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WISCONSIN MOUND PERFORMANCE
James C. Conversge* E. Jerry Tylar*

The Wisconsin mound on-gsite wastewater soll absorption system was developed
in the 1970's for use on some soi{l and site condictions unusable for the
trench or bed in~ground soil absorption system. The system overcomes bath
hydraulle and treatment restrictions in an environmentally acceptable manner
with reasonable maintenance and cost.

After researching and demonstrating several mound siting requirements,
design concepts and construction alternatives, the Small Scale Waste
Management Project (SSWMP) recommended the use of mounds for a trial perloed
ro the State of Wisconsin.. A trial period is a time of limited use to
slowly introduce technology while required education {s offered and the
iastitutional framework is tested. A erial program was initlated by the
Bureau of Plumbing (thea in the Department of Health and Social Services,
now In the Department of Industry, Labor and Human Relations) in cooperation
with SSWMP of the University of Wisconsin-Madison and county zoning
aduinistrators and sanitarians..

A design and construction manual was developed (Converse, 1978). Training
sessions were held to lnstruct county sanitarians, site evaluacors,
designers, and installers on sicing, design, and construction procedures for
mounds. During the trial program, county parcticipation was optional since a
number of inscitutional restrictions were placed on the program, including
certification of inspectors and state level plan review.

After completing the trail program and a comprehensive enviromental impact
statement, the Wisconsin mound systex was placed in the Wisconsin Plumbing
Code as an alternative soil absorption system. Because of land use
concerns, a yearly quota of alternative systems installed for new
construction has generally been 3% of the pravious year's permits for
on-site disposal with the largest proportion belng mounds. Currently there
are bectween 7000 - 9000 mounds in Wisconsin; a majority of which replace
failing systems. Because of walting lists, cthe limit on the number of
mounds for new construction in several councies was increased to accommodate
a demand greater than the quota.

*James C. Converse, Professor, Agricultural Engineering Dept.; E. Jerry
Tyler, Assoclate Professor, Wisconsin Geological and Natural History Survey
and the Soil Sclence Department, Universicy of Wisconsin. Research
supporced by the College of Agricultural and Life Science and the Small
Scale Waste Management Project, University of Wisconsin-Madison.
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The current soll-site criceria for the Wisconsin mound system are given in
Table 1 along with che criteria for the in-ground trench and bed system.
Recently a study was complerted for mounds on more difficulec sices, which
showed chat the criteria for mounds in Table 1 are very conservatcive.
(Converse and Tyler, 1985a)

Table 1. Soll Site Criteria for In-Ground Beds and Trenches and the
Wisconsin Mound.

Param;ter i =-=='.;:z::- In-;round ) ;ound-‘--a‘-ﬂ
Depch to High Water Table ft (cm) 4-5 (122-152)3 2 (GO)Q“

Depth to Creviced Bedrock ft (cm) 4~5 (122-152)4 2 (60)

Slope A 25 6~-12¢
Percolarion Rate mpi{mpcm) 0-60 (O-ZA)d 0-120 (0-48)

a: Need 3 £t (91 ¢m) of separation between the aggregate/soll
interface and the limiting condition for both in-ground and
mound. Depth will depend upon how close to the surface the
in-ground system is located.

b: Distance for new construction. For replacement syscems depchs
have been less.

¢: Maximum slope depends upon the percolation rate. If 0-30 mpi
(0-12 mpcm) maximum slope is 12Z; 1if 30-120 mpi (12-48 mpcm)
maximum glope 13 6Z.

d: Zero percolation rate for in-ground systems is not recommended.
The (mpcm) is minutes per centimeter.

Objectives

The goal of thia project was to determine the performance of mound
syatems. The specifiec objectives were: 1) to determine the degree of
success with the mound program, 2) to idenctify any technical
problems that might be occurring, and, 3) to determine the
gserlousness of any technical problems identified.

