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NOTE: The complete SWIGG survey is available on the Midwest Farm '

Bl Report’s news feed.

A years-long study looking at well water in Southwestern Wisconsin

B was finally finished this week and

-Midwest Farm 'Report May:24, 2022
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Joel Stokdyk,*U.S::Geological Survey — SWIGG:Study Final Presentation, May 16,2022



TABLE 3.1 Treatment Performance of Soil

Parameter

Raw Waste

Septic Tank Effluent

} \m

Unsaturated Flows

One Foot Below
Distribution Media

Three Feet Below
Distribution Media

BOD, (mg/L)
TSS (mg/L)

Fecal Coliform

(MPN/100ml)
Viruses (PFU/ml)

Nitrogen (mg/L)
Total
NH,
NO

3

Total Phosphorus
(mg/L)

30-1147**%
18-2233**

30,000-
10,000,000,000%*,***

unknown**

35-189*=
7-40"%
< lié‘:l-

10-27**

39-861***
22-276™"

1,000-
120,000,000™,***

100,000-
10,000,000%*

25-124%%
20-60**
<]**

3-40*%*

0**
Dﬂ-.l:-
1-1007*

0-1,000**

#B_Eﬂ!ﬂt
:d-B_‘:LUﬂ-:Q

*B-10**

UI—H-
0**
(**

Ul—ﬂ-

* B = background

**Ichobanoglous and Burton, 1991

***Lowe et al., 2007

Onsite Sewage Treatment Rrogram, University of Minhesota. 2020..Manual for
Septlc System Profe55|onals in‘Minnesota, 41 Ed. St. PauI MN ‘




Soil Treatment
Y Conventional Soil Absorption Trench v V WE

Nutrients

y

— ¢ < Bacteria

. Unsaturated
— \ b — - [ aerobic zone
Viruses

4 \lutrients

Grouncwater



Soil Treatment

Unsaturated Flow

Pathogen

Fungi and
Soil Bacteria
On Patrticle
Surface

Soil Particle
With Negative
Charge

Filtration, adsorption (nutrients and virus), predation, and
retention/contact time increase treatment. Pathogens are
retained on particle surfaces or in small pores.
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SOIL YOUR UNDIES
CHALLENGE
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Some Things to Consider

 Loading Rates — Is the system sized appropriately for the
flows AND loads? Are hydraulic loading rates assigned
appropriately? What about linear loading rates?

* Disturbed Soil or Fill = Concern for preferential flow =
saturated flow.

« Compaction — Has any part of the dispersal site been
impacted by compaction?

» Limiting Factor — Where is it and What is it? Do we have
proper separation?

» Treatment — Is there slowly or rapidly permeable soils?
Gravity distribution?



What is the soil and site
telling you?

The role of the soil
tester is to

FIND THE STORY

AND REPORT IT TO
OTHERS




We are not just
describing the
soil but also
applying it and
relating it to the
task at hand

WhY IS THAT
IMPURTANTY?




