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INTRODUCTION

individual residences, communities and small commercial
establishments often dispose of wastewater through
individual or community septic tank soil-absorption systems.
It has been estimated that 18 million housing units, or 25%
of all housing units, in the United states dispose of thelr
wastewater using on-site wastewater treatment and disposal
systems (USEPA,1980). The design goals of such systems
include effective treatment of contaminants in the
wastewater using the capabilities of the septic tank and
soil, and discharge of treated effluent to groundwater.

Groundwater pollution is a major consideration when
septic tank soil absorption systems are used. Numerous
Federal and state programs for protecting groundwater
quality have been established and expanded in recent years.
These efforts have contributed to the identification and
inventorying of sources of groundwater contamination. The
Office of Technology Assessment (OTA) identiflied domestic
wastewater subsurface percolation (e.g., septic tanks and
cesspools) as the largest source of discharge to
groundwater, approximately 820-1,460 billion gallons per
year (OTA 1984). The report indicated the presence of

organic chemicals, inorganic chemicals, and blological
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sources of contamination in the subsurface percolation
" systems.

In October of 1985 the Wisconsin Department of Natural
Resources promulgated Wisconsin NR 140 for the protection of
groundwater quality in the state of Wisconsin. This statute

set standards for both 1inorganic and organic contaminants.

The use of and array of commercial products such as

disinfectants, solvents, and cleaners 1s increasing. Organic
‘compounds, specifically volatile organic compounds (VOCs),
that maybe present in these products are of concern with
respect to septic tank effluent and the receliving
groundwater. The presence of prlority pollutants in septic
tank soil absorption systems has only recently been
investigated with respect to groundwater pollution (Tomson
1984). Organic compounds specifically VOCs present 1in
septic tank effluent (STE) are of concern. This concern
arises because of their persistence in the environment and
evidence of carcinogenicity to humans.

This paper presents a summary of the results of a field
study of six subsurface soil absorption systems with respect
to VOoCs present in effluents and adjacent groundwaters. The
results of monitoring septic tank effluent for VOCs at six
septic tank soil absorption systems (STSAS) are presented.
The results of groundwater monitoring for VOCs at four STSAS

are also presented.



The objectives of this study were:

1. To complete a literature review of the potential
sources and presence of VOCs in on-site wastewater

disposal,

2, To identify VOCs in the septic tank effluent, septage
and the groundwater at sites using septic tank

soil absorption systems,

3. To estimate potential loadings of VOCs to the
environment from small community septic tank soil

absorption systems.

In the first phase of this study, the concentrations of
VOCs were quantified‘for effluent from six septic tanks from
septic tank soil absorption systems (STSAS). Five of the
systems investigated were small community STSAS ranging in
age up to eight years. The sixth systeh analyzed was a
mobile home park. Three samples were collected over a four
month period from the dosing chamber or siphon chamber at
each site during phase 1.

The second phase of the investigation involved the

installation of groundwater monitoring wells at four of the
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small community sites. The assumption was that if VOCs were
present in the septic  tank effluent as had been
demonstrated, vocs could migrate and be discharged to
groundwater. In addition, £four STE samples were collected
at the six sites from phase 1. During phase 2 , four
groundwater samples were also collected £from four of the
sites. Septage samples were also collected at two of the

small community sites which used a central septic tank.



LITERATURE REVIEW

Potential Sources of vocs in Household Wastewater

Wastewater disposed of using septic tank soil
absorption systems comes primarily from residentlal sources.
The major portion of this waste stream originates from the
bathroom, kitchen or laundry (Kanter and Knox 1985). The
disposal and use of household products results in a waste
water that 1s chemically complex. The wastewater coming
from the home may contain organic compounds from an array of
products such as disinfectants, cleaning materials, paints
and solvents.

Several investigators have identified household
products which contain chemicals 1listed as prilority
pollutants by the United States Environmental Protection
Agency (USEPA). MacKay (1979) conducted a consumer survey
in Nassau county, New York to ldentify sources of harmful
organic compounds discharged to the groundwater of Nassau
County, New York. Investigators examined nearly 1000
products and recorded information found on labels regarding
ingredients, the use , method of use and manufacturer. The
product evaluation system resulted in the identification of
12 éategories of concern, comprised of 232 separate prodﬁcts

(see Table 1).



Table 1
Breakdown of Consumer Products Identified as

(MacKay 1979)

Product Category Number of Products
1) organic Solvent Cesspool Cleaners 12
2) Paint and Varnish Removers 39
3) Household Cleansers , Disinfectants

and Oven Cleaners 40
4) Laundry Degreasers 6
5) Driveway and Garage Degreasers 12
6) Solvents and Cleaning Fluids 47
7) Engine and Metal Degreasers 16
8) Solid Toilet Bowl Deodorizers 14
9) Floor Strippers, Cleaners and Dressings 12
10)Radiatoxr Flushes 10
11)Car Waxes and Cleaners 17
12)Miscellaneous 7

Of the twelve categorles of products surveyed , priority
was given to organic solvent cesspool cleaners and drain
openers becausé of their almost direct discharge 1into
groundwater. The survey estimated yearly sales of 76,500
gallons of organic solvent cesspool cleaners and drain
opening products. The study indicated the following
chemicals were present in cesspool cleaners, methylene
chloride, 1,1,1-trichlororethane, orthodichlorbenzene, and
petroleum distillates. Estimates of the volumes of other
household products used in Nassau County were as follows:

1) Solvents and cleaning fluids 346,950 gal./yr.
2) Paint and varnish removers 93,050 gal./yr.
3) Household cleaners 55,650 gal./yr.
A summary of the quantities of harmful organic

chemicals found 1in products indicated that a minimum of
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93,000 gallons of organic chemicals listed as carcinogens or
suspected carcinogens were being sold yearly 1in Nassau
County. The study recommended to the New York State
Attorney General that control measures regulating the
manufacture, sale and use of organic solvent cesspool
cleaners be implemented by the state.

Hathaway (1980) investigated the types of products used
by the typical U.S. household that contained toxic compounds
listed as priority pollutants by the USEPA. Consumer
products commonly used in the household where grouped into
general categorlies. Thirteen major categories were
identified as potential sources of priority pollutants in
domestic wastewater. Table 2 1lists the major categories
identified by Hathaway.

Table 2. Major Categories of Consumer Products

(Hathaway 1980)
1) cleaners
2) cosmetics
3) deodorizers
4) disinfectants
5) house and garden pesticides
6) laundry products
7) ointments

8) paint and paint products
9) photographic products

10) polish
11) preservatives
12) soaps

13) medicines
Major categories were assigned several types of
consumer products listed as potential contributors of
priority pollutants to a wastewater stream. Hathaway also

listed in a qualitative manner specific types of compounds
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present in each of the 1individual consumer products
examined. In this effort each of the 129 priority
pollutants listed by the USEPA was {identiflied with respect
to its use in household products.

The total wastewater stream from a household was also
divided by Hathaway into eight separate events (see Table
3).

Table 3. Household wastewater Events
(Hathaway 1980)

1) tolilet £lush

2) garbane disposal
kitchen sink
automatic dishwasher
laundry wash
bath and shower
utility sink waste
bathroom sink

@ ~J O W
e Nt P = P

Each household wastewater event was identified by the
types of consumer products which could enter the wastewater
stream through the event. This result was listed in tabular
form itemizing specific compounds likely to be found in each
household event.

Hathaway also predicted which priority pollutants would
have the greatest likelihood of occurring in the wastewater
stream. Compounds were Iidentifled wusing an arbitrary
selection method. Those compounds designated were listed in
at least three household wastewater events and were
predicted to be present 1in measurable quantities. The
following compounds were predicted to be present 1in
measurable quantitlies from household wastewater (see Table

4).

(24



TABLE 4.
Predicted Priority Pollutants in Household Wastewater
(Hathaway 1980)

Qrganics

benzene arsenic
phenol cadmium
2,4,6,-trichlorophenol chromium
2-chlorophenol copper
1,2-dichlorobenzene (ortho) lead
1,4-dichlorobenzene (para) mercury
1,1,1-trichloroethane zinc
naphthalene antimony
toluene silver
diethylphthalate

dimethylphthalate

trichloroethylene

aldrin

dieldrin

The compounds listed in Table 4 were those predicted to
be used and wasted into domestic wastewater of small
community or individual wastewater treatment systems. It
was notgd by Hathaway that not all of these compounds would
be detected in household wastewater streams. A number of
factors would affect thelr presence, such as changes in
product usage within 1individual homes or communities, and
changes in product ingredients. Sampling techniques employed
to sample waste flows may miss low concentration peak flows
of certain chemicals wasted only periodically.

Hathaway's work examined prliority pollutants in
household wastewater 1in a strictly qualitative manner. The
author did not attempt to quantify the amount of toxic
wastes in domestic wastewater.

In another study, Ridgley et al. (1982) conducted a

Toxicant Pretreatment Planning Study for the Municipallity of
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Metropolitan Seattle (METRO). The study included a Toxicant
Inventory Study and other related projects as part of an
effort to assess the presence, sources, fates and effects of
toxic substances. The study was designed to help Metro
identify problems and formulate effective control programs
for point and nonpoint sources of toxicants.

Research involved selecting consumer products that
posed the greatest concern for environmental harm. The
study looked at the following four classes of products: (1)
automotive products, (2) pesticides, (3) paints, solvents
and preservatl&es and (4) household cleaners. The classes
of products that were chosen for review were selected
because the authors perceived them to have been commonly
used in large volumes in the home.
| Background information, usage figures and environmental
impacts were presented on the four classes of compounds.
Technical data, such as sources, toxiclities and health
hazards on specific chemicals of concern were reviewed for
each class of products.

A few findings were common to all four classes of toxic
consumer products. In general , while toxic substances were
widespread in consumer products, information on the specific
constituent chemicals was often difficult if not impossible
to obtain. Determining the contents of familliar products
was a challenge because of trade seciet restrictions and

because it was common for ingredients or proportions of
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ingredients to vary over time or geographical area. The
labeling of products, whether of contents, directions for
use, or recommendations for safe disposal was often
inadequate and sometimes non-existent. Even when specific
chemical constituents were known, information on chronlic
toxicities and environmental effects was limited.

Another important gap in the data concerned information
on quantities of products sold, used and discarded by
consumers. In order to estimate the cumulative effect of
numerous small, dispersed sources, knowledge of quantities
was necessary. Ssuch estimates were difficult to deterﬁine
for most product classes.

The results of the study indicated that in general,
household products contain less toxic or hazardous
substances than those chemicals used in commercial or
industrial processes. It was also noted that consumer
products had shown a tendency toward safer chemicals, or
contained smaller quantities of toxic chemicals. Researchers
were unsure if this was in response to regulation,
economics, the market place or liability concerns. It was
noted however that toxic or hazardous constituents were
common in household products and warranted concern when
considering their disposal.

Household pesticides were found to come 1in a wide
variety of classes, including chlorinated hydrocarbons,

carbamates, organophosphates and natural product extracts.
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Conflicting and inadequate test data and a limited amount of
information on chronic effects make any ranking of
pesticides by disposal hazard very difficult. However, it
appeared that certain classes such as the natural extracts,
botanicals or synergists had much less potential for
environmental damage than some of the more powerful or
persistent synthetic products.
Paint products as a class posed a relatively minimal
potential for environmental harm through proper disposal
methods for two reasons:

1.) paints wusually do not contain chemicals with long-
term effects.

2.) irresponsible use or disposal practices are

probably rare.

Solvents were used both as components of paints and as
separate products for thinning or cleaning painting
materials, furniture stripping and surface refinishing. The
solvents in oil based paints and in separate solvent
products were materials of concern. Many of them were
acutely toxic to the user while some are suspected to pose
chronic hazards such as 1liver and kidney damage {toluene,
1,1,1-tr1chloroethane) or cancer. The alcohols,‘ketones,
esters and distillates tended to be less hazardous than the
aromatic and chlorinated hydrocarbons.

Household cleaners comprised a range of cleaning and
disinfecting products, such as disinfectants, bathroom

cleaners, drain cleaners, furniture polish, dry cleaning
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fluiq, bleach; oven cleaners, abrasive powder, alir
fresheners, floox cleaners and waxes, rug cleaners,
upholstery and window cleaners, as well as laundry products
such as detergents, fabric softeners and additives. Wwithin
each type of product, there are tens and sometimes hundreds
of different formulations for specific uses and brands.
These formulations change over time and over geographical
area. organic solvent constituents seem to be of greatest
concern, especlally such disinfectants as chlorinated
phenolics, and dry cleaning or septic tank/drainfield
degreasing solvents such as 1,1,1-trichloroethane. Other
specific household cléaning chemicals predicted to affect
the environment through their disposal were:

* chlorinated phenolics

* detergents

* aerosol propellants

while presenting very high hazard to the user, once
diluted in wastewater or the environment these constituents
were thought to be harmless and degrade rapidly.

Motor vehicle products included such diverse items as
gasoline, olil, cooling system additives, cleaners and
polishes, paints, brake and transmission fluids and battery
acid. Many of these products, specifically the fuel and
lubricants, are fractlons distilled from crude petroleum and
chemically treated with additives. Petroleum products are
primarily hazardous as environmental pollutants, causing

problems with their physical effects (coating surfaces,
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odor) as well as toxicological effects. Gasoline was an
extremely dangerous substance commonly found in households;
it was seldom disposed of, but when dumped presents acute
toxicity problems as well as acute flammability concerns
(Ridgley et al.).

In summary the research indicated that each class of
products had 1its particular areas of concern; this could be
labeling deficliencies, the toxicity or persistence of the
contents, the disposal route, volumes used, etc. Three
kinds of products were identified as being of special
interest in that they all have the potential to harm the
environment, they are used in significant gquantities, and
they may be disposed of in harmful ways. These are:

* Pesticides
* Solvents, especially the chlorinated organics
* Motor oll

Solvents pose the greatest potential input of toxic

organic compounds to septic tank soil absorption systems.

Studies of Organic Compounds in On Site Wastewater Treatment
Systems

Andreoli (1980) conducted a field study to determine
the effect of leaching pool cleaners on groundwater. Two
leaching pool systems, one experimental (pool 1) and one

control (pool 2), were constructed. Raw domestic wastewater

was fed to both pools. The pools were allowed to clog and

v A
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leaching pool cleaner was added to the experimental pool,
the control was not unclogged. Leachate quality and
leaching rates were monitored for approximately one year.
At the end of that period additional solvent was added and
monitoring was continued.

In the first experiment it was found that pool 1 failed
to leach satisfactorily following solvent addition. A
conservative amount of solvent had been used in experiment
1. Halogenated hydrocarbons were found 1 month after
addition in the leachate collected below the cesspool. The
solvents had not rapidly migrated through the system as had
been anticipated, but had remained in a slug of contaminated
leachate above the leachate collection system. The
halogenated hydrocarbons tended to move through the leaching
pool system as a slug with a maximum concentration of over
thirteen hundred parts per billion (1,300 ppb). The two
predominant compounds detected in the 1leachate were
methylene chloride at a maximum concentration of 1,282 ppb
and 1,1,1-trichloroethane at a maximum of 38 ppb. The
concentrations of total halogenated hydrocarbons decreased
rapldly after the maximums were observed.

pPotable water was added to both pools six months after
the initial fallure in order to flush any retalined solvent
through the system. A second slug of hydrocarbons (> 500
ppb) was detected under the treated pool. Pool 2 which did

not have the cleaner added had a higher leaching rate than
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pool 1 which had cleaner. A second flush of the two pools
with potable water produced a third slug of hydrocarbons
from pool 1 exceeding a concentration of 200 ppb.

In experiment 2, the solvent dosage of pool 1 was
increased, Iin accordance with the solvent manufacturer's
recommendations, to see if the leaching rate would improve
and what the effect would be on groundwater. The results
indicated that halogenated hydrocarbons had leached through
the soil below the 1leaching pool treated with the cesspool
cleaner product. The maximum concentration was again seen
approximately one month 1later and moved by the leachate
collection system in a slug. The two predominant compounds
were methylene chloride (38,310 ppb) and 1,1,1-
trichloroethane (2,360 ppb). Total hydrocarbons were
detected 1in concentrations over 40,000 ppb. Compared to
experiment 1 an increased dosage (three times) of the
product resulted in disproportionately higher concentrations
of solvent in the leachate. A comparison of data indicated
that peak solvent concentrations 1in the leachate during
experiment 2 were 30 times higher for methylene chloride and
163 times higher for 1,1,1-trichloroethane. It was also
determined that the cleaner product when added to pool 1 did
not increase the leaching rate as was expected.

The trace organic removal efficlency for a rapid
inflltration system treating 13 mgd secondary effluent was

investigated by Tomson et al. (1981). A total of sixty-
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seven refractory organic compounds were detected in sampling
of both effluent and groundwater samples. Nine VOCs were
identified in the wastewater including: trichloroethylene,
toluene, tetrachloroethylene, xylene, m-dichlorobenzene, p-
dichlorobenzene, o-dichlorobenzene. The VOCs detected were
found at concentrations of >1 ppb. Overall removal
efficiency was about 92% for trace organics. A chemical
class breakdown of the organics yielded removal efficiencles
of most compounds that were from 90 to 100%. Noted
exceptions were the removal efficiency of chloroalkanes,
alkylphenols, alkanes, phthalates and amides with removals
of approximately 70%.

Trace volatile organic removals in a community septic
tank were investigated by DeWalle et al. (1982). The study
evaluated the presence of volatile organics in raw domestic
sewage generated in a subdivision serving 91 homes located
south of Tacoma, Pierce County, Washington. The wastewater
was treated by a two compartment 64,908 gallon septic tank.
The septic tank was cleaned prior to the study by having the
solids removed by pumping. The organics were measured
during a week 1long monitoring followed by six additional
samplings. The results for all samples taken indicated that
dichloromethane was found in all samples, £followed by
toluene in frequency of detection. Toluene was the most
prevalent among the priority pollutants, at an average

concentration of 34.6 ppb in the raw wastewater, and 38.8
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ppb in the effluent. These two compounds were also found in
the water collected from a 125-foot deep monitoring well
located adjacent to the drainfield.