Mound Principles

The mound system, consisting of a septic tank, dose chamber and mound, 1is
shown in Flgure 1. The mound is constructed with a medium sand, which is
placed on the tilled natural soil. Within the fi1ll is an absorption area
(bed or trench of aggregate) and a pressure distribution network. The fill
beneath the absorption area and the natural soil provides the necessary
separation discance for treatment prior to the effluent reaching the
rescrictive layer. Arrows in Figure 2 indicate the wastewater flow from
mounds for different soil-site conditlons.



IOBSEHVATION TusBE

soIL ; DISTRIBUTION
A
FABRIG e\ ' / LATERAL

SAND

=\":=:'[:_——-\

TOPSQIL A e FILL

FRBM. o ""‘J/—'s"vm\ﬁi‘i:;ﬁ':“" _.' 7:_'|)"“:41 T y —— " . ",LA'—.L: . E e T

"' - A 11 SUBSOIL .. BIOERENEAA S (LY SR o § o ho——

HOUSE ! _ LEVEL™ L f CUR Tl j A % SLOPE "5

| s (T /" BASAL AREA AGGREGATE
! PLOWED LAYER ABSORPTION

AREA

1™

7% SLUDGE i

o, |
:.”F/ ﬁ ~ [ Pump

HIGH WATER .~ o MOUND
ALARM SWITGH PUMP SWITCH —
SEPTIC TANK DOSING CHAMBER

Figure 1. Components of the Wisconsin Mound System

Potential Problems

Potenctial problems with mounds are 1) concinuous ponding in the absorption
area (bed or trench) 2) seepage out the side of the mound near the

absorption area; 3) Spongy area on the side of the mound; 4) leakage out the
toe of che mound;- 5) spongy area near the toe of the mound; 6} excessive
flowback of effluent to the dose chamber; and 7) most of the effluent
remaining in the dose chamber after the pump or siphon is activated. Figure
3 shows the location of potencial mound problems and Table 2 gives che
symptoms and causes.

Ponding: Ponding is standing wastewater within the aggregate and observed
in che observacion tubes. 1In many cases ponding will occur for a short time
during and after dosing. Normally, within a short time, the effluenc
infiltrates into the sand at che sand /aggregate interface. However
continuous ponding occurs when a crust starcs to develop at the
sand/aggregate interface (Fig. 3) or when loading is too high. 1In the
spring of the year it is not unusual to see ponding in the bed caused by
clogging developed during cold weather or overloading due to excessive
groundwater infilcration into the dose chamber. In many instances this
ponding disappears by midsummer. However, continuous ponding has been
observed in some mounds and can be caused by a number of factors (Table 2).

The two most common causes of continuous ponding are overloading and too
fine a sand fi1ll.

Side seepage: Ponding alone does not constitute failure, but failure can
occur if the ponding continues to increase causing either side seepage of
raw effluenc onto the surface of the mound, excessive flowback of effluent
to the dose chamber after the pump shuts off, or a combination of both.

Side seepage will occur at a weak spot located on the side or top of the
absorption area. If there is no weak spot around the absorption area, then
the effluent will flow back into the dogse chamber and continue to
accumulate. The pump will cycle frequently and eventually the alarm will be
set off indicating pump failure.
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Figure 3. Cross section of Wisconsin Mound Showing Potential Problems.

Spongy side: On occasion a spongy or soft area will occur on the side of
the wmound near che absorption area (Fig. 3). This indicates that the soil
is near saturacion and there is undoubledly ponded affluenc in the
absorption area,

tbe leakage: Toe leakage occurs at che downslope contact of the mound with

'*}§he orginal soil surface. It 13 seen as water on the ground surface. Toe

leakage occurs when the sand/soil incerface (basal area) does not accept all
of the wastewater moving at the sand/soll incerface before it reaches tha
toe of the mound (Fig. 3). Table 2 gives some of the causes for the
leakage. During wet weather, some leakage may occur for a few days,
especially if the soil is saturated near the surface. On several cccasions,
leakage at the toe has occurred with the natural soil beneath the sand £111
being dry. For some reason the effluent will not infiltrace into che
natural soil from the saturaced sand £f111, Research 13 in progress to
explain chis form of leakage.