SOIL EVALUATION
REPORT

SPS 385
Soil and Site Evaluations

Soil morphological
evaluation follows
USDA Soil Survey Manual

Wisconsin Department of Safety and Professional Services Page of
Dhislon of Industry Senvicas
SOIL EVALUATION REPORT
In accordanca with SPS 335, Wis. Aom. Code | Couny
Attach compiete site plan on paper not lees than 8 172 x 11 Inches In slze. Flan must iInciude,
DUt not IMRSa to: verticd and horzonta reference paint (BAM). direction and percent siope, Parcd 1.D.
scae or dmensions, Norn 3Tow, and locaton and distance 10 nearsst road.
Pleass peint all Information. Reviewed by Dae
Perzonal Information you provide may be uzad for secondary puposes (Privacy Law, =. 15.04(1m)).
Property Owner Fropesty Location O O
Gowt Lot % % S T NR E (o W
Property Owner's Malling Address Lot® Blok # Subd. Name or CSM¥
City State  ZpCode Pnone Number | [ ciy Owmage [ Town Nearest Road
I { ) I
[0 NewConstnuction  Use: [] Rasidentd / Number of bedrooms Code gerfvad dasign fow rate GPD
[J Replacement [J Pubiic or commearcial — Describe:
Parent matesial Fiood Plan slevation f pplicable %
Genesal comments and recommendations:
Boring # [ Bosing
’ Oeit Ground surfacs elev. ft Dep to fimiting factor In
Sol Appiicaton Rxte
Horzon Depm | Dominant Color | Redox Description | Tesdure |  Stucture | Consistience | Boundary | Roots GPDIFY
in. Nunsdl Qu. Az. Cont. Color Gr. Sz Sh . -
Ems1 Ems2
Bomg* []Bcsng
. et Ground surfacs elev. Tt Dep to limiting factor n
Sol Appicaton Rate
Horzon Dephn Dominant Color Redox Description Texiure Structure Consisience | Boundary Roots GRDIFT
n. Munseil Qu. Az Cont. Coior Gr. Sz Sh. “Eme e




SOIL APPLICATION RATES

FROM Table SPS
383.44-2

Maximum soil application

rates in gallons/sq ft/day

for septic system dispersal
designs

Wisconsin Department of Safety and Professional Services Page of
Dhislon of Industry Senvicas
SOIL EVALUATION REPORT
In accordanca with SPS 335, Wis. Aom. Code | Couny
Attach compiete site plan on paper not lees than 8 172 x 11 Inches In slze. Flan must iInciude,
DUt not IMRSa to: verticd and horzonta reference paint (BAM). direction and percent siope, Parcel 1.D.
scae or dmensions, Norn 3Tow, and locaton and distance 10 nearsst road.
Pleass peint all Information. Reviewed by Dae
Perzonal Information you provide may be uzad for secondary puposes (Privacy Law, =. 15.04(1m)).
Property Owner Fropesty Location O O
Gowt Lot % %S T NR E (o W
Property Owner's Malling Address Lot® Blok # Subd. Name or CSM¥
City State  ZpCode Pnone Number | [ cay Owiage [ Toan Nearest Road
I { ) I
[0 NewConstnuction  Use: [] Rasidentd / Number of bedrooms Code gerfvad dasign fow rate GPD
[ Replacement [J Pubiic or commearcial — Describe:
Parent matertal Fiood Plan slevation f pplicable %
Genesal comments and recommendations:
Boring # [ Bosing
’ Oeit Ground surfacs elev. ft Dep to fimiting factor In
Sol Appicaton Rate
Horzon Deph Dominant Color Redox Description Texture Structure Consisience | Boundary | Roois GPDFT
in. Nunsdl Qu. Az. Cont. Color Gr. Sz Sh e Jr—
Bomg* []Bcsng
. et Ground surfacs elev. Tt Depm to imiting factor n
Sol Appicaton Rate
Horlzon Depth Dominant Color | Redox Description | Texiure Structure Consisience | Boundary | Roois GPDIFY
n. Munseil Qu. Az Cont. Coior Gr. Sz Sh. “Eme e




Soil Application Rates
Septic Tank Effluent and Highly Treated Effluent

Table 383.44-2

Maximum Soil Application Rates Based Upon Morphological Soil Evaluation (in gals./sq. ft/day)

Soil Characteristics

Maximum Monthly Average

Textured Structure® BOD;s >30 <220mg/L BODs <30 mg/L*¢
Shape Cale TSS >30 <150mg/L TSS <30 mg/L¢
COS.S.LCOS. LS — 0 072 | o05be le2 | o0sb
FS. LFS — 0 0.5 1.0
VES, LVES Z== 0 0.4 0.6
COSL, SL = oM 0.2 0.6
PL 1 0.4 0.6
253 0.0 0.2
PR, BK, GR 1 04 0.7
2,3 0.6 1.0
FSL, VESL — oM 0.2 0.5
PL 2,3 0.0 0.2
PL. PR, BK, GR 1 0.2 0.6
PR, BK, GR 2 0.4 0.8
E, = OM 0.2 0.5
PL 2,3 0.0 0.2
PL. PR, BK, GR 1 04 0.6
PR, BK, GR 2,3 0.6 0.8
SIL = OM 0.0 0.2
PL 2,3 0.0 0.2
PL. PR, BK, GR 1 0.4¢ 0.6
PR, BK, GR 2,3 0.6 0.8
SI = -— 0.0 0.0




TEXTURE

o, - Defined: Texture is the relative proportion
(%) of the different soil separates
in a given sample.