Analysis of the volatile organic fraction typically
contained 40 to 50 compounds at a concentration > 1 ppb.
However, only 5 were 1dentified as priority pollutants in
the wastewater. These compounds showed essentially no
removal during the 2-day detention 1in the septic tank.
Table 5 1lists the volatile organicﬁ detected in the septic
tank influent and effluent averaged over the 7 day 24 hour

composites.

TABLE 5
Volatile Organics in Septic Tank Influent and Effluent
(averaged over 7 d 24 h composites)
( Dewalle et al., 1980)

Organics Concentration (ug L -1)

Influent Effluent scum Solids

Accum.

Toluene 34.6 38.8 0.7 0.02
Dichloromethane 3.6 3.4 0.9 0.25
Chloroform 1.7 0.76 0.1 0.06
Tetrachloroethane 0.76 0.28 5.8 7.6
Ethylbenzene 0.1 0.1 6.9 6.

The priority pollutants generally showed higher levels
during the weekend. It was concluded this trend probably
reflected increased leisure activities and use of related
chemicals (paint thinners, grease rembvers, toilet bowl

cleaners, etc.) during the weekend. The majority of other
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volatile compounds were hydrocarbons. Their removal by the
septic tank generally decreased with increasing molecular
weight. Several compounds reflected the presence of
anaerobic degradation processes occurring in the septic
tank. The largest increase was noted for methanethiol, with
small increases noted with larger molecular weight compounds
probably reflecting the greater difficulty for bacteria to
generate these 1large compounds. Organosulfur compounds
showed substantial increases as a result of anaerobic
degradation>processes in the septic tank. |

Trace organics in septic tank effluent wére
investigated by Viraraghavan et al. (1986). A study was
undertaken to detect the presence and level of certaln trace
organics in wastewater samples collected from a septic tank
in an individual household, from a lift station, and from a
waste treatment lagoon near Regina, Canada. Eleven priority
pollutants were analyzed. Six priority pollutants-
chloroform, bromodichloromethane, toluene, benzene,
methylene chloride and tetrachloroethylene - were detected
in the samples. Benzene and bromodichloromethane were
dominant in the samples analyzed. Benzene concentrations in
septic tank effluent (max. value 450 ppb), 11£ft station
wastewater (max. 240 ppb), and in lagoon effluent (max. 120
ppb) were much higher than in raw wastewater (max. 15 ppb).
The author gave no explanation of this occurrence of

benzene. Bromodichloromethane concentrations 1in raw



20
wastewater and septic tank effluent were 0.03 ppb and 0.46
ppb respectively, showing no removal through the septic
tank. The average concentrations in lift station wastewater
and lagoon effluent were 0.62 ppb and 0.16 ppb respectively,
showing approximately 74% removal. Toluene occurred at an
average concentration of 225 ppb in the household wastewater
while none was detected in the septic tank effluent , sludge
or scum. Chloroform was present in the lagoon effluent
sample once at a concentration of 0.03 ppb. Methylene
chloride and tetrachloroethylene could not be quantified at
the low concentrations present.

Researchers concluded that trace organics in the septic
tank effluent and lagoon effluent, at the low concentrations
detected, may not pose any significant «risk either to
aquatic 1life or ¢to public health. This conclusion
considered the attenuation capacity of the soil and the
dilution avalilable.

several researchers have analyzed septage samples from
septic tanks. MacKay (1979) reported a sample representing
domestic wastes collected from four separate residences. The
sample was taken from a cesspool waste hauler after
collection. The sample had high levels of 1,1,1-
trichloroethane (630 ppb) and lesser amount of chloroform
(80 ppb).

Ridgley (1982) investigated the sources of toxic

pollutants to the Seattle Metro Treatment system. As part
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of the project three samples were taken from septic tank
septage. These samples consisted of composites from 11 to
16 individual septic tank cleaning trucks, primarily from
residential sources, although other inputs such as bilge
water and chemical toilet pumping were present as well.
Table 6 lists the organic pollutants found in concentrations

greater than 100 ppb in septic tank septage samples.

Table 6.

organic Pollutants Found in Concentrations Greater
_than 100 Parts Per Billion in Septic Tank Septage Samples.
(values are Concentrations in ppb)

(Ridgley 1982)

Compound Sample #1 Sample #2 Sample #3
1,3 dichlorobenzene (meta) 290
1,2 dichlorobenzene (ortho) 5600
1,4 dichlorobenzene (para) 400 270 800
1,2,4,-trichlorobenzene 760
Fluorene 120
Phenanthrene 580 120
Fluoranthene 1480 130
Pyrene 1710 110
Di-octyl phthalate 4600 6500 130
Di-n-butyl phthalate 740 130
Butyl benzyl phthalate 740 130
Phenol 410 340
2 methyl phenol 210
4 methyl phenol 1300 2400
Benzene 160
Methylene chloride 600 520
Toluene 600 1200 150

only three compounds were found in all three samples at
concentrations of greater than 100 ppb.: 1,4

dichlorobenzene, di-octyl phthalate, and toluene. In
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addition to these three compounds, four other compounds were
found in all three samples but in concentrations of less
than 100 ppb.: tetrachloroethylene (range:<5-60) and
trichloroethylene (<5-50), both of which are commonly used
solvents. 4,4-DDE (range: 1.6-19), a persistent pesticide;
and various PCBs (range: 3.5-54) were also detected in the
three samples.

Koleaga et al. (1982) examined £five septage disposal
facilities in Connecticut. The facilities consisted of two
lagoons placed in series. The primary lagoon received wastes
and allowed solids to settle and undergo further biological
degradation. The secondary lagoon allowed the liguid portion
to infiltrate and percolate through the soil to the
groundwater below.

Samples were taken from trucks hauling septage to £filve
sites over three different periods in 1979 and 1980.
Toluene was found in nineteen of twenty-one septage samples.
Toluene concentrations ranged from 100 to 8500 ppb, with
three of the samples exceeding 1000 ppb. Approximately 75
percent of the septage came from residences with the
remainder being from business or commercial establishments.

Toluene (range: 0.01-1100 ppb), 1,1,1-trichloroethane
(range: <0.5-480 ppb), and methylene chloride (range: 65-85
ppb) were detected in groundwater samples taken from three
of the sites. Other trace organic compounds detected in

groundwater Iincluded: 1,1,2-trichloroethane, chloroform,
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acetone, trichlorethylene, chlorobenzene, and butane.
Tomson et al. (1983) studied groundwater pollution from
a total of eight septic tank systems around the country.
The distribution box at each site was sampled and taken as
input to the soil adsorption field. The primary emphasis of
the work was monitoring of chromatographable trace level
organics (C-TLOs). From preliminary studies, twenty-two C-
TLOs were targeted for quantification. The 1input of
targeted C-TLOs was predicted from the use of pesticides,
plasticizers, organic solvents, and neutral chlorinated
hydrocarbons. Concentrations of the 22 target compounds
varied £from a high of approximately 300 ppb in the
distribution boxes to a high of approximately 15 ppb in
groundwater wells. Typlcal concentrations in the
distribution boxes and groundwater samples were <1 ppb and
<0.1 ppb respectively , indicating generally >90% removal
of C-TLOs within a few tens of feet from the soil adsorption
systems. In sandy soils significant C-TLOs compounds were
detected up to 200 ft away £from the leach field. The
compounds at this distance were removed at greater than 90%
removal. It was concluded that a few tens of feet
(approximately 50 ft) 1s probably not sufficient for
significant C-TLO removal in sandy soil. However, in heavy
clay soils C-TLOs may only travel a few feet. Several
classes of C-TLOs were identified which together accounted

for most C-TLOs which persist in groundwater. The classes
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included chlorinated hydrocarbons, plasticizers,
antioxidants, aromatic solvents, and bicyclo compounds.

The fate and transport of organic contaminants in the
subsurface environment is a relatively new area of concern.
A varlety of possibilities exist for the movement of
organics, including transport with the water phase (Roberts
1986), transformation of hélogenated allphatic compounds
(Vogel et al. 1987), volatilization and 1loss from the soil
system, retention on the soil due to adsorption (Morrill
1982, Curtis et al. 1986, Karickhoff et al. 1979),
1ncozporation into microbial or plant biomass, and bacterlal
degradation (McCarty 1986, Macalady et al. 1986). The
relative importance of these possibilities in a given
situation is dependent upon the characteristics, and the
subsurface environmental conditions (Canter and Knox 1985).
The physical, chemical and biological processes which affect
priority pollutants' fate 1in wastewater treated by septic
tank soil-absorption systems has not been addressed in the
research. Because of the vast array of chemical and
biological transformation pathways avalilable it is beyond
the scope of this review to examine the potential fates of

all organic compounds present in wastewater.

summarized Findings of Prior Research
The potential sources of toxic organic compounds

related to domestic wastewater have been examined by several
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authors (MacKay 1979, Hathaway 1980, Rldgley 1982). Those
studies indicated that septic tank cleaners tend to present
the greatest potential for groundwater pollution because of
their direct input to the septic tank. The compounds that
appeared in these products included: methylene chloride,
1,1,1-trichloroethane, orthodichlorobenzene, and petroleum
distillates (Andreoli 1980, Hathaway 1980, Ridgley 1982).
organic solvent constituents in consumer products were als&
identified as significant sources of organic compounds in
domestic wastewater. Solvents were found as components of
paints, thinners, oven cleaners, dry cleaning £luids and a
host of other cleaning products. The compounds that were
estimated to be present in the greatest quantities included:
toluene, benzene, chloroform, 1,2-dichlorobenzene, 1,4-
dichlorobenzene, and trichloroethylene (Hathaway 1980). The
results of such studies indicated that in general, household
products contain less toxic or hazardous substances than
chemicals used in commercial or industrial processes. It was
also found that in recent years consumer products have shown
a tendency toward the use of smaller quantities and fewer
kinds of toxic chemicals. As changes occur it would be
expected that the organic compounds present in domestic
wastewater will change in concentration and vary over time
(Ridgley 1982).

The results of studies of on-site wastewater treatment

systems indicated that organic compounds are present in such
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systems, The highest concentration of chlorinated organic
compounds was found as a result of septic tank cleaning
compounds (Androeli 1980). The monitoring of raw wastewater
streams indicated the presence of a large number of organic
compounds at concentrations from <1 ppb to 320 ppb. Toluene
was present in the highest concentration in raw wastewvater
(range: 0.7 ppb-320 ppb) (Tomson 1984, Dewalle 1982).

Analysis indicated that priority pollutants in raw
wastewater showed essentially no removal during detention in
the septic tank. The removal of hydrocarbons varied
considerably and thelr removal by the septic tank generally
decreased with increasing molecular weight.

Although removal efficiencies in the septic tank were
shown to be low, analysis of septage samples have shown
elevated concentrations of organic compounds. With some
compounds one or two orders of magnitude were seen between
the raw wastewater and septage concentrations (Dewalle
1982).

The efficiency of on-site treatment systems for removal
of various organic compounds varied from 74 to 100% (Tomson
1981). The analysis of groundwater samples below different
types of sites indicates that there |is removal of organic
compounds in the subsurface environment (Andreoli 1980 ,
Kollega 1981). It was also shown that as the concentration
of certain organics increases their removal efficiency

decreases (Andreoll 1980). It appears that there |is
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sufficient removal of . organic compounds in domestic
wastewater from on-site wastewater treatment systems ¢to
meet state groundwater regulations. It has not been
demonstrated however, that small communities with commercial
establishments using STSAS have similar concentrations and
types of organic compounds in thelr waste flow. 1f
concentrations from commercial STSAS are significantly more
than domestic systems the STSAS may not be adequate to meet

state groundwater regulations.
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EXPERIMENTAL METHODS
Experimental Design

Given the on-going concern over the potential of
groundwater pollution from priority pollutants 1in septic
tank soil absorption systems, a field study was developed to
assess the presence of VOCs in small community STSAS. Six
small community systéms were selected as part of an
experimental design aimed at investigating the presence of
vocs in septic tank effluent, septage, and groundwater at
each site. The 5ﬁa11 community sites were of particular
interest because of the input of wastewatexr £flow from
commercial establishments (l.e. grocery stores, taverns,
restaurants, etc.).

The present investigation was designed around flve
general ideas. The first assumption was that priority
pollutants and more specifically, VOCs were present in
household products used by residences at each community.
Because it was not feasible to survey individual residence
about their patterns of use with respect to types and
quantities of household products, it was assumed that
household products were used and VOCs were present in such
products.

The second assumption was that household products
containing voCs were disposed through some household waste
event to the community wastewater flow. It was assumed

therefore that VOCs would be present in the raw wastewvater
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flow.

The third assumption was that VOCs were not effectively
removed in the septic tank or tanks of the small community
sites. If the VOCs where not removed then they should be
present in septic tank effluent.

The fourth assumption was that a grab sample from the
dosing chamber was representative of the wastewater flow.
It was assumed that the effects of mixing and detention in
the septic tank and dosing chamber would provide a grab
sample of effluent which was representative of a composite
from the wastewater flow.

The fifth assumption was that if VOCs were detected in
the septic tank effluent, these VOCs could contribute to
groundwater contamination via the subsurface disposal of
wastewater.

The first phase of the project involved the sampling of
six STSAS over a five month period. Septic tank effluent
was collected at each site three times during this phase.
Each septic tank effluent was analyzed for 45 HVOCS and
several standard parameters (BOD, TOC, T88, TVSS, etc.).
The results of phase one indicated that VOCs were in fact
present in septic tank effluent.

In the second phase of the project, monitoring of
septic tank effluent was continued over a seven month
period. The original six sites were sampled four times

during this period. In this phase of the experiment
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installation and monitoring of groundwater wells at four of
the small community sites was also undertaken. Four
groundwater wells were installed at three of the sites, and
at the fourth, three wells were installed to monitor
groundwater contamination adjacent to the soil absorption
beds. The samples' were analyzed for 45 VOCs and several
other standard groundwater parameters. Three septage samples
from two of the small community sites using a central septic
tank were also collected during this phase of the project.
The septage samples were analyzed for 45 VOCs and several
other standard parameters.

The following 1is a summary of samples taken during the

investigation:
Site STE Groundwater Groundwvater Septage
Samples Wells Installed Samples Samples
Kingston 7 3 12 3
Town of Scott 7 4 16 0
Maplewood 7 4 16 0
Wyeville 7 4 16 3
Westboro 7 0 0 0
Don's Mobile 7 0 0

System Descriptions
Site #1 Village of Kingston, Green Lake County, Wisconsin

The need for centralized wastewater facilities in the
village of Kingston arose out of public health concerns over
failing private septic systems. In 1979 a wastewater
facilities plan was developed outlining alternative
collection agd treatment technologlés. In 1980, plans and

specifications for the selected option of a community septic
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tank soil absorption field were submitted to and approved by
the Wisconsin Department of Industry, Labor and Human
Relations. The system went into service during December of
1981 and first exhibited permanent ponding in the soil
absorption beds during the summer of 1983. The village is
currently deciding on wastewater alternatives to replace the
failed system.

The design service population was approximately 400
perséhs at 70 gpd for a design flow of 32,800 gpd. The
design flow includes an assumed inflow of clearwater of 4800
gpd. The actual population during the study was 346
persons. Table 7 gives a breakdown of the users of the
system.

Table 7.
wastewater Sources Village of Kingston

—TYPE OF USER & OF UNITS

Single Family Homes 152
Automotive Garage
Bank

Tavern

Church

Grocery Store
Feed Mill
Restaurant
woodworking shop
. Metal Fabricator

N T o X e

-
N

Total

The village was served by approximately 11,390 £ft. of 8

in. diameter gravity sewers, 2 submersible pump stations
with approximately 1,016 ft. of 4 inch force main, plus 10
grinder pump installations with a totoal of about 1,755 ft.

of 2-1/2 1in. force main. The collection system fed a
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central three compartment 47,175 gal. septic tank. It was
sized to provide 24 hours of hydraulic detention time and 1
year sludge accumulation. Effluent from the septic tank
collected in a 8200 gal. pump chamber (dosing chamber)
equipped with two 750 gpm submersible centrifugal pumps.
The pumps were float actuated and employed digital time
recorders from which the volume of STE pumped to the
absorption beds could be back calculated.

Effluent was pumped £from the pumping éhamber through
4000 ft. of 8 in. force main to the absorption beds. 1In-
situ soils at the depth of construction were loamy sand to
sandy loam. Deeper underlying soils were predominantly fine
to medium sands.

The distribution network was comprised of an 8 in.
header running down both sides of each bed connecting to
1-1/2 1in. 1laterals 1located 5 £ft. on centers running the
width of each bed. The network was installed in 15 in.
thick washed gravel beds overlain by protective filter
fabric. The required infiltrative area for the design flow
rate of 32,800 gpd. was 36,000 square feet. Fifty percent
excess inflltrative area was provided by designing 3 beds at
18,000 square feet each (180 ft. x 100 ft.)(see Figure 1).
The system was operated such that two beds received
alternating doses of effluent for a three month period while
the third was being rested. In this manner no single bed

was in service more than 6 months.
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FIGURE 1

SITE MAP OF SOIL ABSORPTION BEDS
AT THE VILLAGE OF KINGSTON, WISCONSIN
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Site # 2 Town of 8cott13an1tary District, Sheboygan
County, Wisconsin

The Town of Scott Sanitary District serves the
unincorporated Village of Batavia. The need for centralized
wastewater facilities in the Village of Batavia arose out of
public health concerns over falling private septic systems.
A sanitary survey in Bataviab indicated that individual
private sewage systems in Batavia were restricted by
unsatisfactory types of solils, small 1lot sizes, high
groundwater and shallow bedrock. In 1984, plans and
specifications for the selected option of a community septic
tank soll absorption field were submitted to and approved by
the Wisconsin Department of Industry, Labor, and Human
Relations. The system went into service during September
of 1985.