Spongy toe: A spongy or soft area may occur at the toe of the mound (Fig.
3). The sand £111 in the mound near the toe is saturaced indicating either
insufficienc basal areas, to large a 1linear loading rate, or possibly wet
weather conditions. Depending upon circumstances toe leakage may
occur.(Converse and Tyler, 1985a, 1985b; and Tyler and Converse, 19385).

Excessive flowback into dose chamber: When the bed 1is severely ponded the
pump will surcharge che absorption area and force effluant above the
distribucion lateral and into the overlying soil resulting in excessive flow
back and possibly side seepage (Table 2).

Effluent levél in dose chamber doesn't decrease: 1If an excessive amount of
s0lids are carried over to the dose chamber, it is possible to plug the
holes of the distribution necwork (Table 2). A siphon which trickles wmay

result in the holes plugging (Converse et al.,1985; Falkowski and Converse,
19353,
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Table 2. Potencial lHydraulic Symptoms for Mounds and Probable Causes

B N N AT T R T I N T I I N I O I T A I I R S Y T T I N E T ST NS SRS T O I I =

SYMPTOMS

1. Ponding in Absorprion Area
a. Not accepring design
loading

b. Mound overloaded beyond
desipgn loading

2. Side Seepage

3. Spongy Side

4. Toe Leakage
a. Not accepring design
loading

b. Mound overloaded beyond
design loading

5. Spongy Toe

6. Excessive flowback Iinto
dose chamber after pump
shucs off

7. Most of effluent remains in
dose chamber after pump or
siphon is activared.

CAUSES

a)
b}

d)
e)

a)
b)

a)
b)

a)

a)
b)
¢)

d)
e)

£)
g)

a)
b)

a)

a)

a)
b)
c)
d)

cold weacher clogging

too fine a sand fill marerial

dirty aggregate forming a silc/clav
layer at sand/aggregate intecface
solids carryover from tanks

poor construction techniques resulting
in stracificacrion of the sand fraccions
sand fill compacrion

excessive water use in the home
ground wacer infilcraction ince colleccion
pipes and septic tank and pump chamber

manifescacion of ponding (see above)
non level absorprion area

manifescation of ponding butr noc as
severe as side seepage (see above)

slowly permeable soils

not sufficient basal area

overestimaced infilcrarion capacity of
the nactural soil

poor sicing

pooc conscrucrion rechniques resulting in
compaction of the natural soil

to large a design linear loading rarte
weakly strucrured and high organic
natural soil inhibicing infiltracion

excessive wacer use in che home

ground wacer infilctracion inco
colleccion pipes, septic tank and dose
chamber

manifescaction of sacurarted toe area
but not as severe as coe leakage {see
above)

manifesctacion of ponding (see above)

plugged holes in discribution pipe
siphon malfuncring

faulcy pump or concrols

solids cacryover
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METHODS AND MATERIALS *

In early 1981 a 1fsc of all mound Systems approved for installation wag
obtalned from the Bureau of Plumbing and Systems were randomly selected for
each county in the State of Wisconsin. If the county had fewer than 10
mounds, all were used in the survey. A survey form was developed for the
explicic purpose of hydraulically evaluating mound systems for most of the
conditions shown in Table 2. The 1tgt of -selected mounds along with the
survey forms were sent to the county code adminiscrators,

from che Plumbing Bureau, and systems randomly selected. The selecred
mounds from the 1981 and 1982 11st, most of the mounds surveyed in 1981, and
a slightly modified survey form were sent to the county code administracors,