* Soil separates include sand, silt and clay size
particles.

« 12 basic textural classes on the textural
triangle.
« Don’t make up classes
« Use texture modifiers
 Very gravelly sand
» Extremely cobbly sand
« Use textural subclasses
- Coarse sand
PERCENT SAND - Coarse sandy loam

el =
) o

clay loam = 35% sand, 35% silt,
and 30 % clay



TEXTURE

USDA SAND S!ZES
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Rock Fragments

Non-soil fragments over 2mm in diameter
Coarse fragments decrease water holding
capacity (treatment)




STRUCTURE
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 Soil structure is the arrangement of individual
particles of sand, silt, and clay into aggregates
or clusters called peds.

* Peds are classified based on degree of
distinctness, size, and shape.

e Abbreviation: 2msbk = moderate, medium,
subangular blocky

e Structure is the result of many processes

* Freeze/thaw cycles

Chemical processes of organic material and clays
that act as binding agents

e Earthworms
* Plant roots

* Compaction destroys the structure
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Linear Loading Rate (LLR)

o 100 ft .

100 gpd /100 ft = 1gpd/ft |17
10 ft

LV LLLELNY ———;

100 gpd /10 ft
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What’s Better?
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Vertical Separation Concept

seeempepeid A - Horizon

| E-Horizon

B - Horizon

Subsoll

Sub-
stratum

C - Horizon

Y

Bedrock

Surface

Bottom
of system

R - Horizon

\B

Typically 3 feet of
vertical separation
above bedrock, redox




Minimum Depth of Soil for Treatment

Table 383.44-3

Minimum Depth of Unsaturated Soil for Treatment Purposes?® (in inches)

Soil Characteristics Influent Quality® and Percent Coarse Fragments
Textured Fecal Coliform Fecal Coliform
>10?4 cfu/100mL <104 cfu/100mLP
<35% >35 to >60 to <35% >35 to >60 to
<60 % <90 9%Dbc <60% <90%¢
COS., S.LCOS, LS 36 60 60 24 36 60

ES, VES, LES, LVES 36 24
COSL, SL 36 24
FSL. VESL 36 24
L 36 24
SIL 36 24
SI 36 24
SCL, CL, SICL 36 24
SC, C, SIC 36 24

Note a: Influent quality as per s. SPS 383.44 (2)
Note b: Requires pressure distribution under sub. (5) (a)
Note ¢: All coarse fragment voids must be filled with fine earth

Note d: COS - Coarse Sand LVFES — Loamy Very Fine Sand SI - Silt
S-Sand COSL - Coarse Sandy Loam SCL - Sandy Clay Loam
LCOS - Loamy Coarse Sand SL - Sandy Loam CL - Clay Loam
LS — Loamy Sand FSL — Fine Sandy Loam SICL - Silty Clay Loam
FS - Fine Sand VFESL - Very Fine Sandy Loam SC - Sandy Clay
LFS — Loamy Fine Sand L — Loam C - Clay
VFS — Very Fine Sand SIL - Silt Loam SIC - Silty Clay

Note e: The values for fecal coliform are reported as a monthly geometric mean. The geometric mean shall be determined on the basis of measurements taken over 30
consecutive days, with at least 6 measurements occurring on 6 separate days.

AN s e ] v e . ~ . ~ rru . - . -~ Y e



More Soils Definitions SPS 81.01

(202) "Redoximorphic feature” means a feature formed in the
soil matrix by the processes of reduction, translocation and oxidation
of iron and manganese compounds in seasonally saturated soil.

(118) "High groundwater” means zones of soil saturation
which include perched water tables, shallow regional groundwater
tables or aquifers, or zones that are seasonally, periodically or
permanently saturated.