The design service population was approximately 215
persons at 120 gpcd, with an estimated 3700 gpd commercial
flow. The design flow rate for the system was 29,500 gpd.
The actual population during this study was approximately
170 persons. Table 8 details a breakdown of the users of

the system.
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Table 8.
Wwastewater Sources Town of Scott
Sanitary District

TYPE OF USER $ OF UNITS
Single Family Homes 55
Duplexes 10
Elementary School 1
Hardware Store 1
Restaurant 1
Bar and Restaurant 1
Church 1
Legion Hall 1
Eire Station 1

Total 72

The population equivalent of the inventoried units was
240 persons at 120 gpcd. The village was served by
approximately 5,977 f£t. of six in. gravity sewers and two
septic tank effluent pump stations. During construction of
the system all individual septic tanks were inspected and
either replaced or rehabilitated. Each residence was served
by a individual septic tank during the study. Two existing
septic tanks located below grade were served by septic tank
effluent pumps to discharge their effluent to the gravity
sewer. The septic tank effluent collection system
discharged to a central 1ift station.

The effluent was collected at a central 1lift station
with a capacity of 140 gallons. The 1ift station was
equipped with two submersible, non-clog sewage pumps, each
rated at 125 gallons per minute. The pumps were float
actuated and employed time recorders from which the volume
of STE pumped to the absorption fields could be calculated.

The 1ift station pumps discharged through two 10 ft.
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sections of 4 in. force main to a metering manhole.

The metering manhole discharged into approximately
4,333 feet of 6 1in. force main. The force main terminated
in a dosing chamber with a capacity of 5984 gallons. The
septic tank effluent was automatically siphoned from the
dosing chamber to two of three solil absorption flelds.

Each soil absorption field was approximately 19,000
square feet in area. In-situ soils at the depth of
construction were sand, medium dense, fine to medium
g;ained, with trace to 1little silt. Deeper underlying
soils were predominantly sand, medium dense to dense, fine
to coarse grained, with a trace of silt. Cobbles were
present in small lenses at varied depths below the site..

The distribution network was comprised of an 8 in.
manifold running down the center of each of the beds and 1-
1/2 in. laterals at 8 ft. on centers running the width of
each bed. The laterals were perforated and were installed
in 10 in. thick washed gravel beds overlain by protective
filter fabric. The infiltrative area used for the average
design flow rate of 29,500 gpd. was 57,344 square feet.
There are three beds in the drainfield, two beds at 100 ft.
x 192 ft. and the third at 128 ft. x 148 ft.(see Figure 2).
The system was designed to operate such that two beds
received alternating doses of effluent for a three month
period while the third was rested. The system was initially

operated with only one bed in service due to operétor error.

1



FIGURE 2
SITE MAP OF SOIL ABSORPTION FIELDS
AT THE TOWN OF SCOTT SANITARY DISTRICT
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Site # 3 Maplewood Sanitary District, Maplewood, Door
County , Wisconsin

The Maplewood Sanitary District serves the
unincorporated Village of Maplewood. The need for
centralized wastewater facilitlies in the Village of
Maplewood arose out of public concerns over falling private
septic systems. 1In 1980, plans and specifications for the
sanitary sewer, force malins, 1ift statlions and soll
absorption beds were submitted and approved by the Wisconsin
Department of Industry, Labor and Human Relations, The
system went into service in 1981.

The design service population was approximately 310
persons at 65 gpcd for a design flow rate of 20,150 gpd.
The actual population during the study was approximately 130
persons. Table 9 details a break down of the users of the
system.

Table 9.

Wastewater Sources Village of Maplewood
Sanitary District

— TYPE OF USERS § OF UNITS

Single Family Homes
Multiple Family Dwellings
service station

Plumbing Supply

Auto Parts Supply

Welding Shop

Bar and Restaurant

Tavern

Church

Parsonage

Post Office and Implement Shop

community Hall

>

P T T T ol el el L RS

Total

N
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The population equivalent of the inventoried units was
193 persons at a 65 gpcd. '

The village was served by approximately 5,975 ft. of
six in. gravity sewers, 1,875 ft. of 2 in. force main, and
900 ft. of 2-1/2 in. force main. buring construction of
the system all individual septic tanks were inspected and
either replaced or rehabilitated. Each residence was served
by an individual septic tank during the study. The septic
tank effluent was pumped to one of three lift stations.

Effluent from the two outer lift stations was pumped to
the central 11ift station. The central 1ift station was
equipped with two submersible, non-clog sewage pumps, each
rated at 80 gpm. The pumps were float actuated and employed
time recorders from which the volume of STE pumped to the
absorption fields could be calculated.

The central 1ift station discharged through 800 ft. of
4 in. force main. The force main terminated in a 2000 gal.
septic tank, from the septic tank, effluent flowed through 6
ft. of 4 in. main to the 12,930 gallon dosing chamber.

The septic tank effluent was automatically siphoned from the
dosing chamber to two of the three soil absorption beds.

Each soil absorption fleld was approximately 12,600
square feet 1in area. In-situ soils at the depth of
construction were sandy loam. Deeper underlying solls were
predominantly loamy sand and sand. Stratified layers of

silts, sands and clays were seen approximately 18 ft. below
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the depth of the beds.

The distribution network was comprised of a 10 in. main
supply to a 6 in. distribution header running down the
center of each bed. The distribution header connected to 2-
1/2 in. laterals at 5 £t. on center running the width of
each bed. The laterals were perforated and installed in 15
in. washed gravel beds overlain by protective fllter fabric.
The infiltrative area used for the design flow of 20,150
g.p.d. was 37,400 square feet. There were three beds in the
drainfield, two beds at 180 ft. x 70 ft. and a third bed at
138 ft. by 100 £t. with an 800 square foot triangular area
not used (see Figure 3). The system was designed to operate
such that two beds received alternating doses of effluent

for a three month period of time while the third was rested.



FIGURE 3.

SITE MAP OF SOIL ABSORPTION BEDS
AT THE MAPLEWOOD SANITARY DISTRICT
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Site #4 Wyeville, Monroe County, Wisconsin
The need for centralized wastewater facilities in
the Village of Wyeville arose out of public concerns over
failing private septic systems. A sanitary survey in
Wyeville indicated 57% of private sewage systems were
failing and that these systems were discharging effluent to
groundwater. In 1984, plans and specifications for the
proposed low pressure sewer, community septic tank and
mound soil absorption system were submitted and approved by
the wisconsin Department of Industry, Labor and Human
~ Relations. The system went into service during September
1985,

The design service population was approximately 293
persons at 60 gpcd for a design flow rate of 17,600 g.p.d..
The actual population was approximately 163 at the time of
the study. Table 10 details a break down of the users of
the system.‘

Table 10.

Wastewater Sources
Village of Wyeville, Wisconsin

— TYPE OF USER B OF UNITS

Single Family Homes )
Elementary School

Tavern

Retall Store

Motel

village Hall

Gas station and Garage

village Garage

Post Office

s 1= 1= = 0O N = OO

Total 68

The population equivalent of the inventoried units was
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293 persons at 60.0 gpcd.

The village was served by approximately 9,900 ft. of 1-
1/4 in., 1,700 £t. of 1-1/2 in., 2,200 £t. of 2 in., 1,200
ft. of 2-1/2 in., 4,600 ft. of 3 in., and 2300 ft. of 4
in. pressure sewers, 27 manholes and 7 air release manholes.
puring construction all individual septic tanks were
replaced by grinder pump units. A total of 69 simplex and 3
duplex grinder pump systems were installed. Each simplex
and duplex pump had a tank capacity of 60 gallons and 120
gallons respectively. Each pump was equipped with a, alarm
light, buzzer and level detecting device for controlling
pump operations. The pumps discharged wastewater to the low
pressure sewers. The low pressure sewers discharged to a 3
chamber 25,200 gallon community septic tank.

The septic tank effluent discharged to a 4,100 gallon
pumping chamber. The pump chamber was equipped with 3
submersible, non-clog sewage pumps, each rated at 475 gpm.
The pumps were float actuated and employed time recorders
from which the volume of STE pumped to the mounds could be
calculated.

The pump chamber discharged effluent through an 8 in.
manifold to each mound. In-situ soils at the depth of
construction were medium dense, fine sand with occasional
seams of silt and/or clay. The mounds were constructed
above grade with 12 inches of medium dense, course sand

overlain by 10 inches of washed gravel.
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The distribution network was comprised of an 8 in.
manifold reducing to a 6 in., 14 £t long manifold, reducing
toa 4 in., 12 £t long manifold. The two manifolds ran the
width of the mounds located 50 £t. from either end of the
mounds. The distribution header connects to six S5 £t high,
2 in. risers located 7 ft. on centers. The risers connect
to a 2 in. tee with 50 ft. laterals extending from each side
of the tee. The laterals were perforated and installed in
10 inch washed gravel beds overlaln by protective filter
fabric. The infiltrative area used for the design flow of
17,600 gpd. was 40,000 square feet. Three beds were
provided with the following dimensions: mound 1 (229 £t. x
54 £t.), mound 2 (229 ft. x 59 £t.), mound 3 (231 ft. x 61
ft.) (see Figure 4). The system was designed to operate
such that two beds received alternating doses of effluent
for a three month period of time while the third mound was

rested.
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Site # S Westboro, Taylor County, Wisconsin

The need for centralized wastewater facilities in the
community of Westboro arose out of public concerns over
failing septic systems. In 1976, plans and specifications
for the construction of a small dlameter sewage collection
system with 1ift stations, and a sewage treatment system
consisting of individual septic tanks and a community drain
field were submitted and approved by the Wwisconsin
Department of Industry, Labor and Human Relations. The
system went into service in 1977.

The design service population was approximately 300
persons at 100 gpcd for a design flow rate of 30,000 gpd.
The service population duridg the study was approximately
205 persons. Table 11 details a break down of the users of

the systems.

Table 11.
Wastewater Sources Community of Westboro
Wisconsin
—TXPE OF USER § OF UNITS
Single Family Homes 68
Service Station 2
Machine Shop 1
Tavern 2
Grocery Store 1
Church 3
Post Office 1
School 1
Town Hall and Fire station 1
Total 80

The population equivalent of the inventoried units was

205 persons at 100 gpcd.
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The coﬁmunlty was served by approximateiy 5839 ft. of 4
in. gravity sewer, 949 ft. of 8 in. gravity sanitary sewer
main, 3130 £t. of 3 in. force main, 730 £t. of 2 1in. force
main, and 1650 £t. of 1-1/2 in. force main. During
construction of the system all individual septic tanks were
inspected and either replaced or rehablilitated. Each
residence was served by an individual septic tank ddzlng the
study. The septic tank effluent was pumped to one of two
11ft stations, effluent from the outer 1lift station was
pumped to the central 1ift station.

- The central 11£ft station was equipped with two
submersible, non-clog sewage pumps, each rated at 60 gpm.
The pumps were float actuated and employed time recorders
from which the volume of STE pumped to the absorption flelds
could be calculated.

The central 1ift station discharged through 1150 £t. of
3 in. force main to a 9540 gal. siphon chamber. The
wastewater in the siphon chamber flowed through three 12 in.
siphon lines each 1482 £t. 1in length to three solil
absorption beds.

Each soil absorption £ileld was approximately 13,000
square feet in area. In-situ soils at the depth of
construction were predominantly very £ine sand and silts
interbedded with layers of coarser sands and gravels in the
northern one-half of the site. The soils of the southern

half of the site were predominantly more sandy and with less
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1ﬁte:bedded discontinuous lenses of very f£fine sands and
silts.

The distribution network was comprised of a 12 in.
siphon pipe; flow to each absorption fteld was split at a
wpn gection into twp 8 in. header pipes. As each header
pipe traveled the length of the field it reduced to 6 inches
half way down its length and to 4 inches at 3/4 of its
length. The distribution headers connected to 3 1in.
laterals located 5.25 £t on center and extended to the side
and center of the bed. The laterals were perforated and
installed in 18 in. of stone and covered with filter fabric,
then backfilled with natural soll materials from the site.
The infiltrative area used for the design flow of 30,000
gpd. was 39,000 square feet. Three beds each 130 £t. x 100
ft were provided in the drain £leld. Fifty percent excess
area was provided with 3 beds (see Figure S). The system
was designed to operated such that two beds recelived
alternating doses of effluent for a three month period while
the thfrd was being rested. In this manner no single bed

wés in service more than 6 months.
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Site # 6 Don's Mobile Manor, Dane County, Wisconsin

The need for replacement of centralized wastewater
facilities at Don's Mobile Manor arose out of concern over
fallure of an existing system. In 1983 plans and
specifications for the lift station and soil absorption bed
were submitted to the Wisconsin Department of Industry,
Labor and Human Relations. The system went into service in
during 1984.

The system was designed to serve 10 mobile home units
at a design flow rate of 2000 gpd. Approximately 400 ft of
3 in. gravity sewer served the ten trailers. The wastewater
discharged to a 3750 gallon septic tank. The STE was
discharged to a 4787 gallon dosing chamber. The 1ift
station was equipped with one submersiple, non-clog sewage
pump. The 1ift station discharged through 384 of 3 in.
force main to the soil absorption bed.

The soil absorption bed was approximately 2940 square
feet in area. In-situ soils at the depth of construction
were predominantly silty. Stratified layers of sand and
gravel were seen in four soil borings on site.

The distribution network was comprised of a 3 in.
manifold connected to 1-1/4 1in. laterals located 6 f£ft. on
center. The laterals were perforated and installed in 10
inches of gravel overlain by protective filter fabric. The

bed provided was 98 ft x 30 ft. (see Figure 6).
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Scale: 1"=60’

FIGURE 6
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Fileld and Analytical Methods
Septic tank effluent was collected £from the dosing
chamber, pumping chamber, or siphon chamber at each of the
six sites. The specific point of sampling at each site,

except for Kingston, is indicated on Figures 2-6 as follows:

Site sampling Point
Kingston (KS8) Pumping Chamber
Town of Scott (T8) Dosing Tank
Maplewood (MW) Dosing Chamber
Wyeville (WV) Dosing Chamber
Westboro (WB) Siphon Chamber

Don's Mobile Manor (DONS) Dosing Chamber

The composition of STE was determined from grab samples
collected between March 1986 and March 1987. Samples for
VOC analysis were collected using a specially constructed
apparatus consisting of a 300 mL wide-mouth teflon container
mounted on a portable aluminum frame. The sample jar was
capped with a teflon cap 1liner which could be remotely
opened and closed by pulling or releasing a wire attached to
- it. The sample 3Jjar was submerged so that the 1id was
approximately 2 ft. below the liguid level and then the 11id
was raised and a 300 mL. sample was collected. The 1id was
closed prior to removing the jar from the 1liquid. Sampling
in this manner excluded any scum or floating debris from the
sample collected (see Figure 7).

After the samples were collected the sample Jar was
removed from the sampling device and a teflon lid was

screwed onto the sample Jjar. The 1id was fitted with two
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teflon straight bulk head fittings. One of the flttlhgs
FIGURE 7.

SEPTIC TANK EFFLUENT SAMPLING APPARATUS
(Adapted from Anderson et al. 1984)
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terminated at the surface of the sample collection jar and
was connected to a éylinder containing purified nitrogen.
The other bulk head fitting extended to the bottom of the
‘sample collection jar and was connected to a 2 ft. length of
1/4 in. teflon tubing. The cylinder was used to place a low
positive pressure inside the sample jar to force sample from
the bottom of the Jjar through 1/4 1in. tubing to the

collection vials (see Figure 8).
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FIGURE 8.
TEFLON SAMPLING JAR
FOR SAMPLING SEPTIC TANK EFFLUENT

Purified E r Wastewvater

[
Nitrogen Cylinder ' Sample
at low pressure out to 40 mL
vial
AR

A slight pressure was used to produce laminar flow in
the sample discharge tube. The sample was collected in a 40
mL VOC sampling vial. The vial was filled to the top and
allowed to overflow for four seconds and then sealed with a
screw-on teflon lined cap. Four vials were fllled for each
sample and a trip blank was carried with every two samples.

The sampling apparatus could also be fitted with a 4-
liter, wide-mouth polyethylene bottle. The contents of the
4-liter sample bottle were divided into two one liter
samples for ‘subsequent physical and chemical analyses. The
remaining sample volume was used for on-site determination
of pH, temperature, and electrical conductivity.

The apparatus was used 1in the same manner to collect
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samples of septage from the community septic tanks at
Kingston and Wyeville. Septage samples were collected and
divided the same as STE samples.

The sampling apparatus was thoroughly cleaned with
deionized water after each sampling. At sites where both
STE and septage were sampled, STE was sampled £first and the

appartus cleaned before sampling septage.

Groundwatex Monitoring

Groundwater monitoring wells were installed at the
following four sites; Villagé of Kingston, Town of Scott,
village of werIIIe, and the village of Maplewood.

The groundwater monitoring wells were installed using a
wisconsin Geological and Natural History Survey truck-
mounted rotary drill head and a 6 in. continuous-£f1light,
hollow stem auger. Inspection of soll cuttings during the
drilling operations at each site confirmed previous subsoll
classification below the absorption systems. The wells were
constructed of 2 in., Schedule 40, threaded flush joint, PVC
pipe. Each well was screened with 5 ft., of 2 in., slotted,
0.010 in., Schedule 40 PVC well screen. The screened portion
of each well was back filled with sand cuttings and capped
with a bentonite seal. The borehole was then filled to grade
and a protective steel casing was installed and secured with
a concrete plug. Well construction details are given in

Appendix A.
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Figure 9 \indicates the location of groundwater
monitoring wells and Flgure 10 depicts the vertical
elevation of wells at the village of Kingston. Figure 11
shows the general groundwater f£flow pattern on October 16,
1984 which was to the northeast of the site (Swed 1985).