In May 1984, 60 of the mounds surveyed in 1981, and not included in che 1983
survey, were sent out for complacion, along with the survey form used in
1983. These were the mounds that had some ponding in 1981,

Wisconsin ruleg require each county to survey the mounds each year to
evaluate performance. The survey report from the county with the largest

RESULTS AND DISCUSSION

Table 3 gives the resulets of the surveys. For Survey A (1981) approximacely
75% of those requested were completed and returned. For the combined B and
C surveys (1983), approximately 65% of the forms were returned. For Survey
D (1984) 1002 of the forms were returned.

s81lty loess. However, there are a4 many soils that are not sufficiently
Permeable in the B ang C horizons for the in-ground soil absorption system,

The average age of the mound wag slightly greater chan 3 Years with the
oldest being 6.5 years. The average size mound served a 3 bedroom house
with an average of 3.7 people per residence. Based on a water usage of 45
gped (170 lped), (Wite et al, 1975), thage mounds are being loaded at the
rate of 165 gpd (624 lpd), which is 37% of design, when based on an average
of 3 bedrooms (Table 3). 1In a study reporced by Converse and Tyler (1985),
loading rates on experimental mound Systems ranged from 29 - g2% of design
with an average loading race of 47%.

The major finding in this Survey was that ponding occurred in about 20% of
the beds, buc 99X of the mounds did not have any side seepage. Average
ponding depth in thoge ponded was about S {n. (13 em). During the evaluation
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Mound Survey on a Scace Wide Basis over a Sever
County Survey for One Year.

i e e L E B T,

al Year Period and a

Year of Survey
Number in Survey
Average Age

Ave. No. of People
Ave. No. Bedrooms
Mounds with Beds
No Ponding

No Side Seepage

Ave. Ponded Depth

Yo Toe Leakage
No Spongy Area
Dose Chamberd

====l=.===l=l'==a=l===

Unics
A
- 1981
- 459
yrs 3.3
- 3.7
- 3.0
% 89.6
A 80.5
k4 99.1
in. 5.1
cm 13.0
Z 99.4
x 98.9
- 83.2

3.1

85.2

90.6

98.8

99.4

98.8

854.3

C D County
1983 1984 1985
443 64 569
L.3 6.9 -b
3.5 4.2 -
3.0 3.1 -
9l.6 81.5 -
90.7 19.0 95
98.6 90.6 -
2.8 5.8 -
7.1 14.7 -
100.0 95.3 | g9c
97.¢0 79.7 100
9.6 76.9 72.4

a: Survey A: Sent in 198%.

Survey B: The recurned 1981 survey minus Surve

in 1981.

County:

oo

Sent out again in 1983,
Survey C: Survey of mounds built in 1981l and 1982.
Survey D: The returned 1981 survey with mounds that were ponded. Sent ouc

again in 1984,

side seepage is raw septic ctank effluent,

d: Dose chamber cover sufficiencl

entering.

TxTENEmoogmamas

y D which were ponded

Survey done by county personnel during summer of 1985.
Average age unknown but age ranged from 1 to 10 years,
Survey unclear if leakage was at toe or side seep,
amount was insufficient to take a sample.

Comment made thac the
It was likely toe leakage as

y above ground to exclude surface wacer from



9

of the ponding deprh, several of che depchs were noc included as 1t appeared
that the sanitarian had measured che depths inenrrecely. Any depih greacer
than 12 in, (30 cm} was not included in determining average depch of ponding
but was included in the number of mounds ponded,

The survey was not complecre enough to determine if observed ponding was due
to L) dosing jusc prior ro inspection, 2) seasonal ponding or 3} permanent
ponding. Seasonal ponding occurs over the winter monchs, with ponding
disappearing after rhe temperature increases, Many of these systems are old
enough tha¢ a clogging mac at the sand/aggregate intecface (Fig.3) could
have formed, Subsurface syscems ofcten form a clogging mat within a shorrg
period of inicial operarion, depending upon soil texture and loading race,

che fine gide of medium. lHad a coarser fill been used, many of chese
Systems probably would not have permanenr pouding. Coarse sands with 20 -
30% fine, very fine sand and silt and ¢clay may also cause pouding problems.
This premise is currently being studied.