(119) "High groundwater elevation” means the higher of

either the elevation to which the soil is saturated when observed as a
free water surface, or the elevation to which the soil has been
seasonally or periodically saturated as indicated by the highest
elevation of redoximorphic features in the soil profile.



REDOX DESCRIPTION

* Redox feature
formation requires:

« Anaerobic conditions
« Saturation
* Near Saturation

« Organic matter

« Temperature

o pH

e Iron (Fe) and
Manganese (Mn)

Iron Depletion and Concentration



REDOX DESCRIPTION

Low Chroma Colors

* Value of 4 or more and a
chroma of 2 or less.
* Redox depletions
* Reducing conditions

 Suspicious conditions with
chromas of 3 or less.

- . -
" ¥ 13 /4 /6 /8

4——— CHROMA ———>



REDOX DESCRIPTION

Reduced Matrices
e Soil matrices that have a low chroma color in-situ because of the presence of Fe(ll)- Ferrous Iron.
e Color changes in hue or chroma when exposed to air as the Fe(ll) is oxidized to Fe(lll) — Ferric lron.




BEDROCK

“Bedrock” means rock that is
exposed at the earth’s surface or
underlies soil material and
includes:

(a) Weathered in—-place
consolidated material, larger than
2 mm in size and greater than 50%
by volume;

AND

(b) Weakly consolidated sandstone
at the point of increased resistance
to penetration of a knife blade.
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Failure Definition - § 145

Discharge to surface water or
groundwater

Discharge into seasonally saturated
soils

Discharge into drain tile or bedrock
Discharge to the surface of the ground
Back up into structure







Gravity Distribution

Trickle of water from septic tank results in overloading localized areas of
the drainfield. This can lead to groundwater contamination in coarse
granular soils because of insufficient treatment. In addition, if not properly
oxygenated, the organic carbon (biomat) accumulation causes early failure.

Septic Tank

Creeping Failure



Water Use in Dwelling

Citation: Lucas SA, Coombes PJ, Geary PM, Horn K (2017) On-Site Wastewater Systems lnvestlgatmg Dynamics and Diurnal Patterns Impacting

-S40 NE9E 1000402

on the Performance of Mound Systems. J Environ Anal Toxicol 7: 498. doi: 10.4172/2161-0525.1000498
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Figure 4: Daily average indoor water use and average indoor diurnal water use pattern (Site F).




What about a restaurant?

End Uses of Water in Restaurants

B Kitchen/Dishwashing

B Landscaping
B Cooling and Heating

B Comestic/Restroom

N Other

Source: EPA WaterSense

How Is water being used in the structure?

Many different people in and out = higher risk of infectious disease



TABLE 3.1 Treatment Performance of Soil

Parameter

Raw Waste

g " @
Unsaturated Flows

Septic Tank Effluent

Distribution Media

Three Feet Below
Distribution Media

BOD, (mg/L)
TSS (me/L)
Fecal Coliform

(MPN/100m])
Viruses (PFU/m}

Nitrogen (mg/L)
Total
NH,
NO,

Total Phosphorus
(mg/L)

30-1147**
18-2233**

30,000-
10,000,000,000%%

unknown**

35-189*+,***
7-40%

<1*

10-277*

39-861**°
22-276™

1,000-
120,000,000 **=

100,000-
10,000,000~

25-124%* *#
20-60**

<]**

3-40%*

0**

&

D&H
I:’_':I‘i-ié
0**

0"

* B = background

**1chobanoglous and Burton, 1991

***Lowe et al., 2007

Onsite Sewage Treatment Program, University of Minnesota. 2020. Manual for
Septic System Professionals in Minnesota, 4t Ed. St. Paul MN




LIBRARIES

4 UNIVERSITY OF WISCONSIN-MADISON

Passage of microorganisms in septic tank
effluents through mound sand in a

controlled laboratory environment.
[DNR-164] [2001]

Standridge, Jon H.; Olstadt, Jeremy; Sonzogni, William C,
Madison, Wisconsin: Wisconsin State Laboratory of Hygiene,
[2001]




About the Study

Used varying heights of columns of C33
sand loaded at variable dose volumes
at 2.0 g/ft2/day for highly treated
effluent and 1.0 g/ft2/day for
residential strength effluent



About the Study

e Conclusions:

« Organisms in reasonably clean effluents do not
pass through mound sand in columns 12 inches or
longer when dosed evenly throughout the day
at the rate of 2.0 g/ft2/day.