Figure 12 indicates the location of groundwater
monitoring wells and Figure 13 depicts the vertical
elevation of wells at the Town of Scott. Figure 14 shows
the general groundwater flow pattern on February 3, 1987
which indicates mounding at the site with flow mostly to the
east (WDNR 1987).

Figure 15 indicates the location ' of groundwater
monitoring wells and Figure 16 depicts vertical elevation of
wells at the village of Maplewood. The author was unable to
determine the general groundwater flow because of the
limited number of data points at this site.

Figure 17 indicates the location of groundwater
monitoring wells and Figure 18 indicates the vertical
elevation of wells at the Village of Wyeville. Figure 19
shows the general groundwater flow pattern on November 11,
1987 with flow to the north of the site (WDNR 1987).

sampling of groundwater wells was accomplished by use
of a 5 ft., 1-3/4 in., stainless steel baller. The baller
was attached to 15 £t. of 5/64 in. teflon coated stainless
steel wire. Attached to the wire was 25 £t. of 3/16 in.

polypropylene cord. Thls was done so that the sampling
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FIGURE 11.
WATERTABLE CONTOUR ON OCTOBER 16,1984
AT THE VILLAGE OF KINGSTON
(SWED 1985)
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FIGURE 12.
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FIGURE 19.
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apparatus contacting groundwater was either stalnless stee1
or teflon. A large plastic cloth was placed on the ground
around the base of a well when sampling to prevent the
bailer line from touchlng' the ground. The bailer was
lowered slowly into contact with the water surface in each
well. Six volumes of standing water were removed from each
well and discarded before sample collection. This was done
to assure that collected sample was representative of actual
groundwater and not stagnant water in the wells.

Two samples were collected 1in 1-L acid-washed plastic
bottles and transported on ice to the U.W. Department of
civil and Environmental Engineering Laboratory. One sample
was preserved with appropriate acid to pH less than 2.0 and
the other sample was not preserved, both samples were stored
at 4 degrees Celsius pending analysis.

A teflon bailer bottom-emptying device was used to
collect VOC samples. The sample was collected on a fresh
bailer full of water and emptied into 40 ml vials until
slightly overflowing and a positive menlscus was formed.
The samples were capped immediately and checked to make sure
no air bubbles were present in the vial. The samples were
transported on ice to the Wisconsin State Laboratory of
Hyglene. Samples were stored at 4 degrees Celsius pending
analysis.

The bailer, cord and emptying device were throughly

rinsed with delonlized water after sampling each well.
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The test methods and instrumentation used to analyze
STE, groundwater and septage samples are listed in Table 12.

The BOD5 test was conducted on STE and septage samples

only.
Table 12.
Analytical Methods

Parameter  Instrameat Jethed

pi  (fleld)  Cole Parmer Digi-sease Dlrect Readling (VSERA 1979}
pil meter

(1ab) Coraing pil Meter Direct Reading (USERA 1979)

Hodel 10

Conductivity  Lab Liae Model *n° Direct Readiag (USEPA 1979)

£0C, POC Dohrmana 22h Method 415.2 (VsEPA 1979)
dodel bC-40 EPA Nethod 415.1 (USEPA 1979)
80DS TSI Oxygea Meter EPA Method 405.1 (VSEPA 1979)
Model S4A
Solids (stasdard apparates) EPA Nethod 160.2-4 (USERA 1979)
ni- techaicon Auto-Amalyzer EPA Method 350.1 (VSEPA 1979)
Y Yechaicon Aute-Analyzer BPA Nethod 353.2 (USEPA 1979)
502-1 fechaicon Auto-Amalyzer EPA Method 353.2 (VSERA 1979)
Chloride fechalcon Auto-Asalyzer USGS Nethod (VSGS 1979)
I-2107-1
voC GC/uS (Mead space) Screealaq (Pederal Register)
[ ¢as Chrematography EPA Nethod (Pederal Register)
(see App. O for 601 ¢ 602

detection 1linits)
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RESULTS
System Results
Site #1 Kingston, Green Lake County, Wisconsin
The first area of interest was the quality and volume of
STE applied to the absorption fields. Characteristics of
Kingston STE are given in Table 13. The values reported are
mean concentrations for seven sampling periods. The STE
samples were collected at the system pump chamber. The data
from sampling are listed in Appendix B.1.
Table 13.

STE Composition at the
village of Kingston, Wisconsin

__ Parameterx Concentration (ma/L)

BODS 194.

TOC 157.59

TS 1087.

TSS 49,

NH4-N 67.3

NO3-N < 0.05

NO2-N < 0.05

Cl 228.1

The measured concentrations were generally higher than those
reported by other investigators (see Table 14.).

The average volume of STE pumped to the absorption
fields was 14,204 gallons per day over the period of the
study. The average daily flow for each month during the
study is represented in Figure 20.

Table 15 indicates which beds where being dosed over
time. In general, the beds were alternately 1loaded for 3
month periods. Depending on the rotation a single bed was

loaded for either 3 or 6 months.



Table 14

Comparlizon of Septlic Tank Effluent Composition As
Determined by Various Investigators¥*,

(Sieqrist et al., 1983)
Hultiple Homes Individual Homes
Wes tboro, Bend, Glide, Manila, College Wiscon- Pennsyl-

Parameter Units Wl OR OR CA Sta.,TX sin vania Oregon
BODg mg/L 168 157 ns 189 - 132 - 217
coo mg/L 338 276 228 284 266 445 483 -
TS mg/L 663 - 376 355 - 895 - -
1SS mg/L 85 36 " 52 15 - 87 108 146
TKN mgh/L 57 4 50 - 29.5 81.5 74.4 57.1
HHq mgN/L 44 - 32 - 24.7 53.5 - 40.6
N03 mgN/L 6.4 - 0.5 - 0.2 0.95 <0.33 0.42
TP ngP/L 8.1 - - - 8.2 21.8 18.2 -
pHl - 6.9-7.4 6.4-7.2 6.4-7.2 6.5-7.8 7.36 7.3 - -
CL- mg/L 62 - - - 1.83 164 230 -
EC umhos/cm 1073 - - - 3204 209.8 - -
Grease mg/L : 65 16 22 - - - -
F. Coli-

forms Log#/L 7.3 - - - 6.04 6.45 - 6.41
F. Strep-

tococci Log#/L 5.7 - - - - 5.40 - -
Flow Lpcd 136 151-227 182 151-216 166 - -

* Descriptions

Hestboro, MI
Bend, OR
Glide, OR
Manila, CA
College Sta.,
Texas
Hisconsin
Pennsylvania
Oragon

Ste from one septic tank serving 9 homes (Brown, et al., 1977)
33 single family homes in Misconsin (Harkin, et al., 1979)

10 single family homes in Pennsylvania (Cole and Sharpe, 1981)
8 single family homes in Oregon (Ronayne, et al., 1982)

Small diameter gravity sewer collected STE from a small community.
Pressure sewer collected STE from 11 single family homes (Bowne, 1982).
Pressure sewer collected STE from a small community (Bowne, 1982)
Pressure sewer collected STE from 330 connection (Bowne, 1982).

TL
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The volatile organic compounds detected in STE samples
at Kingston, Wisconsin are presented in Table 16.

Table 16.
Concentration of Volatile Organic Compounds Detected
in STE at the Village of Kingston, Wisconsin
(Concentrations = ppb)

Date of Sample Collection
3/06 S8 UK K/8 1181 1181 3168

Parameter

p-dichlerobenzene .4 2.2 .4 t .0 - {4
Toluene 120 = W 200.0 * 5.0 19.4 15.4
1,1,1-trichlorocthane 1.2 1.9 - - - 1.2. -

Chlerofora 1.9 1.1 - - - - -

Iylenes - - 3 - - - -

Beazene - 14 -

Coxc. = pp;., ¢ = detected bat aet qualtl;led, -z b;lcv letection 1isit
The concentrations of volatile organic compounds
detected in septage at Kingston are presented in Table 17.
The samples were collected from the central septic tank at
Kingston.
Table 17.
Concentration of Volatile Organic Compounds

in septage at the village of Kingston, Wisconsin
Ooctober 1986 - March 1987

10/19/86 1/14/87 3/16/81
Parameter
p-dichlorobenzene - . C - 4.4
Toluene 80.0 360.0 150.0

conc. =ppb, - = below detection limit
The results of‘groundwater monitoring for conventional
parameters are presented in Appendix c.l. The results
indicated that wells KSMW2 and KSMW3 were located in the
discharge plume from the system. The results of groundwater

monitoring at Kingston indicated that volatile organic
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compounds were not present |in detectablq concentrations in
the three wells sampled. The wells were sampled four times.
A total of 12 groundwater samples were collected at

Kingston.

Site #2 Town of Scott Sanitary District, Sheboygan County,
Wisconsin
Characteristics of the STE at the Town of Scott are
given 1in Table 18. The values reported are mean
concentrations for seven sampling periods. The STE samples
were collected at the systems, dosing chamber. The data

from sampling are listed in Appendix B.2.

Table 18.
STE Composition at the Town of Scott, Wisconsin
— Parameter Concentration (mg/L)

BODS . 92.

TOC 97.

TS 870.

TSS 47.

NH4-N 73.4

NO3-N < 0.05

NO2-N < 0.05

Cl 1?4.2
The measured composition was lower 1in BOD5 and higher in
NH4-N than that reported by other investigators (see Table
14.).

The average volume of STE pumped to the absorption
flelds was 14,195 gallons per day over the period of the
study. The average dally flow for each month during the
study is represented in Figure 21.

Table 19 indicates which beds where being dosed over

A |
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time. Due to operator error Beds 1, 2 and 3 were dosed
independently during start up of the soll absorxption systenm.
Normal operation of the system began during January 1987. In
general, the beds were alternately loaded for 3 month
periods.

Table 19.

Bed loading at Town of Scott, Wisconsin
March 1986 through March 1987

March 1986 - March 1987

l;zuzuymmngseptoctmmmmm

Bed

1 z

1 r * ¥ I X % I r 1
3 1 r 1 13

z - indicates that bed was Ia service

Figure 21.
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The volatile organic compounds detected in STE samples
at Town of Scott Sanitary District, Wisconsin are presented
in Table 20.
Table 20.
Concentration of Volatile Organic Compounds Detected
in STE at the Town of Scott, Wisconsin

Date of Sample Collection
YUME  S/6/06 636 IV I 1S 3N

Paraneter
p-dichlorobenzene - - - 1.5 0.0 14 .6
Tolacne - - 1.4 51.0 10.0 6.0 6.2

Tetrachleroethlyene 2.0 -
Conc. = ppb., * = detected but mot quantified, - = belov detection linit

The results and discussion of groundwater monitoring
for conventional parameters are presented in Appendix C.2.
The results indicated that monitoring wells TSMW 1, TSMW2,
and TSMW3 were screened in the discharge plume £from the
system. The results of volatile organic compounds detected
in groundwater at Town of Scott are presented in Table 21.
The results are based on 16 groundwater samples. Refer to
Figure 12 for the location of monitoring wells.

Table 21.
Concentration of Volatile Organic Compounds

in Groundwater at Town of Scott, Wisconsin

October 1986 - March 1987
8/19/86 10/4/86 10/4/86 3/20/87

Well No. TSMW1 TSMW1 TSMW2 TSMW2
Parameter
1,1,1-Trichloroethane 1.9 2.8 2.20 1.7

154V - denotes Town of Scott l.lltotllq.l!ll, Conceatration 1a ppb.

o |
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Site #3 Maplewood Sanitary District, Door County, Wisconsin
Characteristics of Maplewood STE are given 1in Table 22,
The values reported are mean concentrations for seven
sampling periods. The STE samples were collected at the
system sump chambers. The data from sampling are listed in
Appendix B.3
Table 22.

STE Composition at the
village of Maplewood, Wisconsin

— —Parameter Concentration (mg/L)

BODS 71.

TOC 84.16

TS 803.

TSS 217.

NH4-N 29.3

NO3-N 0.16

NO2-N < 0.05

cl 176.3

The measured composition was lower in BOD5 and TS§ than that
reported by other investigators (see Table 14.).

The average volume of STE pumped to the absorption
fields was 18,017 gallons per day err the period of the
study. The average dally £low for each month during the
study is represented in Figure 22.

Table 23 indicates which beds where being dosed over
time. In general, the beds were alternately loaded for 3
month periods. Depending on the rotation a single bed was
loaded for either 3 or 6 months. Due to operator error beds

2 and 3 were loaded over the design period of 6 months
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Table 23.

Bed loading at Village of Maplewcod, Wisconsin
March 1986 through March 13987

Averoge Dally Flow In Ggllons Per D
¢ 'V(Thausnnd:s o

March 1986 - March 1987

Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar

Bed
1 X H X X PO S ¢
2 X ¥ %X X X X b
3 XX X XX X X
x - indicates that bed was in service
Figure 22.
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The volatile organic compounds detected in STE samples
at the village of Maplewood, Wisconsin are presented in

Table 24.

Table 24.
concentration of Volatile Organic Compounds Detected
in STE at the Village of Maplewood, Wisconsin
(Concentrations = ppb)

Date of Sample Collection
A6 S/A6/86  6/30/86  S/18/06  10/4/81  1/6/81 /01

Parameter
p-dichlorobenzene [N}
Toluene
1,1,1-trichloroethane
Chlorofora
Iylenes
Benzene
Bthylbenzene

-
@ »>

2

—
LI I R
o« e

[ I R R B B =~ I )
L
(o
"V 1 Y o
-
-

1

.-‘Mril v’w
-

Conc. = ppﬁ., t = detected but mot quantified, - = helbv detection limit

The results and discussion of groundwater monitoring
for conventional parameters are presented in App&ndlx c.3.
The results 1n61cated that monitoring wells MWMW2, MWMW3 and
MWMW4 were screened in the discharge plume from the system.
The four wells were sampled four times. A total of 16
groundwater samples were collected over the study. The
results of groundwater monitoring at Maplewood indicated
that volatile organic compounds were not present |in

detectable concentrations.
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Site #4 Wyeville, Monroe County, Wisconsin
Characteristics of Wyeville STE are given in Table 25.
The values reported are mean concentrations for seven
sampling periods. The STE samples were collected at the
system sump chambers. The data from sampling are listed in
Appendix B.4.
Table 25.

STE Composition at the
village of Wyeville, Wisconsin

— Parameter Concentration (ma/L)

BOD5 165.

TOC 135.3

TS 589.

TSS 73.

NH4-N 56.0

NO3-N < 0.05

NO2-N < 0.05

cl 116.0

The measured composition was similar to that reported by
other investigators (see Table 14.).

The average volume of STE pumped to the absorption
fields was 7,681 gallons per day over the period of the
study. The average dally flow for each month during the
study is represented in Flgure 23.

Table 26 . indicates which beds were being dosed over
time. In general, the beds were alternately loaded for 3
month periods. Depending on the rotation a single bed was

loaded for elther 3 or 6 months.

A
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Average Ddlya?lu‘l:nmlm Per Day

Table ZE.
Bed loading at Wyeville, Wisconsin
March 1986 through March 1387

March 1986 ~- March 1987

Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar

Bed
1 ¥ ¥ X x % X X H
2 ¥t X XX X o3 2
3 X £ X X X % x X % x
x - indicates that bed vas in service
Figure 23.

2 Average Dally Flow ot Wyeville, Wi.

1

10 o

9

8-

7 -

8 -

3 T T T T T T —T

L] 1 L
Mar 86 Apr May Jun Jul Aug Sept Oct Nov DecdJon B7 Feb Mar
March 1988 — March 1987
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The volatile organic compounds detected in STE samples
at Wyeville, Wisconsin are presented 1in Table 27.

Table 27.
Concentration of Volatile Organic Compounds Detected
in STE at the Village of Wyeville, Wisconsin
(Concentrations = ppb)

Date of Sample Collection
325/86  S/15/06  6/23/% V2386 1181 IR mm
Paraneter

p-dichlerobenzene 3.0 1.0 6.0 12.0 1.0 19.0 2.0
foluene 2.4 .0 12.0 . 1K) 1.0 1IN )
Chlorofora - 2.5 - - - 14 1.6
Iylenes 6.9 9.1 6.4 .0 5.0 - 1.9
Bthylbeazene - 24 1.3 T 34 44 -
Conc. = ppb., t = detected but not quantified, - = belov detection linit

-

The concentration of volatlile organic compounds
detected in septage at Wyeville are presented in Table 28.
The samples were collected from the central septic tank.

Table 28.
Concentration of Volatile Organic Compounds
in Septage at the Village of Wyeville, Wisconsin

Ooctober 1986 - March 1987

10/11/86 1/13/87 3/16/81

Parameter

P-Dichlorobenzene 37.0 25.0 44.0
Toluene 640.0 450.0 980.0
Tetrachloroethylene - 1.4 -
Chloroform - 1.3 -
Ethylbenzene - 1.4 -
Xylenes . - 4.0

conc. = ppb., - = below detection limit

The results and discussion of groundwater monitoring
for conventional parameters are presented in Appendix C.4.
The results indicated that monitoring wells WVMW 2, WVMW3,

and WWMW4 were all screened in the discharge plume from the

8
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system. The wells were sampled four times during the course
of the study. A total of 16 groundwater samples were
collected. The results of volatile organic compounds
detected in groundwater monitoring at the Village of
Wyeville are presented in Table 29. Refer to Figure 17 for

the location of monitoring wells.