Over 99% of the mounds had no toe leakage with over 98% experiencing neirher
soft or spongy areas ar the crime of the inspeccion. Since rhe majoritcy of
the mounds were inspected during May and June and nor during the werter
periods of Mareh and April, some of cthe mounds may have experienced some toe
leakage for a shore period of time chat was not observed. However, che

mectling ac least 24 jinp. (60 ¢m) (scate code) below the surface. However,
some of che mounds may be located on sires wich morcling in the range of
1518 in. (38-48 cm) {variance c¢o code) from che surface, Converse and
Tyler (1985a) reported some seasonal toe leakage on some experimencal mounds
located on sires much more rescrictive chan currently allowed by the code or
variance to the state code and therefore more prone ro leakage.

However 17% were not sufficiencly above ground surface and surface water
could have entered che dose chamber, adding excess load to the system.
Wacer could also enrer through joints in the risers but this was not
evaluated.

Survey B

Two years lacer, che same mounds evaluared in Survey A were again inspecrted
except for the 60 mounds ponded in 1981. The survey was completed between
May and December, 1983, The average age of the mounds was 5.2 Yrs with a
range of 2.6 to 8.5 yr. The number of people and cthe number of hedrooms
served by the mound was slightly higher jn Survey B than in Survey A. The
results show that 10Z of the unponded mounds in 198} were ponded in 1983,
thus indicarting rhac ponding may increase with time or chat seasonal or
intermicrent ponding in common. One could expect some clogging to occur in
mounds over cime. Of those mounds ponded, cthe average ponding depth was 4.2
in. (10.7 ¢n) or 0.9 in. (2.2 cm) less than the average for Survey A.
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However, this only includes mounds not previously ponded. The qualicy of
sand f111 may be a factor. Again the survey was unable to determine Lf the
ponding was seasonal, permanent, or the raesult of dosing just prior to
inspection. Over 98% of the resurveyed mounds did not experlence side seap,
toe seepage or soft and spongy areas, thus Indlcating not much change in
performance except for the ponding. Approximactely 84X of the dose chamber
covers were sufflclently above ground surface to avoid surface flow into the
dose chamber.

Survey €

Survey C, which was completed between May and December 1983 at the same time
as survey B, had an average age of 15 mo. These mounds served an average of
3.5 people in 3 bedroom homes which is slighely less than Surveys A and B.
Over 90X of the mounds had no ponding and over 98% experienced no side seep
and 100% experienced no toe leakage. Approximately 4% had a spongy area.
Average ponding depth was 2.8 in. (7.1 cm) with a range of 0.1 to 8.0 in.
(0.25-20 cm). Approximately 95%Z of the mounds had dose chamber covers
sufficiently ahbove the ground surface Indicating that contractors are more
aware of proper construction than previously,

Survey D

Survey D evaluated the mounds which were ponded in Survey A (1981) and
surveyed again in 1984. These mounds served an average of 4.2 people which
1s 0.5 people higher than in the other surveys. Using the same assumptions
for loading as in Survey A, these mounds were loaded about 20 gpd (76 1lpd)
more then the non-ponded mounds. Instead of 100% ponded, 19% of these
mounds were not ponded which is an lmprovement over 1981. This supports
the conctention that ponding is not always permanent.

Approximactely 902 of these mounds had no side seepage while in the othar
surveys the percent of the mounds not seeping out the side was at least
98.6Z. One would expect more seepage out the side, in this survey, because
90Z of the mounds had ponding and those that were seeping must be some of
the permanently ponded mounds.

