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A geologic-hydrogeologic field study was made of Uni-
versity Bay on the University of Wiscbnsin, Madison campus

between November, 1972 to January, 1974. This study was

performed under the auspices of the University Bay Committee
for the purpose obtaining base line data on the geology,

groundwater quality of the University Bay and lands sur-

rounding the Bay. These data were gathered from literature

reviews and a detailed field analysis of the groundwater
and surficial geology of the Bay area. The groundwater/

surface water relationships in and around the Bay, and the

affects of road salting and municipal pumpage on ground-
water were determined. Areas which are not suited for con-
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or poor drainage, or thin soils over bedrock or a high water
table were delineated. Data and conclusions derived will
hopefully be useful to campus plahners in formulating_

management and rehabilitation alternatives for the Univer-

sity Bay and west campus area.
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Introduction

It is intended that this report be used as a tool for
both campus and city planners. Hopefully, knowledge gained
>,from this repoft will help those responsible in managing |
the campus.

University Bay and the contiguous land areas (Figure 1)
have provided the university community with recreational
and aesthetic benefits since the campus was first developed.
Presently these amenities are being seriously jeopardized
as a result of increased urbanization. Lake Mendota, as
well as other Madison area lakes, réflects this urban pres-
sure through increased sediment loads, increased nutrients,
and increased inputs of other noxious wastes.

Today, the complex relationships which contribute to
the degradation of lakes are better understood, and the
scientific and technical expertise is available to be used
in formulatiﬁg lake management programs. Such progfams
should aim at controlling and directing both natural and
man-made activities such that the amenities derived from

our watér resources can be sustained and expanded.

Purpose and Scope

Through the generosity of the UW Alumni Class of 1922
in their 50-year gift to the university, funds were sup-
plied with which to develop and maintain programs designed

to study the natural environment of University Bay and the
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| 3
surrounding lands. The University Bay Project was organized
ih 1971; under the auspices'of the Graduate School, as a
mission-oriented, multi-disciplinary effort to meet certain
objectives. Two objectives are to preserve and enhance the
environment of University Bay. A thirteen-member Advisory
Committee was selected. The Advisory Committee determined
that the first efforts of the project would have to be
directed at accﬁmulating an accurate and inclusive survey
of University Bay's natural condition. The geological and
hydrogeological parameters of the Bay area were essentially
unrecorded; therefore, these parameters were deemed to have
a high investigative priority.

Part of the information generated by this study is
useful to planners, who should now be better able to de-
lineate areas which would be unsuitable for the construction
of buildings. These areas may be unsuitable due to poor
soil conditions, soils having low bearing capacities, or a
high groundwater table. Also, the planner could use this
information in determining what effects certain activities
may have on the Bay and ultimately on Lake Mendota. These
activities may include construction, the disposal of wastes,
stockpiling of snow or.soil, the salting of roads, or land-
scaping.

A second part of the stﬁdy was concerned with a
survey of the Bay. Areas éf investigation included:
bathymetry (lake depth) analysis, soft sediment thickness,

and delineation of the delta. This information will be
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useful in future Bay rehabilitation activities. If dredging
or recontouring of parts of the Bay bottom are deemed an
essential part of the rehabilitation plan, then it is of
the utmost importance to determine how much sediment will
have to be moved. This part of the study will also be use-
ful in determining what areas of the Bay are experiencing
deposition of sediments and what areas are eroding.

In summary, the specific goals of this project were

the following:

1. Delineate soil thicknesses and areas where
bedrock may impede construction.

2. Delineation of the shallow groundwater system
‘contiguous to the Bay and to ascertain the
inter-relationships between surface water.

3. Determine depths to groundwater and areas
which may have construction problems due
_to a high water table.

4. Construct bathymetry and soft sediment
isopach maps of the Bay.

5. Determine what the present water quality is
and how road salting or other Bay area
activities may affect this quality.

6. Make a determination of groundwater gradients
related to the Bay; compute volume onground—
water outflow from the Bay and an assessment
of how Madison municipal water-supply pumpage

may influence the groundwater gradients.




Brief History of Bay Use

The first people to have a physical impact on the Uni-
versity Bay-Lake Mendota areas were the Indians. The pres-
ence of these early inhabitants is marked by ceremonial
mounds which are found around the lake perimeter. One such
mound is located between ﬁniversity Bay and the University
of Wisconsin Natatoriuﬁ. These mounds and other noncon-
spicuous artifacts are the only remains of the Indians.
These people did not have a detrimental effect on the Lake
or Bay.