Table 29.
Concentration of Volatile Organic Compounds
in Oroundwater at village of wyeville, Wisconsin

october 1986 - March 1987

8/23/86 10/11/86
well No. WVMW2 WVMW2
Parameter
Chloroform 1.4 -
p-Dichlorobenzene - 2.6

WU - denotes Village of Wyeville Noaitoring well, Conceatratioa ia ppb.
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Site #5 Westboro, Taylor County, Wisconsin
Characteristics of wWestboro STE are given in Table 30.
The values reported are mean concentrations for seven
sampling periods. The STE samples were collected at the
system dosing chamber. The data from sampling are listed in

Appendix B.S.

Table 30.
STE Composition at
Westboro, Wisconsin

pParameterxr . concentration (mg/L)
BODS 137.

TOC . 118.72

TS 599.

TSS 61.

NH4-N 77.4

NO3-N < 0.05

NO2-N < 0.05

Ccl 77.4

The measured composition was similar to that reported by
other investigators (see Table 14.).

The average volume of STE pumped to the absorption
flelds was not tabulated during the study. Previous research
between June 1981 and October 1982 indicated average daily
discharge of 8,500 gal/d (Siegrist 1984). The loading of
beds was not monitored during the study.

The volatile organic compounds detected 1in STE

samples at Westboro, Wisconsin are presented in Table 31.



Table 31.
Concentration of Volatile Organic Compounds Detected
in STE at Westboro, Wisconsin
(Concentrations = ppb)

Date of Sample Collection .
32506 S/1S/86  6/28/86 42386 /181 LAY 31U

Parameter
p-dichlerobeazene ¢ ¢ 3.2 - 1.9 (N 13.4
foluene t t { ) 1.l 19.0 1.0 0.
Chlorofera - ¢ - - - - -
Iyleaes t U .0 - 1.1 .4 -
Beazeae t ¢ 5.1 - 4.6 4.5 -
Bthylbeazene - t 1.4 - - - -
1,2-Dichloroethane - ¢ - - 1.6 - -

- t - - - - -

Carboa Disalfide
Coac. = ppb., * = detected but not quantified, - = belov detection linit

Groundwater wells were not installed at Westboro, WI.

85
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Site #6 Don's Mobile Manor Trailer Park, Dane County,
Wisconsin
Characteristics of Don's STE are given in Table 32,
The values reported are mean concentrations for seven
sampling periods. The STE samples were collected at the
system sump chambers. The data from sampling are listed in

Appendix B.6

Table 32.
STE Composition at the
pons Mobile Manor, Wisconsin

_Parameter Concentration (mg/L)
BODS 104.

TOC 86.54

TS 480.

TSS 33.

NH4-N 32.9

NO3-N < 0.05

NO2-N < 0.05

Ccl 29.0

The measured composition was similar to that reported by
other investigators (see Table 14.).

The average volume of STE pumped to the absorption
flelds was not tabulated during the study. The STE was
loaded to the single bed during the study.

The volatile organic compounds detected in STE
samples at Don's Mobile Manor, Wisconsin are presented in

Table 33.
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Table 33.
Concentration of Volatile Organic Compounds Detected
in STE at the Don's Mobile Manor, Wisconsin
(Concentrations = ppb)

Date of Sample Collection
O/ S8 366 K286 1618 118 318

Parameter

p-dichlorobenzene 2.2 - - - - - -
Toluene 13.0 U0 110.0 120.4 160.4 14040 1.0
tetzachloroethylese - 1.2 - - - - -
Chloroforn 2.5 - - - - - .

Coac. = ppb., * = detected but aet quantified, - = belov detection 1imit

Groundwater monitoring wells were not installed at

pon's Mobile manor.

Summary of Results

The overall occurrences of VOCs in STE from the six
sites examined is presented in Table 34. The table presents
the percent of samples in which a given VOC was detected
during this 12 month study. The total column represents the
average results from the 42 STE samples collected at the six
sites.

The maximum concentrations of VOC's detected at each

site are presented in table 35.
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Table 34.
Percent of the Samples in which VOCs Were detected in STE
samples at Six Small Community Sites in Wisconsin

w w n 4] 7” iz tetal

=l (LY I ) asl a=! sl sl
p-Dichlozebenzene 100 260 TV S SLIV I3 SASM
Toluene 100 5.0 100 100 M4 1 9
1,1,1-trichloreethane ' [ B TR "N
tetzachloroethylene ] ' ) "3 U3l W 11
Iylenes 5.7 J §1.1 14.3 ¢ ) 26.2
Ethylbeazene T S T | X S ' " TR
1,2-Dichloroethane R T (X A ' ' N
Chlozoforn e M3 M B0 [ TR
Benzene . ' TTE IR 1S W VI I TR
Carbon Disaltide ' R V% B ' ' 1.4

W=Uyeville, Ni=Naplevood, W=Vestboro, Ks=Kingston, Deas= Doa's Nobile Namor

Table 35.
Maximum STE Concentrations of VOCs for Seven Sample Periods
w n n ks k] Dous

P-Dichlorobeazeae I .6 130 .4 N .2
foluene 0.0 3.0 3.0 2000 760 160,
1,1,1-trichloroethane - - - 19.0 - -
fetrachloroethyleae - - - 1.2 1.4 1.2
Iylenes 15.0 - un. 1.1 - -
Bthylbenezeae (W] - 1.4 - - -
1,2-Dichloroethane - 1.6 - - -
Chlotofora 1.4 1.2 ) .1 - 1.5
Beazeae - .1 5.1 1.4 - -

Cathon Disulfide - - D L. - .
W=byeville, NV=Naplevoed, W=Vestboro, E8=Kingston, Dons= Doa's Mobile Mamor

Conc. = ppb, D-detected but not quantitied, - belov detection limit
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The overall occurrence of volatile .organic compounds in
septage from Kingston and Wyeville is presented in Table 36.
The central septic tank at each of these sites was sampled
three times. The total column represents the average
results from the 6 septage samples collected.
The maximum concentration of VOC's detected at each site
are presented in Table 37.
Table 36
Percentage of VOCs in Septage Samples

at two Small Community Sites in Wisconsin

mves ({14 Yotal
a=l =l a=d

P-Dichlorobeazene (] nNn 6
Tolueae 100 L] i
tettachloroethylene 1.3 ) 16.1
Iylenes 3.3 ' 16.7
Bthylbenezene 1.3 ) 16.1
Chlorofora 1.3 ) 16.7
Table 37.

Maximum Septage Concentrations
of VOCs for Three Sample Periods

wes Ksss
P-Dichlorobeazene (1] 4
Toluene 0 1600
fetrachlorecthylene 14 -
Iyleness {0 -
Bthylbenezene 1.4 -
Chlorefora 1.3

(Conc = ppb, - = below detection linit)
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The overall occurrence of volatile organic compounds in
groundwater from Kingston, Town of Scott, Maplewood and
Wyeville is presented in Table 38. The maximum concentration
of VoCs detected in groundwater is presented in Table 39.
Table 38

Percentage of VOCs in Groundwater Samples
at Four Small Community Sites in Wisconsin

w n {] 1 total
TS (R T (I o ¢ A U I R T {)

1,1,1-trichlorecthane ' ) ) 4] 6.7

Chlorofora 6.25 (] L] () 1.61

p-dichlorobenzene 6.25 ' ' (] 1.67
Table 39

Maximum Concentration of VOCs in
Groundwater Samples from Four Small Community
Systems in Wisconsin

wv MW KS TS

n=16 n=16 n=12 n=16

1,1,1-Trichloroethane - - - 2.8
Chloroform 1.4 - - -
P-dichlorobenzene 2.6 - - -

conc. = ppb, - = below detection limit
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DISCUSSION

The frequency of occurrence of 45 screened VOCs present
in STE from six small community soll absorption systems is
presented in Table 34. Ten VOCs were detected in STE samples
at some point during the lnvestlgatlon.‘ Eight of the ten
vocs detected are considered priority pollutants. Two of the
compounds, p-dichlorobenzene and toluene, were detected in at
least 50 percent of STE samples during the investigation.
Xylene was dgtected in 26.2 percent of the STE samples.
Toluene occurred at an average maximum concentration of 90.7
ug/L in the STE samples. P-dichlorobenzene occurred at an
average maximum concentration of 13.3 ug/L. Xylenes occurred
at an average maximum concentration of 7.8 ug/L.

Two sites, Kingston and Westboro, indicated the greatest
number of VOCs detected in STE samples. Kingston contained
seven VOCs and Westboro contained eight VOCs in STE samples.
The two sites had the largest service populations and the
largest design £flow rates. Kingston's design flow rate was
32,800 gpd and Westboro's design flow rate was 30,000 gpd.
The increased number of VOCs detected at both sites may be a
result of the larger commercial wastewater inputs from these
larger communities as compared to residential wastewater
input. Kingston was the largest community studied and had
the most commercial businesses of the six sites. The VOCs
present in Kingston STE may result from the commercial inputs

to the system which 1include two restaurants, a metal



92
fabricator, a woodworking shop and an automotive garage.
These businesses would have the potential for input of VOCs:
cleaning solvents and disinfectants at the restaurants,
varnishes and paint products from the woodworking shop, and
oil and hydrocarbons from the automotive garage.

The potential input of VOCs from commercial units in
Wwestboro was 1less diverse than that 1n Kingston. The most
notable businesses in Westboro were two service stations and
a tavern. The input of VOCs could be from hydrocarbons at
the service station and cleaning solvents at the tavern.
These businesses, however, were not notably different from
those found in some of the smaller communities. It was found
during the study that many of the private groundwater wells
in the community had been contaminated by a 1leaking
underground storage tank. The residents were still using
their water supplies for all household activitles except for
drinking water. It was not possible to test the individual
residental water supply wells during the study. However,
analyses which had been conducted on certain individual wells
by the Wisconsin Department of Natural Resources, showed that
‘xylene, benzene, ethyl benzene, toluene and 1,2-
dichloroethane were detected in the water supplies of several
residences at Westboro. The presence of VOCs in residental
water supplies could result in the presence of these
compounds in the STE at Westboro.

The results of STE analysis at the four smaller
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communities (Wyeville, Maplewood, Town of Scott and Don's
Mobile Manor) indicated that fewer VOCs were present as
compared to the larger sites. Wyeville had five VOCs present
while Maplewood and Don's Mobile Manor each had four VOCs
present. The Town of Scoﬁt had three VOCs present in STE
samples. The three community sites each serviced
approximately the same population with the Town of Scott
serving 170 residences, Maplewood serving 130 residences and
Wyeville 163 residences. The commercial inputs £from these
communities was similar. Don's serviced approximately 10
residences and had no commercial inputs. It - 1s interesting
that the VOCs detected in STE of the three small community
systems were similar to that of the mobile home park which
serviced only residential users. The predominant VOCs present
in these residential wastwaters are toluene and p-
dichlorobenzene.

The results of the analyses of STEs are similar to those
reported by Dewalle (1980) (Table 5) with toluene occurring
at the highest concentration. Toluene was found to be a
major common component of solvents used 1in paint products
(Ridgley 1982). . It was also found in other household
products including contact cements, detergents, paint brush
cleaners, degreasers and dandruff shahpoo (Hathaway 1980).
p-dichlorobenzene 1is a common component of tollet bowl
cleaners and deodorizers (Ridgley 1982). It was also found

in other household products including household cleaners,
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bathroom deodorants, tolilet bowl cleaner, spray household
deodorants, diaper cleaner, fabric dyes and rug cleaners
(Hathaway 1980). Xylene was found to be a component of
solvents used in paint products with 26% of xylene produced
being backblended into gasoline and 9% being used as solvent
(Ridgley 1982).

Certain VOoC's such as 1,1,1-trichloroethane,
tetrachloroethylene, ethylbenzene, 1,2-dichloroethane,
chloroform, and benzene were - detected in low concentrations
during periods of normal system discharge rates. These
compounds are found in household products. 1,1,1-
trichloroethane was found in drain and plpe cleaners,
degreasers deoderizers, and oven cleaners (Hathaway 1980).
It is also used 1Iin spray paint coating and paint remover
(Ridgley 1982). Tetrachloroethylene was found in degreasers,
wax removers and rug cleaners (Hathaway 1980). It is also
used in spray paint coating and paint strippers (Ridgley
1982). Ethylbenzene was found not to be used in household
products. 1,2-dichloroethane was found to be used in
gasoline to remove lead oxides (Ridgley 1982). Chlorform was
not found in any household products. Benzene was a
component of detergents, oven cleaners, tar removers,
solvents and thinners (Hathaway 1980). It is also used as a
constituent of gasoline (Ridgley 1982). The presence of
these chemicals in low concentrations in STE may indicate

that products contalning these compounds are used less



95
frequently in the home.

It is important to examine the system flows of Maplewood
and the Town of Scott when considering the concentration of
VOCs in STE samples. It should be noted that both sites
experienced high flow rates in March of 1986. This flow was
assumed‘to result from excessive clearwater inflow to the
systems. The clearwater was probably the result of the
spring snow melt during March of 1986. The average dally
flow for March 1986 at Maplewood was 599 g.p.c.d.. At Town
of Scott the average daily flcu was 79 g.p.c.d. during March
1986. These high discharge rates 1likely resulted in a
dilution of the measured VOCs to below analytical detection
limits in STE. The analytical results in March 1986
indicated that no VOCs were present above detection limits in
STE at Maplewood (Table 24). High flow rates were also seen
in October of 1986 and March of 1987 at Maplewood (Figure
22). The analytical results 1in both months indicated the
presence of only one VOC at low concentrations (Table 24). At
the Town of Scott during March 1986 only tetrachloroethylene
was detected at 2.0 ug/l in STE.

The freqdency of occurrence of 45 screened VOCs present
in septage from two small community central septic tanks is
presented in Table 36. Six VOCs were detected in septage
samples at some point during the investigation . Five of the
voCs detected were considered priority pollutants. Two of

the compounds, p-dichlorobenzene and toluene, were detected
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in at least 50 percent of septage samples. Toluene occurred
at an average maximum concentration of = 260 ug/L in septage
samples and p-dichlorobenzene occurred at an average maximum
concentration of 24.2 ug/L. The results of this abbreviated
septage sampling program (Tables 16 and 28) indicate that
concentrations of VOCs were similar to those detected in STE
samples with the exception of toluene which showed an order
of magnitude increase of concentration in septage over that
found in STE. These results indicate limited removal of VOCs
in the septic tank. Dewalle (1980) found similar results in
removal of VOCs in a septic tank (Table 5). The presence of
high concentrations of VOCs in septage samples (Table 6) was
seen by Ridgley (1982). Toluene was found in concentrations
similar to those of this study.

Other VOCs including tetrachloroethylene, xylenes,
ethylbenzene and chlorform were present 1in septage samples
but their frequency of detection was low. These compounds
were all found in STE and were detected at concentrations
similar to those seen in STE samples. The presence of these
chem;cals in low concentration in septage may indicate that
products contalning these compounds are used in lower
concentrations or are used less frequently in the home.

The results indicate that VOC's are present in the septage
from small community systems. It 1is assumed that the VOCs
present in the septage samples entered the wastewater stream

as a component of household products as those described in
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the discussion of STE. Concentration of VOCs in septage with
‘the exception of toluene did not exceed Preventive Action
Limits set for groundwater qguality standards by the WDNR. In
areas were septage 1is land disposed, only toluene has the
potential to exceed groundwater quality standards.

The results of monitoring for 45 volatile organic
compounds in groundwater from four small community systems
indicated the presence of 3 vocs (Table 38 and Table 39).
Groundwater samples from two sites, Kingston and Maplewood,
indicated that no VOCs were present during the period of
sampling. Both systems were older systems, the Kingston
system was 5 years old and the Maplewood system was 8 1/2
years old. The older systems may have a greater treatment
capacity for VOCs as the result of a more mature biological
systems below the absorption beds. It is also interesting to
note that both the systems are underlain by loamy sand at
Kingston and sandy loam at Maplewood. This indicates a
higher organic fraction which may produce increased
absorption of VOCs in the soil treatment zone.

The results of groundwater monitoring at the Town of
Scott ( Table 21) indicated the presence of one VOC. The
compound 1,1,1-trichloroethane was detected twice 1in
monitoring well 1 and |in monitoring well . 2. The
concentrations detected were below the Preventive Action
Limits set by the WDNR (Table 38). 1,1,1-trichloroethane was

not detected 1in STE samples during the investigation. It is
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suspected that the compound may be a result of solvent cement

used during the construction of the system.

Table 40.
Public Health Groundwater Quality Standards

(Wisconsin Department of Natural Resources 1985)

Public Health Groundwaier Quality Standasds

Presentive
Enforcement Standard Action Limst
(mscrograms per liter - (micrograms per liter -
Substance ezcept a8 noted) except as noled)
2;) Aldicarb ég 2
) +

Arsenic
(3) Bacteria, Total Coliform

5
Less than one in 100 ml for membrane fiter
method or not present in any 10 ml portion by
fermantation tube method for both preventive
action limit and enforcement stan

(4) Barium 1 milligram/liter (mg/l) .2 mg/l
(5) Benzene 687 .067
(7) Cadmium 10 1

(8) Carbofuren 650 10

(9) Chromium 50 5

(10) Cyanide 460 92

(11) 1,2-Dibromoethane 010 .001
12) 1.2-Dibromo-3-chloropropane (DBCP) .05 .005
(13) p-Dichlorobenzene 50 160

(14) 1,2-Dichloroethane .5 .05
(15) 1,1-Dichloroethylene . 024
(16) 2,4-Dichlorophenoxyacetic Acid 100 20

(17) Dinoseb 13 2.6
(18) Endrin 2 K
(19) Fluoride 2.2 mg/l 44 mg/l
(20) Lead 50

(21) Lindane .02 .002
(22) Mercury 2 2
(23) Methoxychlor 100 20

(24) Methylene Chloride 150 15

(25) Nitrate + Nitrite (as N) 10 mg/l 2 mg/l
(27) Selenium 10 1

(28) Silver 50 10

(29) Simazine 2.15 mg/} 43 mg/l
(30) Tetrachloroethylene ) 1 1
(31) Toluene 343 68.6
(32) Toxaphene .0007 .00007
(33) 1,1,1-Trichloroethane 200 40

(34) 1,1,2-Trichloroethane .6 .06
(35) Trichloroethylene 1.8 18
(36) 2.4,5-Trichlorophenoxypropionic Acid 10 2

(38) Vinyl Chloride 015 .0015
(39) Xylene 620 124

History: Cr. Register, September, 1985, No. 357, eff. 10-1-85.

