H.O 

1.3.0 6.0 

9·5 20.5 100.00 
10.0 18.0 100.00 

3·0 9·5 100.00 
2.0 5.0 100.00 _ .. _._ .. _-_._--_._---_.-_._--_._----_ .. _-_._ ..• _--_._.---_._-_._-_ .. 
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PEooN: Near Ashland, Wisc:msin (see Secti.an 303). 

DATE OF I1ESCRIPI'ION: August 7, 1970 by J. Bauma and D. J. VanRaayen. 

PAREN'r MATERIAL: Red lacustrine clay, rewarked and deposited as glacial. till. 

PHYSIOGRAPHY: The site i.s located an a 2'/0 slape af a hilltap in an undulating 
landscape. A gulley (l~% slape) is faund at 10 m dawns.bpe 
£'ram the air vent af thE. d:rai.nage bed. 

DRAINAGE CLASS: Maderate1y well drained (whi.ch far puxp::Jses ::Jf li.qui.d waste 
disp::Jsal must be translated as "pa::Jrly dra:i.ned"). 

SLOPE: 1··2% N. 

VEGETATIVE COVER: Grass. Original vegetati::Jn was narthern mixed coni.fer::Jus·· .. · 
hs:rdwo::>d fbre st. 

GROUNDWATER: Nat observed within the depth af pi.t (120 cm). 

CLASSIFICATION: Typic Eutr::Jbaralf, (Gray Wo::>ded soil) very fine, mixed frigid; 
Ontonagan silty clay bam. 

A2 
10-18 

B1 
18-24 

B21t 
24-37 

B22t 
37-65 

'Reddish bra.fU (2.5YR 5/4)+ when br::Jken and dull reddish brawn 
(2.5YR 5/3)* when rubbed) sUty clay bam; maderate fine sub··· 
angular· blacky; comman faint discant:Lnuaus skeletans along ped 
faces; £'riable; smoath cles:r boundary. 

Reddish brawn (2.5YR 5/4) when broken and rubbed; silty clay 
loam with a few small stones; moder'ate medium subangular blacky; 
lacally ljme depasit af sU t Size; skeletans caat surfaces af 
ls:rger voids; few faint yelbwish red (5YR 5/8) Fe-mottles al::Jng 
plans:r voi.ds and rO::Jt channels; fri.able; gradual. wavy boundary. 

Da:rk yell awish brawn (lOYR 4/4) when broken and yellowi.sh br::Jwn 
(lOYR 5/4) when rubbed; c.ley laam wi.th some small st::Jnes; moderate 
medi.um prismatic breaki.ng to str::Jng medl.um and fi.ne angula:r 
bbcky; f'ew f'aint skeletans on ped faces; slightly hard; boundarj' 
sm::J::>th and gradual. 

Reddish br::rwn (2.5YR 4/4) when broken and rubbed; clay with 
smal.l stones; str::Jng very coarse prismatic breaking t::> strong 
medium prismatic breaking into stroJ:1.g medium angula:r bbcky; 
81i ghtly hard; gradual smooth boundary. 

Red (2.5YR 4/6) when rubbed and broken; clay wUh pebbles and 
small stones; strong very c::Jarse prismati.c breaking to stI'::Jng 
medium prismatic breaking to strong medium angula:r blacky ":i.th 
c::Jmm::Jn fine (1·'3 mm) grayj.sh red (7.5R 6/2)* CaCO, .. glaebules; 
hard when dry and sticky when "et; gradual and sm:l::Jth boundary. 



B3 
65-·120 

c 
120+ 

Red (2.5YR 4/6) when bXQken and rubbed; clay; mQderate CQarse 
prismatic breaki.ng intQ mQdeIate medhun angular b.l.Qcky; cQ1Qr 
changes tQ weak red (lOR 5/4) in the parts Qf the hQrizQrl that 
are rich in l.ime, with CQmm::>n fins (1-3 mm) grayi.sb red (7. 5R 
6/2)*' Cac0

3 
- glaebules; hard;bQundary smQQth and gradual.. 

Red (2.5YR 4/6) wben brQken and rubbed; clay stnng CQarse prismatic 
breaking :!.ntQ strQng medium angul.ar bl.Qcky. Olive gray (lOY 6/2) 
cQl::Jrs al.Qng r::JQt channels; wi.th CaC03 glaebul.es; greenisb cQaM.ngs 
alQng ped faces; sli.gbtly hard. 

+ MQist c::>l.::>rs by tbe Munsell nQtatbns unl.ess Qtherwi.se stated. 