« Organisms in low quality septic tank effluents do no
pass through mound sand in columns 24 inches or
longer when dosed evenly throughout the day
at the rate of 1.0 g/ft2/day




About the Study

If mound sand columns are
loaded with either poorly spaced
dosing or excessive flows,
organisms will pass through the
sand, even when the column
length is 60 inches.




Fungi and

Soil Bacteria
On Particle
Surface

Soil Particle
With Negative
Charge

Filtration, adsorption (nutrients and virus), predation, and
retention/contact time increase treatment. Pathogens are
retained on particle surfaces or in small pores.



otTeatient
Saturated Flow Viable
% % In

»

o
Viable S

Pathogens Soil
Out i %%

Retention/contact time reduced by short-circuiting
past particle surfaces.
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SANDY SOIL

ROUNDWATER

Gravity Flow — Just because the system isn'’t
ponding or wastewater isn’t breaking out does NOT
mean the system is working properly!



Gravity vs. Uniform Distribution

« Uniform distribution

R A (.:P Hﬁﬁw @ SQHH Lﬂ:f B?] distribution
SANDY SOIL Waiter over a larger
&ﬁ ta ct

—— : B % E%H%% Sner "box
Q 8|hm®uge¢§"

@éd
% L

matlon

. Reaeratlon between doses
GROUNDWATER » Reduced biomat formation

Uniform Distribution



Distribution Network

“Uniform distribution by gravity or dosing does not occur. As
the effluent is pumped in or flows by gravity, it is
concentrated within one small area of the bed or trench. This
results in saturated flow thru the fill material. (Converse
1974, Otis et al. 1972) This area becomes overloaded thus

resulting in surface seepage with the remaining portion of the
mound unused.”

“Mound for the Treatment and Disposal of Septic Tank Effluent” Publication
15.6, 1977 - J.C. Converse, B.L. Carlile, G.W. Peterson



Distribution Network

“The only way to obtain uniform distribution is to use a
pressure system consisting of a manifold with small
diameter laterals and holes (Converse 1974, Converse
et al. 1975, Otis et al, 1974 and 1978).”

“Mound for the Treatment and Disposal of Septic Tank Effluent” Publication
15.6, 1977 - J.C. Converse, B.L. Carlile, G.W. Peterson



Why Equal Distribution Matters

Equal distribution of effluent spreads wastewater out
over the entire surface of the distribution cell thus
ensuring more total volume of soil is used for treatment.

 Coarse soils offer less total particle surface area for treatment
reactions to occur and have reduced retention time for
pathogen die-off

 Under low (< 30mg/L) BOD: and TSS loads, a biomat does not
form to ensure a high level of wastewater treatment and
groundwater protection

» Improves the performance and increases the life span of a
dispersal cell

« Reduces the chance of breakout or seepage on slopes




Pressure Distribution Systems

» Basic concepts of distribution system:

 Equal Distribution - using proper manifold size and length,
proper lateral size and length, proper orifice size and
spacing.

 Accurate Total Dynamic Head (TDH) calculations

* Dose volumes

* Pump/siphon selection

* Testing



Some Things to Consider

 Loading Rates — Is the system sized appropriately for the
flows AND loads? Are hydraulic loading rates assigned
appropriately? What about linear loading rates?

* Disturbed Soil or Fill = Concern for preferential flow =
saturated flow.

« Compaction — Has any part of the dispersal site been
impacted by compaction?

» Limiting Factor — Where is it and What is it? Do we have
proper separation?

» Treatment — Is there slowly or rapidly permeable soils?
Gravity distribution?
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THANK YOU'!
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