NR 140.12 Public welfare related groundwater standards. The ground-
water quality standards for substances of public welfare concern are

listed in Table 2.

Note: For each substance of public welfare concern, the preventive action limit is 50% of the

established enforcement standard.

Register, October, 1985, No. 358
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The results of groundwater monitoring at Wyeville
indicated the presence of two VOCs (Table 29). The compounds
were chloroform and p-dichlorobenzene. Chloroform was
detected in WVMW2 (Figure 17) at a concentration of 1.4 ug/l.
P-dichlorobenzene was detected in WVMW2 at a concentration of
2.6 ug/l. Both of these compounds were detected in the STE
samples at Wyeville (Table 27). The average concetration of
p-dichlorobenzene during the study was 22 ug/L (Table 22).
Chloroform was detected in three STE samples at an overall
average concentration of 1.0 ug/l1 in STE samples. Based on
this abbreviated sampling program there is some indication
that there is minimal removal of chloroform in the soil zone
at wyeville. Concentrations seen in groundwater are similar
to those found in STE samples.

P-dichlorobenzene and 1,1,l1-trichloroethane are listed
as substances of public health concern by the Wisconsin
Department of Natural Resources (Table 38). Chloroform has
no public health groundwater quality standards set by the
WDNR. The preventive action limit set by the WDNR for p-
dichlorobezene is 150 ug/l. The concentrations at Wyeville
are significantly below this concentration. The preventive
action 1imit set by the WDNR for 1,1,1-trichlrorethane is 40
ug/1. The concentrations at the Town of Scott are
significantly below this concentration. Based on this study
voCcs do not appear to exceed groundwater quality standards

set by the WDNR for discharges from the communites using
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septic tank soil absorption systems.

Both the Wwyeville and Town of Scott systems are
underlain by predominantly sandy soils. This would indicate
that solls low in organic matter content are not as efficient
in the removal of VOC's as higher organic content solls (as
seen at Kingston and Maplewood). Both the Wyeville and Town
of Scott systems were relatively new systems with both going
into service during September of 1985. This could result in
limited development of the biological system in the soil
treatment zone. This result may indicate that VOCs were not
effectively removed in _systems that had recently been placed

into service.
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SUMMARY AND CONCLUSIONS

This study evaluated the presence of 45 screened VOCs in
STE, septage, and groundwater at communities using septic
tank soil absorption systems. Six communities serving
populations ranging from 10 to 346 persons and ranging in age
from 1l to 9 years were studied over a one year period. The

results of this study indicate that:

1. Ten VOCS occurred in STFR from small community soil
absorption systems, with toluene and p-dichlorobenzene

being found in the greatest frequency.

2. The concentration of VOCs 1in STE were below preventive
action limits set by the WDNR, with one exception,
toluene, which was detected at higher concentrations in

some samples.

3. The larger communities studied appeared to have more
VOCs present in STE, possibly the result of larger

commercial wastewater inputs as compared to domestic.

4. Septage samples generally showed no significant increase
in concentrations of VOCs over STE, the exception being
toluene, which was found at approximately an order of

magnitude greater concentration in septage .
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VOCs were detected in groundwater below sites underlain
by sandy soils and from sites that were relatively young

ln'age (Approximately 1 year old).

vocs that were detected in groundwater were found below

preventive action limits set by the WDNR.
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RECOMMENDATIONS

Evaluate the presence of priority pollutants other than
VOCs in wastewater from small communities using septic

tank soll absorption systems.

conduct column studies in a controlled laboratory to

assess the migration of VOCs in soll.

conduct a more intensive study of one of the larger
community sites to assess the chemical composition and

flow of commercial industrial wastewater.
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GROUNDWATER MONITIORING CONSTRUCTION LOGS
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r) PIPE DIA: 1D IN.

INSTALLED PROTECTOR PIPE W/LOCK?
PROTECTOR PIPE DIA. I,
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ILIN}, PUMPING, SURGING, COMPRESSED AIR

OTHER
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MILLER CONSULTING ENGINEERS
SHEBOYGAN, WISCONSIN

3

PROJECT: Town of Scott Monitoring Wells

JOB N0.8757 WELL NO.MW-1 DATE 7-24-85

~
GROUND EL. 909.27 TOP OF PIPE EL? 913.06

"

~
TOP OF PROTECTIVE CASING ELEV._913.22

TYPE OF WELL CASING: 15.79' of 2" Sch 40
threaded flush joint PVC pipe

LENGTH AND TYPE OF WELL SCREEN:_ 5'-2"

Sch 40 #10 slot thd. flush joint PVC

TYPE AND THICKNESS OF FILTER MATERIAL:
11' of silica sand (17-6)

TYPE OF BACKFILL MATERIAL: Silica sand

DISTANCE FROM GROUND SURFACE TO TO? OF
WELL: 3.79'

DISTANCE FROM GROUND SURFACE TO BOTIOM
OF WELL: 17' to Elevation 892.27

THICKNESS OF CONCRETE PLUG:_ 3.05'

THICKNESS OF BENTONITE SEAL: 6.0' from
Elevation 903.27 to 909.27

DISTANCE FILTER PACK EXTENDS ABOVE TOP
OF WELL SCREEN: 6.0'

PROTECTIVE DEVICES: 7'x 6~

DRILLING METHOD USED: 7-5/8" 0.D. hollow
stem augers

DRILLING MUD USED:_ None

TOTAL DEPTH TO BORING:_19.0'to E1.890.27

DEPTH TO GROUNDWATER: Elev.894.3,7-24-85

DEPTH TO TOP OF ROCK:_ Not obtained
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MILLER CONSULTING ENGINEERS

SHEBOYGQAN, WISCONSIN
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PROJECT: Town of Scott Monitoring Wells

JOB NO.8757  WELL NO.MW-2 DATE 7-24-85

R

s o -~
CROUND EL. 910.57 TOP OF PIPE EL. 913.92

e

<
TOP OF PROTECTIVE CASING ELEV. 913.92

TYPE OF WELL CASING: 15.81' of 2~ Sch 40
threaded flush joint PVC pipe

LENGTH AND TYPE OF WELL SCREEN: S5'of 2"
Sch 40 #10 slot thd. flush joint PVC

TYPE AND THICKNESS OF FILTER MATERIAL:
18.4' of silica sand (17-6)

TYPE OF BACKFILL MATERIAL: Silica sand

DISTAEEE—:RPH GROUND SURFACE TO TOP OF

5_35?-—__HELLP—2.31"

~ —
DISTANCE FROM GROUND SURFACE TO BOTTOM
OF WELL: 18' to Elevation B92.57

THICKNESS OF CONCRETE PLUG: 3.65'

THICKNESS OF BENTONITE SEAL: 4.6' from

"Elevation 905.97 to 910.57

DISTANCE FILTER PACK EXTENDS ABOVE TOP
OF WELL SCREEN:_8.4'

PROTECTIVE DEVICES: 7'x 6" steel casing
w/locking cap. Bottom Elev.=906.92

DRILLING METHOD USED: 7-5/8" 0.D. hollow
stem augers

DRILLING MUD USED:_Nome

TOTAL DEPTH TO BORING: 22.0"'to E1.888.57

DEPTH TO GROUNDWATER: Elev.892.1,7-24-85

DEPTH TO TOP OF ROCK:_ Not determined




OBSERVATION WELL INSTALLATION DATA

PROJECT: Town of Scott Monitoring Wells

JOB NO.8757 WELL NO.MW-3 DATE 7-24-85

GROUND EL.” 909.57 TOP OF PIPE EL. 912.53
W

TOP OF PROTECTIVE CASING ELEV. 912.75 *°

" TYPE OF WELL CASING: 17' of 2" Sch 40
threaded flush joint PVC pipe

TR

XXX NN NANN NN

' LENGTH AND TYPE OF WELL SCREEN: 5'of 2"
Sch 40 #10 slot thd. flush joint PVC

3 TYPE AND THICKNESS OF FILTER MATERIAL:
15' of silica sand

4 TYPE OF BACKFILL MATERIAL: Silica sand

o 5 DISTANCE FROM GROUND SURFACE TO TOP OF
WELL: 2.96'

DISTANCE FROM GROUND SURFACE TO BOTTOM
OF WELL: 19.04' to Elevatiom 890.53

Iy
5N

w 7 TBICKNESS OF CONCRETE PLUG: 3.82°

THICKNESS OF BENTONITE SEAL: 6.0' from
Elevation 903.57 to 909.57

\\“9 DISTANCE FILTER PACK EXTENDS ABOVE TOP
~ OF WELL SCREEN:_ 8.04'

S KX XA XX X X o XXX XX

it J XX XX XX K
@

a2y *
v e

- \_ 10 PROTECTIVE DEVICES: 7'x 6" steel casing
w/locking cap. Bottom Elev.=905.75

T

S UL

& 11 DRILLING METHOD USED:_7-5/8" 0.D. hollow
2 (:) \ stem augers

12 DRILLING MUD USED: None

~13 TOTAL DEPTH TO BORING:_ 21.0'to E1.888.57

o AR i
e = — 14 DEPTH TO GROUNDWATER: Elev.894.1,7-24-85

15 DEPTH TO TOP OF ROCK:_Not determined

MILLER CONSULTING ENGINEERS
: SHEBOYGAN, WISCONSIN



VELL SCREEN

‘e
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1) CASING DETAILS

A (ro.co A 0&/R

GROUND SURF.

L. 9064.0

A) TYPE OF PIPE:

EH‘C ;STA!HL!SS , TEFLON, OTHER

DEPTH FROM _
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I 4 PIPE SCHEDULE
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BACKFILL NATERIAL i c) was soLvent usen? C YES PR KO

. <

A ONITE
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£ I 0 D) TYPE OF VELL SCREEM:
@bs-rum.zss. TEFLON, OTHER
BORENOLE £) WELL SCAEEN SLOT BIZT _ e O\

DIA
b . r) PIPEL DIA: ID IN. 00 IN.

G) INSTALLED PROTECTOR PIPE W/LOCK! YES OR NO

H K3 raoTEcTOR PIPE DIA. L\ In.

1) VELL DEVELOPHENT

_"-.::\-‘J..'

BACKFILL METHOD :

PIPE IREHI!IIUG:I TREMIE
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CPELLETSY GRANULAR/POVDER

LEKGTH Or SOLID PIPE

A) HETHOD
HEs
('uu.mg PUMPING, SURGING, COMPRESSED AIR
SILICA SAND OTHER
rT. :
—_— (NOTE ADDITIONAL COMMENTS BELOV)
FILTER PACK
ETENTiE rT. 3) TIME SPENT FOR DEVELOPHENT? -] N
C) APPROXIHATE WATER VOLUNE:  REMOVED
g ADDED
=z
:i O q e D) WATER CLARITY BEPORE DEVELOPNENT?
LEV. . . .
BLEY ——-239—a 12,2212 crzan, (TURBIY, OPAQUE
SEAL MATERIAL -
, . £) WATER CLARITY AFTER DEVELOPMENT?
I
BT CLEAR, SLAGHTLY TURBID,URBID, OPAQUE
HATERIAL
r) ODOR? YES o@)
rT.
= 3) WATER LEVEL SUMMARY

A) DEPTH FROM TOP OF CASING AFTER DEVELOPHENT?
FT. OR DRY

B) OTHER HEASUREMENTS (T.0.C.

DATE/TIHE rT.
DATE/TIME FT.
DATE/TINE re.

ADDITIONAL COMHENTS:




STS Consultants Ltd.

A-8

FIELD WELL INSTALLATION DIAGRAM

END CAP WITH HOLE
ON STANDPIPE?

1)

TYPE OF PIPE?
GALVANIZED, STAINLESS, OTHER

YES ORNOD 2) TYPE OF PIPE JOINTS?
- BELLED, COUPLINGS, (THR OTHER
. A
, STANDPIPE 3) TYPE OF WELL SCREEN
20 STICK-UP ®VC) GALVANIZED, STAINLESS, OTHER
Y 4) SCREENSIZE Qo oo
A A
Z.OI‘t A e h 5) INSTALLED PROTECTOR PIPE WILOCK? (YES) OR NO
y 6) WAS SOLVENT USED? YES OR (NO
20| BENTONITE 7) WAS DRILLING MUD USED? /O
POWDER
¥ SOLID AUGER, HOLLOW STEM AUGER,
% WATERD REVERT, BENTONITE
“o" 8) DID STANDPIPE COME UP WHEN CASING WAS PULLED?
n BACKFILL YRS PR D ‘
> il e 9 HOW WAS WELL DEVELOPED?
S EIED PUMPING, SURGING, COMPRESSED AIR
S 10) TIME SPENT FOR WELL DEVELOPMENT?
e 5 5min., 15min., (G0 min,> OTHER
d |zz. ~
265’9 “ 11) APPROXIMATE WATER VOLUMEREMOVED'OR ADDED?
) |_ 2
e PIPE DIA. S5gal, J0galy 15gal, OTHER
@ Z__in. 12) WATER CLARITY BEFORE DEVELOPMENT?
H. 4O A
3 } seH. 2 CLEAR, (TURBIDD OPAQUE
O ==
=l 13) WATER CLARITY AFTER DEVELOPMENT?
& I - Towg E | CLEAR, (TURBIO> OPAQUE
_9"“5‘” ilaias: 54 - 14) DID THE WATER SMELL? YES OR
} emisioh e A 27 27 15 WATER LEVEL SUMMARY
y ]h L
. i B EEAVEL WELL ) DEETH I;HOI\::‘T.;TD:‘:GP!PE AFTER DEVELOPMENT?
i 20 CRETE SA| SCREEN |/O,0 ——™
| QNSITE SAND LENGTH ' 2) OTHER MEASUREMENTS:
4 3
T \\.\ DATE : Ft. FROM T, ST. PIPE
TERI BOTTOM CAP
.. .f%so . PHEHHOLES DATE : Ft. FROM T, ST. PIPE
]
QESOR NO DATE Ft. FROM T, ST. PIPE
DATE Ft. FROM T, ST. PIPE
Well No./MNwmw- | DATE INSTALLED_%-17-55 DRILLRIG__— =)
o]
DRILLER __E YV H DRILLCREW __ = =
JOB/CLIENT _MAPLE WoopD WELLS =~ STSJOBNo. _/4-4 =%

FW: 1-983



STS Consuitants Lid.

A-9

FIELD WELL INSTALLATION DIAGRAM

JOB/CLIENT _MAPLE WOOD WELLS ~  STSJOBNo. /

FW: 1-983

END CAP WITH HOLE |
T NDNPE BVC) GALVANIZED, STAINLESS, OTHER
YES ORNO 2) TYPE OF PIPE JOINTS?
— “ BELLED, COUPLINGS, (THREADED) OTHER
r 3
: STANDPIPE 3) TYPE OF WELL SCREEN
70 STICK-UP @VC) GALVANIZED, STAINLESS, OTHER
: Y 715,45 4 SCREENSIZE o T e
A A A
20 V,C,OE,OQ':}E, ETE 5) INSTALLED PROTECTOR PIPEWILOCK? (YE9) OR NO
1 8) WAS SOLVENT USED? YES OR
7 BESL%’S;E 7)  WAS DRILLING MUD USED? ».! =
v SOLID AUGER, (HOLLOW STEM AUGERD
1 WATER, REVE [ENTONITE
- § DID STANDPIPE COME UP WHEN CASING WAS PULLED?
3 BACKFILL YES OR‘NDD
> MATERIAL 9) HOW WAS WELL DEVELOPED?
2 —)—‘m vl BAILING, (PUMPING, SURGING, COMPRESSED AIR
-1 IR ' 10) TIME SPENT FOR WELL DEVELOPMENT?
-7 | g ' 5min.,, 15min, (30 miny) OTHER
o
o 1) gpp:aox:gmrle wgrET vo;::;a [ uon ADDED?
a a a : A
’ PIPE DIA. 9 9 ’
g c ___1"1 12) WATER CLARITY BEFORE DEVELOPMENT?
= Sn,*:vcm— CLEAR, OPAQUE
° allz 13) WATER CLARITY AFTER DEVELOPMENT?
)% N E CLEAR) TURBID, OPAQUE
i ‘”"“‘ ‘5 14) DID THE WATER SMELL? YES OR
. o ;« A4 4 B8& D5 15 WATER LEVEL SUMMARY
N JL A3 A ]
: oea craveL 1] weLL 1) DEPTH FFIOA; tTofE;n\n‘ompe AFTER DEVELOPMENT?
|2 | CONCRETESAND || [&f SCREEN ]0.0
. ONSITE SANDD | |4 LENGTH 2) OTHER MEASUREMENTS:
. Y Y ol |2 Y
. T \\,\ DATE , Ft.FROM T, ST. PIPE
TERI BOTTOM CAP
(RO ongﬁm NoT : DATE , Ft. FROM T, ST. PIPE
YES OR NO DATE , Ft. FROM T, ST. PIPE
Y DATE : Ft. FROM T, ST. PIPE
-ell No. MUL_Z_DATE INSTALLED__=—'=~-=  DRILLRIG = o
DRILLER - DRILL CREW : B,

As
[
)




N FI A-10
FIELD WELL INSTALLATION DIAGRAM
STS Consultants Ltd.

1) TYPE OF PIPE?
END CAR WITH HOLE @VC) GALVANIZED, STAINLESS, OTHER

ON STANDPIPE:
YES 0"’6 2) TYPE OF PIPE JOINTS?