* MQi.st cQbrs as in the Japansse Standard SQil. C::Jl.Qr Chart. 

fart~£le_~_!!i1!tributi::>n Qf B3 in On~2~!!._£12,Ll.gJaPter ],!,n.:...... ________ .... 
____ ._. ___ YQL.S§-=-- M.S. F.S.--y':'!"&': __ C.Si. . ...lh§1:..:..... F.Si. C~._.~.2!al 

£.3 (90cm) 0.2 1.4 4.6 5.8 l3.0 4.0 12.012.5 46.5 100.00 

PEDONS: Near HancQck and Friendship (Eiee SectiQn 3.4). 

LOCATION: HancQck Experimental Stat:bn and private land nsarFriendship. 

DATE OF DESCRIPTION: Sept. 17, 1970 by J. Bouma. 

PARENT MATERIAl,: Sandy sediments Qf glaci.al Qutwash and eQUan ::>rigins. 

PHYSIOGRAPHY: The area is nearly level t::J undul.ati.ng. 

DRA:JJ"'iAGE CLASS: Excessively drainsd. 

SLOPE: 0·-1%. 

EROSION: N::> Qbservable erQsiQn, although SQil was bare at mQment Qf i.nvesti·­
gatiQn. 

CLASSIFICATION: Typic Udi.psammentj sandy, mixed, mesic; Plainfi.eld bamy sand. 

Ap 
10-26 

B21 
26-62 

B22 
62-86 

B3 
86-110 

C 
11.0+ 

Very dark grayi.sh brown (lOYR 3/2) loamy sand, apedal. cQherent 
structure resulting from i.ntergranular bQllds in the s"matrix; 
slightly firm; abrupt and sm::>oth boundsry. 

Str::Jng brQwn (7.5YR 4/6) s'alld; structure as in Ap; friable; 
diffuse and smQQth b"undsry. 

StrQng br:JW!1 (7.5YR 5/6) sand; si.ngle grajn;bose; gradual and 
smQ~th boundary. 

Str::Jng brQWll (7.5YR 5/8) sand; single graj.n; lQ"se; gradual. and 
sm""th h::>undary. 

Brawnish yellow (lOYR 6/6) sand; singl.e grai.n; lOQse. 
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Particle size distTibutic:>n :>f Plainfield 
---~-.----

b1llllY . ..:!and:. __________ . ___ ._ 

V.C.S. C.S. M.S. F.S. V.F.S. C.Si. M.Si .• F.Si. Clay Tc:>tal 
.. ~-.--.- ----_ .. 

Ap 0.5 l4.1 46.4 20.8 5.0 1.5 4.0 2·5 5·5 100.00 
B2 0.9 12 •. 1 42.0 22.8 6.6 1.5 4.0 1.5 4.5 100.00 
B22 0.6 7.5 55·2 28.5 4.3 a 0.5 0.5 3·5 100.00 
B3 4.2 12.1 53.7 24.1 3·9 a 0 0 2.0 100.00 
C 1.8 6.9 34.8 40.1 5·9 a a 0 1.5 100.00 

PEDON: Near Nei.l1svi11e, (similar t(l ped(ln (If MQUnd System n) (Sec • .3.6.2 -f 3.6.3). 

LOCATION: Glark C(lunty 1>/isc(lnsin: NE~, NW~, Sec. 10, T24N, R.3W 10 meters 
we st (If the mc:mnd system and 15 meters n(lrth (If the house (see 
map of area). 

CODE: CAT 1 

DATE OF DESCRIITION: June 17, 1970 by J. fuuma, D. J .• VanR(l(lyen and W. Walker. 

PARENT MATERIAL: Wind blown sandy dep(lsits (lver weathered, strati.fied, 
sandstone bedrock. Surface (If bedr(lck estimatedt:> be at 
2 m. 

PHYSIOGRAPHY: Gently rolling l(lw land. 

DRA.INAGE CLASS: WeLl. drained. 

SLOPE MID ASPECT: 2'% northwest. 

VEGETATrJE COVER: S:>11 c:lvered 50% by new gr:JWth :>f grasses and weeds. 

GROUTIDWATER: Observed in pr:lfile pit at a depth :If 145 cm bebw surface. 
(see cr(lSS sectbn in Chapter 3.6.2). 

CLASSIFICATION: Typic Hapbrth:ld, c:>arse··lo1llllY, mixed, frigid; Hllmbi.rd sandy 
I :lam. 

/ * + Al Bl.ack (10YR 1.7 1 ) , sandy bam;apedal; very friable; clear and 
0-5 wavy b(luudary. 

A2 Dark br(JWn ('r .5YR 3/1) in the upper par·t :>f the h(lriz(ln gradi.ng int:> 
5···11 br(lwn (7.5YR 5/2) in the lower part, sandy l:>am; apedal; friable; 

clear and sm:>(lth b(lundary. 