Approximately 95% had no toe seepage but about 20Z did experience some
Spongy areas at the toe or on the side of the mound. The survey did not
differentiate between spongy areas at the toe and spongy areas on the side
of the mound due to ponding. This survey also had the highest number of
mounds with trenches, indicating that more of them were located on the

slowly permeable soifls and contributing to the higher percentage of toe
leakage,

This survey showed that only 70% of the mounds had dose chambers with covers
that were sufficiently above the ground surface. Thua 302 of the systems
had the potential for surface water entry. This group also had the most
ponding, side seepage and toe leakage. Of the 4 survey groups, this group
had the highest number of people and probably loaded the highest, the least
permeable soil, and gave the poorest performance in all categortes.
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County Sucvey

Table 3 also gives the results of a L98S survey of the councy wich the mosc
mounds (Morris, L98A). Of the 569 mounds surveyed, approximately 95% of the
mounds did not have ponding ducring the ¢ime of che survey which was
conducted during the summer months. There may have been some seasonal
ponding but it was not evident when surveyed., [t is known that mounds in
this county are construccted wich washed sands and in general are expecred to
perform better than mounds construcced with many pit run sands. About 99%
of rhe mounds had no seepage or leakage from the mound. The survey does not
differenciace side seepage from toe leakage. These results are very
consistent with the findings of che state wide surveys.

The survey also showed, through interviews with the owners, (40% of the
systems surveyed) that 21% of those incerviewed had to have the pump
replaced and 157 interviewed had floar and wiring problems. These
percencages are estimates as some of the homeowners were not sure if it was
the pump or cthe controls and wiring. During che early years of mound use in
Wisconsin, the quality of controls, wiring and pumps were not of the gualicy
used today. About 16% of the mounds had rodent holes, which should noct
effect the pecformance of che mound. About 96% of those inrerviewed had the
septic cank pumped during the last two years. Approximately 18%Z of the
mounds - showed evidence of erosion, indicating cthat the concractor did nac
effecrively mulch the unic after construccion.

SUMMARY AND CONCLUSIONS

Mound performance surveys were evaluated on a scate wide and councy basis
over a several year period. The mounds were evaluated for age, number of
people served, number of bedrooms served, ponding in the bed, side seepage,
toe leakage, and spongy or soft areas. :

Overall the mounds are performing very well. Over 992 of the mound do not
have toe leakage and over 98.5% do not have side seepage due to ponding in
the bed. Approximately 97X of - the mounds do not have sofr or spongy area
near the ctoe or on the side of the mound and thus less than 3% of the mounds
have any serious hydraulic problems,

The initial survey showed at least 807 of the mounds do not have ponding
occurring at the sand/aggregate interface. There is concern about the 20%
that showed ponding when inspected. More recent surveys show that over 90%
of the mounds do not have any ponding. The ponding may be due to dosing
Just prior to inspection, seasonal ponding due to winter accumulaciom, or
permanent ponding. Experience indicates that the sand fill used in some of
the mounds is fine sand, sand which is on the fine side of medium, or coarse
sand with a lot of fines. These sands can not he loaded at the cecommended
ractes. It appears that mounds are being loaded on the average less than 50X
of design. If they are loaded near design for medium sand, it appears thac
more of the systems will become permanently ponded and may resulc im more
mounds having side seepage. If medium sand is uged, then the recommendation
18 to reduce the design loading race.
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Using the design load of 1.2 gpd (5 em/d), current recommendations are to
use sand fiils which are on the coarse side of medium sand or coarse sands
with a minimum amount of fine, very fine and stlc and clay contenc. ASTM
€C-33 sand specificarlon (coarse to very coarse sand) may be the dasired sand

mound, With the recommended change in sand F{l]l quality, the number of
mounds experiencing ponding should decrease In the futura.

Thus, the Wisconsin mound system 13 performing hydraulically very well and
is a viable system for on-site waste creatment. However it must be designed
and installed properly with proper maintenance, which is no different than
what is recommended for other on-site systems.
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