BELLED, COUPLINGS, (THREADED, OTHER

3) TYPE OF WELL SCREEN
GALVANIZED, STAINLESS, OTHER

i STANDPIPE
) STICK-UP

Y 4 SCREENSIZE Qo0

A
24 :t CONCRETE ¢ 5 INSTALLED PROTECTOR PIPEWILOCK? (YES® OR NO
; 6 WAS SOLVENT USED? YES OR (NG
7 XN BESJV%%';E 7) WAS DRILLING MUD USED? b O
\ SOLID AUGER, CHOLLOW STEM AUGER)
1 WATER, REVERT, BENTONITE
8 DID STANDPIPE COME UP WHEN CASING WAS PULLED?
BACKFILL ves oR (O
LJORIEAL, 9) HOW WAS WELL DEVELOPED?

(BAILING, PUMPING, SURGING, COMPRESSED AIR

=1 -y

- -

: 10) TIME SPENT FOR WELL DEVELOPMENT?
.0 §min., 15min., OTHER

11) APPROXIMATE WATER VOLUME REMOVED OR ADDED?
PIPE DIA 5gal, 10gal, ({5galy) OTHER

- 12) WATER CLARITY BEFORE DEVELOPMENT?
SCH. ____ CLEAR, (TURBID) OPAQUE

Y IF PYC USEDl

= a7 13) CLARITY AFTER DEVELOPMENT?
TO CLEAR) TURBID, OPAQUE

P S 7
¥ (CBOSS OUT IF NOTUSED)

A

TIP OF WELL TO GROUND SURFACE

14) DID THE WATER SMELL? YES OR

Y ca TIE o [} 87 15) WATER LEVEL SUMMARY
A " 5
1 PeacraveL s WELL 1) DEPTH FHOB;{T;TD.;P;DFIPE AFTER DEVELOPMENT?
\2:72 1 €O ND |s SCREEN |10.0
QN-SITE SAND> n LENGTH 2) OTHER MEASUREMENTS:
Y Y .
DATE , Ft. FROMT,ST.PIPE  ~

A \
TE mM/ B8OTTOM CAP DATE

ICHO OUTA‘F NOT

Ft. FROM T, ST. PIPE

ES)OR NO DATE _ FL. FROM T, ST. PIPE

Y DATE i Ft. FROM T, ST. PIPE

Well No.MWMW - 5 DATE INSTALLED __4-'7-95  DRILLRIG___=v

~—
—

DRILLER _E\' - DRILLCREW __ ==
JOB/CLIENT _MADILE WwooD WELLDS  STSJOBNo. 1446

Fw: 1-983
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STS Consuitants Ltd.
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FIELD WELL INSTALLATION DIAGRAM

END CAP WITH HOLE
ON STANDPIPE®
YES ORQNO )

,| STANDPIPE
2.0 STICK-UP

Y

4_ .4 concreTE |
2,0 4 (GROSS oUT 1# NOT UseD)
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Appendix B.1

Kingston, Wisconsin STE data for seven sampling periods



DATE

T0TAL SOLIDS

| T0TAL VOLATILE SOLIDS
T0TAL SUSPENDED SOLIDS
VOLATILE SUSPREDED SOLIDS
TEMPERATURE (Celsius)
CONDUCTIVITY (umhos/cm)
pt

BIOCEBNICAL OXYGEN DEMAND
PURGABLE ORGANIC CARBON
TOTAL ORGANIC CARBON
CHLORIDE

ANNORIA-N

JITRATE -8

NITRITE -0

1001
m
51
kL)

)
1.3283
1.4
L)
1.9
1.3
154
5.9
€0.05

3/26/86  5/13/86 1/2/86

1% 1
1)) 906
1)} 5
N S

14 1

1.4083 1.6283

6.9 N
05 M
65
171,67 U1

153.4 A
4 0.9
(S U N L

B-1

(414 ¢4 ks Kse
$-24-06 10-19-86 1-14-87 3-16-07
i u 1019

91 13 164 15

3 N 51 1Y)

10 1 1 5
a2 150 9.5 1.0
1.0983 2,203 1.0583 1.90E3
(7 1A % [ B S ) S P &
L1 n 15 31
$.218 3,073 2679 0.6033
130.50 9194 15310 280.48
M6 W4 1923 6.5
5.4 W0 (1 7% B 1 %
L5 2 L e
0.03 0.4 002 00

(Conceatratioa = mg/L except as noted, Conductivity & 25 Celsius)



Appendix B.2

Town of Scott STE data for seven sampling perlods



738 7®t 7" " 733 58 78
DATE 324/86 S/16/86 /30786 8-19-86 10-4-86 1-5-81 3--01
T0TAL $OLIDS i) " 1 s 125 " 1221
TOTAL VOLATILE S0LIDS 562 55 43 0 i 1]
10TAL SUSPENDED $SOLIDS ) 56 U 13 k] " 6
VOLATILE SUSPBNDED S0LIDS 14 18 19 3 ' 1) 3
TENPERATURE (Celsius) 5 1.0 160 1.0 150 80 5.5
CONDUCYIVI?Y (umhos/cm)  .79583 1.36B3 52583 1.41B3 1.4983 1.2083 2.3083
i . 1L L 13 s LW .43
BIOCNENICAL OTYGEN DEMAND 30 1 106 13 3 o n
PURGABLE ORGANIC CARBON  0.186  0.230  0.5%0  0.116  0.398  0.010 0.6746
TO0TAL ORGANIC CARBOR 16,09 1338 1.1 6645 8.1 LY WM

CHLORIDS 00 100 B4 410 103 L s
ANNONIA- PR T Y97 SO T JC TR V1% SO £ X S 1 K B LN
NITRATE-L Q.05 0.0 0.00 005 002 000 0.3
RITRITE-H . . X S X TR A X

(Conceatration = mg/L except as noted, Conductivity ¢ 25 Celsius)



Appendix B.3

Maplewood, Wisconsin STE data for seven sampling perilods



m m m m m L L

- DATB J2U/86 5/16/86 6/30/86  8-13-06 10-4-06 1-6-81 3-20-87
TOTAL $OLIDS %19 0y 95 664 " 182
TOTAL VOLATILE SOLIDS i " {7 i 62 21
10TAL SUSPENDED SOLIDS 5 n " Q u {3 i
VOLATILE SUSPENDED SOLIDS 5 13 1 4 A 0. 15
TENPERATURE  (Celsius) { 150 160 s 15,0 5.0 5.0
CONDUCTIVITY (umhos/cm)  .605B3 1.4183 11,2283 1.6583 1.3283  0.99E3 1.6083
pB y 2T S 1S U R 1S U RS I SN % | B ) G Py [
BIOCHBMCIAL OXYGEN DEMAND 11 u 103 8 u I3 m
PURGABLE ORGANIC CARBON  0.019  0.624  0.701  0.044. 0311 0.3 .12
TOTAL ORGANIC CARBON 26.07 212,63 6130 .10 4.0 .M 6.M

CHLORIDS 808 MO0 1006 2503 1951 IT6 10T
ANNONIA-¥ ’.3 .0 N9 M 1M .3 0
TITRATE-N 0.05 000 000 007 09T e el
NITRITE-N - - - 0.05 0.4 0.1 0N

(Conceatration = mg/L except as moted, Conductivity & 25 Celsius)



Appendix B.4

Wyeville, Wisconsin STE data for seven sampling periods



m m m m m ™m m
DATR 3/25/86 S/15/86 6/29/86  8-23-06 10-11-86 1-13-87 3-11-8
T0TAL $OLIDS 11 o m Su 563 1)1 11
T07AL VOLATILE 50LIDS k11 62 kT (1 3 3 34
T0TAL SUSPENDED SOLIDS " 1) i " LH] " 13
VOLATILE SUSPENDED SOLIDS 60 2 12 n 0. 6. 3
TENPERATURE (Celsius) S 1.0 1.0 0 160 5.0 5.0
CONDUCTIVITY (wmhos/cm) 1.0583  1.1683 .64E3 6283  1.0583 1.2283 1.2283
pH .4 1.0 61 6 66 120 13
BIOLOGICAL OXTGEE DENAND 170.6  190.0 157.35 12075 1509  168.0 1%0.32
PURGABLE ORGANIC CARBON  0.533  0.492  0.703 0095 L209 0.1331  0.197
TOTAL ORGANIC CARBON 1327 11.67 6002 83,08 1240 25005 164.57
CHLORIDS 103.1 118,66 1161 8L L 10300 1.6
ANNONIA-H 50.63  60.04 22,55 3309 84331 L 665
FITRATE-B 0.7 0113 0.0 002 0017 0000 0.029
NITRITE-N - - - 0.044 0,052 006 0.037

(Conceatration = mg/L except as moted, Condactivity & 25 Celsius)



Appendix B.5

Westboro, Wisconsin STE data for seven sampling periods.



n n m m m ne m
) {4 3/25/06 5/15/86 6/29/86  §-23-06 10-11-86 1-13-07 3-11-81
T0TAL SOLIDS n 61 593 . Su 569 7 131
T07AL VOLATILE SOLIDS 6 1 06 40 n 33 365
T0TAL SUSPENDED SOLIDS 13 3 " k13 1) " b1
VOLAYILE SUSPENDED SOLIDS 6 ) 13 0 Q i "
TENPERATURE (Celsius) ! 1n.e 1.0 e 5.0 5.9
CONDUCTIVITY (ushos/ca)  .0183  1.0083 93B3  .ME3  1.3083  1.2183 1,483
pe S LR 1S U B B9 {1 .4 1.1 | 131 1M
BIOCEENICAL OXYGEN DEMAND 136 1 14 139 25 u. m
PURGABLE. ORGANIC CARBON  1.560  1.071  0.924  0.030  0.5802  0.465 0.3095
TOTAL ORGANIC CARBON 130.6 96,00 60,73 11050 72,22 222.2 130.80
CELORIDE 6.0 W3 My 0l 6.9 std4 03
ANNORIA-N 13.1 5.2 4.1 952 01 66 51.4
TITRATE-N ' 0.05 0.00 000 005 001 001 0O
NITRITE-N - - - 0.03 0.4 0.3 AN

(Conceatration = mg/L except as moted, Conductivity ¢ 2§ Celsius)
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Appendix B.6
Don's Mobile Manor, Wisconsin STE data for seven sample

periods.



B-6

DONS  DONS OIS DONS  DONS  DONS  DONS
DAt VMG S Y 8-20-06 10-19-06 1101 31607
YOTML SOL10S Ms sS4 s 1k s
fOTML VOLATILE SOLIDS 29 M5 3% M W 5
TOTAL SUSPBUDED SOLIDS 'H N 3 43 1] [}) n
VOLAYILE SUSPEMOBD SOLIDS 31 6 ¢ & 4 3 9
TPRATHE (Celss) 1 150 0 24 100 10 S
CONDUCYIVINY (vabos/ca)  .L4E3  0.GTE3 .MED  LME) LB MLMED 0.3
" 1 13 L 1 L e 1
BIOCKENICAL OXTGRN ORNAND 21 M 16 ML M. S
PURGADLE ORGANIC CARBOR 2,555 1051 L34 2990 2.99  L251  0.200
YOTML ORGANIC CARBOE 4309 0028 10400 110.50 909 WLAD  T046

CHLORIDE £ 7% S T8 B 15 I M I [ 1% 1% S N
ANNONIA-N 3.2 U1 N .7 . 3LS %.1
TITRATE-N 0.05 0,00 000 0,059 0024 0036 0012
NITRITE B - - - 0.4 0.0 001 0.0

(Conceatration = mg/L except as noted, Conductivity 0 25 Celslus) _

7 ¢ 0



Appendix C.1

Groundwater Data For Kingston, WI.



The composition of the groundwater in the vicinity of the
wastewater absorption beds was determined through sampling of 3
groundwater monitoring wells (Figure 9 and 10). Representative
groundwater surface contours near the system were depicted in
Figure 11. The general flow pattern was to the northeast, the
surface topography also sloped to the northeast of the site. The
water table surface varied approximately two feet during the
investigation (see Table Cl.1-2 for elevations).

The monitoring wells located closest (KSMW 2&3) to the
absorption beds revealed significant increases of measured
parameters in the groundwater relative to background levels
(KSMW1) (Table C.1-1). In particular samples from monitoring
wells 2 and 3 exhibited mean concentrations of total solids,
chlorides and conductivity comparable to the concentrations in
the applied STE. These concentrations of conservative parameters
indicated that the monitoring wells were installed so that the
samples were withdrawn within the effluent plume. The mean
ammonia concentration measured in well 2 was approximately 100
times greater than the background levels (KsSMW1). - The
concentration of nitrate in the viclinity of the beds was
approximately 5 to 10 times the background levels.

This data also indicates that the groundwater monitoring
wells 2 and 3 were installed so that samples from these wells

were representative of the water quality in the effluent plume.



Table C.1-1
Mean Concentrations of Conservative Parameters
Measured in Groundwater at Kingston, Wisconsin
1§11 1§17 wm
TOTAL SOLIDS 556 111 1106
T07AL VOLATILE $OLIDS )] 654 T}

CONDUCTIVITY (umhos/ca) 64583 15783 . 1.67B3

TOTAL ORGANIC CARBOX 5.704 1.469 12.120
CELORIDR 5.1 .0 .3
ANNORIA-N .11 .0 J
NIMmATE-§ .5 1.4 1.6
RITE-I .05 .05 <0.45

(Conceatration = ng/L except as noted, Conductivity @ 25 Celsius)
table C.1-2
Results of Gromadvater Noaitering

for Coaventional Parameters at Kingston, Wiscoasia

ESNV 1 KSMW 2 KSNW 3 KSMW 1 RSN 2 KSNW )
DATR 0-24-06 8-24-06  §-24-06 10-19-06 10-19-06 10-19-8¢
TOTAL SOLIDS 0 mn 1248 462 " 96
T0TAL VOLATILE SOLIDS 660 1} 39 ) H " 16
TRHPERATURE (Celsius) - - - 12.9 14.0 16.0
CONDUCTIVITY (wmhos/cm) .5483 14483 1.6583 0,693 1.5583 1.51B3
pl .13 1.06 .M (1) 6.9 6.u

TOTAL ORGANIC CARBON .67 12,71 5.9 060 3195 14,260

CHLORIDE 5.9 8.3 % 102 2.2 IS
ANNONIA-N 0.02 6.8 oM 06 1385 0K
NITRATE-§ i 1.0 (115 B B 1.6 A
TmITe-i (%) S N ) S N A N TR N [ B N [

VATER LEVEL-feet 19816 796.12  795.51 TOL.66  79.23  194.56



DATE

T0TAL SOLIDS

T0TAL VOLATILE $OLIDS
TENPERATURR (Celsias)
CONDUCTIVITY (umhos/cm)
M

TOTAL ORGABIC CARBON
CHLORIDE

ANMONIA-R

NITRATR-N

ITRITE-E

VATER LEVEL-feet

table C.1-2 (coatinued)

ISNV 1 ESNW2 KSNE3 KSNW 1 KSNW 2 KW 3
1-14-87 1-14-07 1-14-87 3-16-87 3-16-87 3-16-07
2. Mg, 1. $1 un 11}
32. 12§ " 306 19 150
1.4 .0 60 5.0 5.0 .0
0.6683 1.603 1.9183 0.6583 1.7083 1.6083

.13 116 L% .M LW 1M
NISs  1.215 LM 10521 L3195 L
3.0 151.0 204.2 3.6 Uil A6
0.0 . (K ]] .0 0.9 .40
.00 10,12 53.% .19 5.3 1.
001 01 M (N I B S N
197.67  195.73

195.10  797.45  795.3¢ 795.43

(Concentration = mg/L except as moted, Conductivity € 25 Celsius)

DATE

T0TAL SOLIDS

T0TAL VOLATILE 50LIDS
T0TAL SUSPEBNDED SOLIDS
VOLATILE SUSPENDED SOLIDS
TEMPERATURE  (Celslus)
CONDUCTIVITY (umhos/ca)
phl

BIOCEEMICAL OIYGEN DEMAND

table C.1-3
Results of Septage moaitoring for
Coaventional Parameters

10-19-86 1-14-87 3-16-81

1060 1994 w01
1 1
50 (LI
0 1m n
16.0 9.5 1.0

- 1.0083  1,9583

.2 &1 1.01

165 63 115



fable C.1-3 (coatinued)

107AL ORGANIC CARBON 1810 021,28 3540

CELORIDE
ANNONIA
NITRATR

InITS

252,69 192.34 316.10

95.489 64624 €270

024 Y 0

0.055  0.050  0.019
(Conceatration = mg/L except as noted, Conductivity & 25 Celsius)



Appendix C.2

Groundwater Data for the Town of Scott



c-5

The composition of the groundwater in the vicinity of

the wastewater absorption beds was determined through

sampling of 4 groundwater monitoring wells (Figure 12 and'

13). Representative groundwater surface contours near the
system were depicted in Figure 14. The general flow pattern
was to the southeast, the surface topography also sloped to
the southeast of the site. The groundwater surface also
indicated mounding in the vicinity of the absorption beds.
The water table surface varied approximately two feet during
the investigation (see Table C.2-2 for elevations).

The monitoring wells located closest (TSMW 1, 2 & 3) to
the absorption beds revealed significant increases of
‘measured parameters in the groundwater relative to background
levels (TSMW4) (Table C.2-1). In particular, samples from
monitoring wells 1, 2 and 3 exhibited mean concentrations ot
total solids, chloride and conductivity comparable to the
concentrations in the applied STE. These concentrations of
conservative parameters indicated that the monitoring wells
were installed so that the samples were withdrawn within the
effluent plume. The mean ammonia concentrations measured in
well 1 and 2 were approximately 100 times greater than the
background levels (TSMW4). The concentrations of nitrate in
the vicinity of the beds were approximately 50 to 100 times
the background levels.