B2lhir Yell.(JWish red (5YR 4/6), sandy bam; apedal; fri.able; gradual and 
1l-.1.5 sm(l(lth b:>undary. 

Yelbwish brown (lOYR 5/6), sandy loam; weak fine sllbangular bl:>cky; 
slightly firm; d:!.ffuse and sm:>:>th b(lundary. 



IIIC!2 
>50 

* 

Yell=i.sh b:rown (.l.OYR 5/4), san1y loam; weak fine subangula.r blocky; 
sl.ightly fi.rm; gradual. and broken boundary. 

PaLe olive (5Y 6/3), channery (30%) sandy loam; weak fine sub­
angular blocky; sl.i.ghtly fi.rIn; gradual. and sm:l:lth b:lUndary. 

Fr:lm 50 t:l 100 cm depth there are three distinct interstratifi.ed 
bands :If: 

White (5Y 8/2) sand, apedal, si.ngle grai.n; moderatel.y cemented; 
brittle; abrupt smooth b:lundary. 

Ye110wish br::>wn (lOYR 5/4), sand; simi.lar to wMte sand in other 
properties. 

Oli.ve gray (lOY 5/2)+, clay bands; apedal, c:)!llIJ:lsed of medium 
horiz:lntal strata; very Plastic, sli.ght1y sticky; many distinct 
medium strong brown (7.5YR 5/8) iron cutalls al.:lng horizontal 
strata; abrupt and smooth boundary. 

Eelow 100 cm there i.B C:larse whi.te sand (5Y 8/2), weakly cemented. 
Cementation i.ncreases with depth. Unweathered sandstone i.s 
estimated to :lCCUl' at 2 m depth. 

Cobra are ooi.st unless otherwi.se stated. 

REMARKS: 

1) There are 20 cm :If mixed sandy soi.l overburden materi.al. :In top of the 
A1 h:lriz:ln, resulting from constructi.:ln. 

2) '[\)p h :lriZ:lns (down t:l IIC2) vary in texture :i.n the ped:ln. ,lhere the 
percent of sand increases with depth the profile development extends 
deeper into the pedon, with the resu:J.t that the B3 (7.5YR 6/3) extends 
to the .IlIC2 in places. 

Particle size distributi:ln of Humbird sand,y :b2~.J.C-'hapter 3 .. 6.2 and 3.6.31:._ .. 
~:==--==v .£:·13: ..... C.S:-- M • .§.:.. F .s ... _y.F .s. _£.:Bi.:.-.l.!.:.Si.:.._1::.Si. __ Clay total 

A1 0.6 9.7 26.1 14.6 18.0 8.7 11.5 4.5 7.0 100.00 
A2 1.8 13.0 28.5 15.1 20.1 4.5 10.0 2.5 5.0 100.00 
B2lhir 2.2 11.9 21.5 12.7 16.2 4.0 8.5 6.0 1.7.0 100.00 
B22hir 2.0 10.4 19.2 12.0 15.0 4.5 11.5 7.5 1.6.0 100.00 
B3 1.8 9.6 22.2 16.7 22.0 4.5 7.5 6.0 10.5 100.00 
IIIC(sand) 0.7 8.6 56.2 28.3 4.2 0 0 0 2.0 100.00 
rnC(c1ay) 0.7 2.0 3.2 3.6 9.5 4.0 14.0 1.2.0 51.0 100.00 

. __ .-._--_. 



Appendix 6.2. Additi::mal 6::>jl physlcal data :)f previClusly studi.ed pedons. 

Additional s::>il. samples were collected fr::>ill ped::ms studi.ed during the 

previ:)us field seas:)n (B::>uma ~~, al., 1970). Physical analyses were msde 

f'Cll,lowing pr::>cedures as described in Section 2.4 of this rep:)rt. Results 

are reported for: 

L Oshkosh clay (Typic Eutrochrept), n"ar amro, ~Iisconsin. One virgin and 

one cultivated pedon were studied. (Fig. 6.2.1a and Fig. 6.2.1b). 

2. Tama silt .loam (Tjrpic Ar-giudoll), near Plattev:!1.le, Wisconsin. One 

viI'gin pedon (Fig. 6.2.2a) and ::>ne cultivated pedon (Fig. 6.2.2b) were 

studi.ed. Bulk densi.ty data f::>r both pedons are presented in Fig. 6.2.2c. 

3. Pl.an::> silt loam (Typic Argi.ud:)ll); near Madison, Wisconsin. One cult i." 

vated pedon was studied (Fig. 6.2.3). 
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Moisture retention and porosity data" 
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bulk density (gr/cc) 
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Tama slit loam (Platteville) i 
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