This data also indicates that the groundwater monitoring
wells 2 and 3 were installed so that samples from these wells

were representative of the water quality in the effluent



plume.

. Table C.2-1
Mean Concentrations of Conservative Parameters

Measured in Groundwater

at Town of Scott, Wisconsin

1111 198002 15003 el [}
T0TAL SOLIDS 93 913 M 523
20TAL VOLATILE $OLIDS 656 m LE] 351
CONDUCTIVITI (umhos/cm) 1.4783 1.5m3  1.0983  0.7083
T0TAL ORGANIC CARBON (B} 1.3 1.9 (RK
caLonIDs i1 140 1.1 11.3
AMNONIA-E 31 34 <0.45 .05
NITRATE-H .51 11.53 12.05 2
§mRITE-N . 0.2 <0.05 €0.05
(Concentration = mg/L except as noted, Conductivity ¢ 25 Celsius)
fable C.2-1
Resalts of Gromadvater Noaitoring
for Conventional Parameters at Kiagstoa, Wiscoasia
PSNV 1 TSNU 2 TSNU D TSNV A4 YSNP1 YSNWQ YSNW 1 TSNV 4
DATE §-19-86 8-19-06 0-19-06 0-19-06 10-4-86 10-4-86  10-4-85 10-4-86
T07AL SOLIDS " 1} LKL 516 939 k) m 532
TOTAL VOLATILE SOLIDS 609 13 504 m 1L m 186 354
TEMPBRATURE (Celsius) - - - - 125 130 1.5 110
CONDUCTIVITY (vmhos/ca)  1.36E3 1.3083 1.0083 .7683 1.5083 1.5283 1.3083 6.908)
pe .43 197 1.9 1 6 6 6 6N
T0TAL ORGANIC CARBOM .90 1459 1024 1859 L3 4821 393 2.9
CALORIDE 103.5 993 1067 14 M 1352 112 110
ANNONIA-N 12.1 . 0.0 (N I Y % B B} 6.1
NITRATE-H 998 3.2 .93 0.3 2.3 LD 13.10 0.5
TITRITE-N 0.17 0.3 it "."n (9 U X B N 0.u
VATER LEVEL-feet 095.89  095.48 09482 094,91 896,75 09614 095.58 04



1 ¥

fable C.2-2 (continued)

TEV] TSNV TN MSNW 4 TSNE L YMN 2 YSNW I MSNVW {
Nt 1-5-07  1-5-81  1-5-07  1-5-81  3-20-87 3-20-81 3-20-81 3-20-01
T0TAL SOLIDS " m 11 508 1097 [ 1 103 531
07AL VOLATILE $0LIDS 551 16 n 36 15 ] 504 3
TRNPERATURE (Celsius) 11.0 i.e 1. 9.5 (N 5.0 1.4 1.5
CONDUCTIVITY (wshos/ca) 1.40B3 1.6583 0.74B3 0.54B3 1.6083 1.5283 1.2283 0.91B)
pl 6.92 6.8 1.2 6.% 6.4 6N 1.08 1.0
0TAL ORGANIC CARBON 3009 15,0195 0003 LST 10.007 10071 1969 1293

CELORIDE MY 8 S A1 2 I s M2
ANNONIA-§ | 0.8 031 2 L Y 13 . 0
NITRATE-H 15,55  1.26 0.4 081 2 A 1M LA
nmiee-i 0.2 030 000 000 2T e e Ll
VATER LEVEL-feet 094,99 094,60  894.62 89407 8901 09422 09417 993.51

(Concentration = mg/L except as
oted, Conductivity @ 25 Celsius)



Appendix C.3

Groundwater Data for Maplewood, WI



The composition of the groundwater in the vicinity of
the wastewater absorption beds was determined through
sampling of 4 groundwater monitoring wells (Figure 15 and
16). The general flow pattern was to the southeast, the
surface topography also sloped to the southeast of the site.
The water table surface varied approximately two feet during
the investigation (see Table C.3-2 for elevations).

The monitoring wells located closest (MWMW 2, 3 & 4) to
the absorption beds revealed significant increases of
measured parameters in the groundwater relative to background
levels (MWMWl1l) (Table C.3-1). In particular samples from
monitoring wells 2, 3 and 4 exhibited mean concentrations of
total solids, chlorides and conductivity comparable to the
concentrations in the applied STE. These concentrations of
conservafive parameters indicated that the monitoring wells
were installed so that the samples were withdrawn within the
effluent plume. The mean ammonia concentration measured in
well 2 was approximately 4 times greater than the background
levels (MWMW1). The concentrations of nitrate in the
vicinity of the beds were approximately 2 to 4 times the
background levels.

- This data also indicates that the groundwater monitoring
wells 2 and 3 were installed so that sample from these wells
were representative of the water quality in the effluent

plume.



Table C.3-1

Mean Concentrations of Conservative Parameters
Measured in Groundwater at Maplewood, Wisconsin

P0TAL S0LIDS

P0TAL VOLATILS $OLIDS
CONDUCTIVITY (unhos/ca)
10TAL ORGANIC CARBON
CHLORIDE

ANNONIA-N

RITRAYE-R

Tnimn-i

L) mm L L E
¥1] "0 1
1{H] 1 617
Jam 1w Lm
LN 5.619 116

11.4 1.0 160.0
.0 .10 0.02
n n.u 1.1

.0 .05 €0.45

i
"
1H
1.1883
§5.942
135.1
0.03
8.7
(.05

(Conceatration = mg/L except as noted, Conductivity @ 25 Celsius)

DATE

TOTAL SOLIDS

T0TAL VOLATILE SOLIDS
TENPERATURE (Celsius)
CONDUCTIVITY (wmhos/ca)
pl

TOTAL ORGANIC CARBON
CHLORIDE

ANNONIA-N

NITRATE-H

ITmRITE-1

VATER LBVEL-feet

fable C.3-2

Resalts of Groaadvater Menitoring
for Coaventlonal Parameters at Kingston, Wiscoasin

NUNU 1 NNV 2 NN 3 NP

MMVl NME 2 NONE )

LUK

f-lt-.‘ 8-10-06 8-10-06 8-10-06 10-4-86 10-4-86 10-4-86 10-4-86

I WS 662 wIss
0 mss AN s
- - - 1S
A0 6B LUE
.09 15 LEb 1SS
LS50 091 6551 4
10 1.3 1639 143
0.0 00 0 Ll
L6 0 16 10
061 0.0 00 0N
695.012 693,30 69422 69403

1) 556 “
1 193 195
10.0 L5 1
0.7283  1.0583 1.2983
% L R 0 B 9 |
3,063 3.560 12,000
122 uLr g
7 I P T N 1}
Lt e 4l
.00 008 004
6944y §93.21 693.92

"
m
1.0
1.5583
1.07
.53
U117
."n
nn
.0
695.34
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fable C2-2 (coatinued)

M1 M2 N WY WA N2 v 3
nr 68l 168 1601 1681 32081 32081 3-00-81 3-20-H1
YOTAL SOLIDS W% ST G2 L 1w
YT WOLITILE SOLIBS M2 61 651 s M W s SM
RTINS (Celsins) 0.0 80 80 00 B0 %0 K5 WS
CONDUCTIVITY (mmhos/ca)  0.6580 L.JTED  LEB 0.90B3 0630 L.GOED L3SE3  L.19m)
ol T T Y R R L R
YOTML ORGANIC CAIBON  2.0M 6259 2020 .53 LI LML LaMS 442

CHLORIDE 1.9 14 M5 1 s I 152 M
ANNONIA-§ 0.00 000 0 0 2 2 0 (N
NITRATR-N 9.60 22,60 104 254 626 3 LK 10N
N1 0.00 001 000 000 0 002 e e
VATER LBVEL-feet 60445 693,33 693.41  694.60  693.33 69T.00 69130 693.46

(Conceatration = mg/L except as noted, Conductivity ¢ 25 Celsius)



Appendix C.4
Groundwater Data for Wyeville, WI
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The composition of the groundwater in the vicinity of
the wastewater absorption beds was determined through
sampling of 4 groundwater monitoring wells (Figure 17 and
18). Representative groundwater surface contours near the
system were depicted in Figure 19. The general flow pattern
was to the north, the surface topography also sloped to the
north of the site. The. water table surface varled
approximately two feet during the investigation (see Table
C.4-2 for elevations).

The monitoring wells located closest (WVMW 2, 3 & 4) to
the absorption beds revealed significant 1increases of
measured parameters in the groundwater relative to background
levels (WVMW1) (Table C.4-1). In particular, samples from
monitoring wells 2, 3 and 4 exhibited mean concentrations of
total solids, chloride and conductivity comparable to the
concentrations in the applied STE. These concentrations of
conservative parameters indicated that the monitoring wells
were installed so that the samples were withdrawn within the
effluent plume. The mean ammonia concentration measured in
wells 2,3 and 4 was approximately 3 to 100 times greater than
the background levels (WVMW1). The concentration of nitrate
in the vicinity of the beds was significantly higher than
background levels.

This data also indicates that the groundwater monitoring
wells 2, 3 and 4 were installed so that samples from these
wells were representative of the water quality 1in the

effluent plume.
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Table C.4-1
Mean Concentrations of Conservative Parameters
Measured in Groundwater at Wyeville, Wisconsin
wieL. W i i
TOTAL SOLIDS m (1)1 (4]} (yi]
T0TAL VOLATILE $SOLIDS 116 1] il m

CONDUCTIVITY (umhos/ca) 06983 0.52183  0.58083 0.62083

07AL ORGANIC CARBON .34 12,036 6,251 6.9
CELORIDE 3.6 122.6 125.3 1169
ANNONIA-B (N} 0.12 1. 5.43
NITRATE-H €0.05 L1 16.51 UM
HRITE-N .45 .10 W .0

(Concentration = mg/L except as nmoted, Conductivity & 25 Celsius)
table C.4-1
Results of Groundvater Neaitoring

for Conventlonal Parameters at Wyeville, Wiscoasia

IVl W2 VI3 WWEd W]l W2 el v d
DATE §-23-86 8-23-06 8-23-06 8-23-06 10-11-86 10-11-86 10-11-86 10-11-0¢
T0TAL SOLIDS 3] 535 113 581 511 m Lk m
P07AL VOLATILE SOLIDS 165 s i 36 156 30 n 24
TENPERATURE (Celsius) - - - - 15.5 155 135 1%
CONDUCTIVITY (umhos/cm) .6083  .4883  .3883 L6683 007583 0.55083 0.6283 0.64EB3
pE 505 489 439 453 5.2 46 Al LD

T0TAL ORGANIC CARBOM 290 1015 1240 4231 2408 4035 S5.038  6.9%

CHLORIDE .0 101 1.6 1201 104 1385 MLY 1.2
ANNONIA-N 0.07 0.0 M 12 WK .07 w0 LY
NITRATE-H 005 1.5 w43 M 0l 1 1L 2.8
NImRITE-N 0.01 0.0 002 01 M 009 0 WM

UATER LEVEL-feet 909.81  909.42  909.35 909.50 912.35 910.15 909.67 910.39
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fable C.4-2 (coatinued)

MVl V2 T3 Wed Wmel w2 el e

urn 1-13-81 1-13-81 1-13-67 1-13-87 3-11-87 3-11-81 3-17-87 3-11-00
TOTAL SOLIDS 13 360 154 31 2 E1]] 153 51
1OTAL VOLATILE SOLIDS . 6. M 313 R 152 1l K]

TENPERATURR (Celsius) 5.5 i.0 6.0 1.0 4.5 1.0 1.0 6.0
CONDUCTIVITY (umhos/cam) 06583 0.54B3  0.66B3  0.5483  .075E3  0.53B3 0.66B3  0.678)
p 5.6 463 446 4 5.0 A6 A4S 66
T0TAL ORGANIC CARBON 1568 7,971 S48 0653 2,438 11,263 2439 45D

CHLORIDE 0.6 0.9 800 651 6.6 1610 1667 161.0
ANNONIA-B 0.00 026 103 629 1 0 2 1en
NITRATE-N 0.02 04 2508 645 o.M 3.2 1.4 2.1
NI 0.01 012 0. 003 e 13 e e
VATER LEVEL-feet 910.73 90090 909.37 908.73 01135 91015 908.33 9.8

(Conceatration = mg/L except as noted, Conductivity ¢ 25 Celsius)
Table C.4-3
Results of Septage monitoring for
Coaveational Parameters

Ww-gs  W-s8 W-§S
DATE 10-11-86 1-13-87 3-17-81
T0TAL $OLIDS 2570 3001 154
T0TAL VOLATILE S0LIDS 636. in 456
T0TAL SUSPENDED SOLIDS 3125 1470 U6s
VOLATILE SUSPENDED S0LIDS 365 130 290
TENPRRATURE (Celslus) 16.0 1.0 .0

CONDUCTIVI?Y (umhos/cm)  1.3583 1.983 2.1583



] 5.11
BIOLOGICAL OXYGEW DEEAND 1192

T0TAL ORGANIC CARBON 1000

CaLoRIDE m.
ANNORIA-B 112.9
NITRATR-N R N )}
NmITE-1 0.05

(Conceatration = nq/L except as moted, Conductivity @ 25 Celsius)

ftable C.1-3 (coatinued)

4.4
1500
1908.5
113.2
128.6

015

0.3

5.3
1360
1041.3
.2
114.9

0.0

0.2
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APPENDIX D
VOC DETECTION LIMITS FROM THLC WISCONSIN STATE LABORATORY

OF HYGENE



Department of Natural Resources

Munic'lpal Wastewater

VOLATILE ORGANIC — SOLIB-WASFE-PROGRAM

_ Form 4400-94 10-84 D-1
Bill To: O Hazardous Waste (O Non-Hazardous Waste (O Spill Program
Fadlitme Lic.cNo. _0 ___ ____ ____ _  Field No.
County County Code —_ . DNRPointIDNo. __ —
Collection Date: /| /| Time (24-Hour Clock): —_ —/—
D D Y X H H M M
Sample Location
Sample Description
Send Name
'Ili‘.e_port. O Monitoring Well (W) O Waste (B)
o e O Surface Water (W) 0 oi(o
O Private Well (W) O Sdil (S)
City, State, Zip Code O Wastewater (E) O Leachate (L)
O Lysimeter (W) O Other
Cuilected by Enforcement Split Sample
0O Yes O No O Yes O No
Telephone |
4 Received by
: Analysis Type (check (,~) one)
Detection Limits (ug/l) are .,c"b‘“" & [1 GC-MS Screening
indicated in brackets [ ] o oo g | O Follow-up of GC-MS Screening Sample Number (£ill in)
O 007 Acrolein{50] O o — O GC-MS Screening and Quantification
O 009 Acrylonitrile[20] B O et R IO
O 025 Benzene(1.0] = N = Mo‘;ﬁ@ ug/l
O 046 Bromobenzene[4.0] (m} m] o e__O183 cis-1,3-Dichloropropene{2.5] o [m] ——
O 051 Bromodichloromethane{1.5] 0 0 e e___ P18 trans-1,3-Dichloropropene[2.5] O a R | S—
O 053 Bromoform(5.0] o O __ _____e___ [0 233 Ethylbenzene[1.0] o o e W
O 055 Bromomethane[50] O m} P B =Y 1) Fluorotrichloromethane{1.0] O m} e e W
O 063 n-Butylacetate[0.5] o o o ___e___ [O 298 Isopropylbenzene{1.0] o 0o A =
O 071 Carbon Disulfide{5.0] () O — e 0 319 Methylethylketone (MEK)[12] O [m] —
O 073 Carbon Tetrachloride(1.5] o O o ___e___ [0 393 Styrene[2.0] o C I
O 083 Chlorobenzene(2.0] o O - e___ [ 398 1,1,1,2-Tetrachloroethane(3.0] O O SR —
O 087 Chloroethane(2.0) o o o e__ [0 397 1122Tetrachloroethane(3.0] O O  ———"*—
= 093 2-Chlorcethylviny! Ethar[4.0] O o o e___ IO 39 Tetrachloroethylene{1.0] [m] 0 —e
O 095 Chloroform{1.0] a (] ___ __ ___s___ O 401 Tetrahydrofuran (THF)[200] O 0 s s W
O 108 o-Chlorotoluene[1.0] B o o ___e___ [O 411 Toluene|l.0] o 0O oo O
O 110 p-Chlorotoluene{1.0] B B o ___e___ [0 421 1,1,1-Trichlorcethane{1.0] o DO e &
O 147 Dibromochloromethane(2.0] ] [} o s___ D423 1,1,2-Trichloroethanef1.5] O m} TR N
[not quantified] .
0O 148 1,2-Dibromeo-3-Chloropropane [ O o e___ D42 Trichloroethylene(1.0] (m] a SRR, IS
O 153 o-Dichlorobenzene[2.0] o) @) [ Trichlorotrifluoroethane{3.0] O a e
[not quantified]
O 155 m-Dichlorobenzene[2.0] O (m] o ___e___ D 434 Vinyl Chloride O (m| e e
O 157 p-Dichlorobenzene(2.0] o O o ___e___ D 437 Xylenes[2.0] o O et e
0 165 1,1-Dichloroethane(1.0] ] m] -, e___ B ] (] S o
O 167 1,2-Dichloroethane(1.0] o O Y __e__ @O R o 0O st s
O 169 1,1-Dichloroethylene{1.0] 8 O e v, {Comments
O 171 1,2-Dichloroethylene[1.0] O ] e e et e
[not quantified] Date Received
O 174 Dichloroiodomethane o 0o — ___*____ | andSample No.
O 181 1,2-Dichloropropanef1.0] 0 m] - % ____
Date Reported

R.H. Laessig, PhD, Director

Wisconsin State Laboratory
Madicnn Wiernnain RTTNA
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