The pristine conditions of the lake which the Indians

enjoyed was not to last forever. The coming of white

settlers was accompanied by the cutting of forested areas/

3

aind che (Llliing OL thie prairie reyion in the Lake Mendota
drainage basin to establish farms. The cutting of forests
and the plowing of ﬁhe prairie lands accelerated erosion
and increased the sediment loads flowing to the lake
(ﬁortleson & Lee, 1972); In 1847, a dam was constructed
where the Yahara River exited from Lake Mendota. This
action marked the beginning of what was to be a continuous
interference by man in the natural aging process of the
lake.

However, the manipulation of lake levels was only a
small part of man's past and present total impact on the

lake. Other significant actions which have adversely

affected the lake are: farming the highlands, developing

e ST N

sy o
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the lakeshore, draining the wetlands, and discharging wastes
info the lake.

One classical example of this type of impact has been
the development of the Hilldale area of Madison.‘ In 1948,
Willow Creek, a small stream which empties into University
Bay, was channelized and a storm sewer outfall was placed
at the head of the stream. This storm sewer system serv-
iceg the Hilldale area. During the mid 1950's and early
1960's, Hilldale's sewer drainage basin expanded in size
from less than three square miles to greater than six
square miles (Figure 2). Along with this expansion in area,
the density of’housingialso increased. To keep pace with

this expansion, the sewer service also broadened. This

yields to the sewers.

As previously stated, the discharge point for this
sewer system is eventually University Bay. The impacts of
urban ruﬁoff are substantial. Fertilizers used on lawns,
leaves, and grass clippings are swept into the Bay, thus
helping to make the waters fertile for aquatic weed and
algae grbwth (Born & Yanggen, 1972). Sediments washed off
of construction sites and deposited into the Bay are infil-
ling'the Bay and Lake; the result being that once deep,
clean waters are being converted into bogs at a greater
than normal rate. Other substances included in urban run-

off are: cigarette filters, gasoline, oils, greases,

plastics, paper, and a whole host of other noxious elements.




Figure 2. - B

WILLOW CREEK DRAINAGE AREA 7 .
- N

A
!
%
¢
]
T
.
é :
H

==== Major storm sewer route

Feeder storm sewer routes /

Picnic Po-int
" [} Drainage basin L

Shorewood Hills

University Ave

L.
B St

Midvale Blvd.

e an s

Scale; 1" = 2100'

(Source: City of Madison)

b Bty s a0 0 A € e et i i 2 4




8

The ultimate resuit of this urban input will be that our
lakes will become the recepticles 6f our affluent and care-
less society'é wastes.

Another adverse man-made impact on the lake has been
the development of the groundwater resource. In 1882, the
first groundwater pumping station was built to service the
City of Madison (Water Utility Records). Since that time,
23 wells have been constructed and an additional four are
proposed or are currently under construction (Figure 3).

Extensive groundwater pumping has resulted in a decline.
of groundwater levels; however, the wéter levels do recover
after pumping ceases. Because of communication between the
shallow and deep aquifers, this extensive groundwater with-

drawal has disrupted the normal fiow of springs on the
western end of Lake Mendota during operations.

Perhaps the most significant adverse impact brought on
by man is the'exponential rise in the influx of nutrients
to the lake (Frey, 1963).

The exact loading of nutrients to the lake by urban
sources or septic tanks or by farms cannot be ascertained;
however, an estimate computed from the studies of Sonzogni
and Lee, 1%72, would be 139,000 1bs./year of total
phosphorus and 1,251,000 lbs./Year of total nitrogen enter
Lake Mendota. '

While the City of Madison at no time expelled treated

sewage into Lake Mendota, until 1971 communities north of

Madison, such as Waunakee and DeForest, dumped their
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treated seWage info the Yahara River, a major inflow stream
tc Lake Mendota (personal communicétion, City Sanitation
Department). This treated sewage has supplied nutrients to
the lakes in such abundance that algae and other aquatic

weeds have grown prolifically.

Site Conditions

Location

University Bay is located within the city limits of

' Madison, Wisconsin (Township 7 North, Range 9 East, Sections
9, 15, and 16). The Bay is situated.approximately two miles
west of the state capitol building. The study area comprises
a region which extends from Babcock Drive dn the east to
University Bay Drive on the west and from Second Foint on

the north to University Avenue on the south, a total of

about 570 acres (Figure 4).

Climate

The climate of southern Wisconsin is continental in
nature. The mean January temperature for the period 1941~
1970 was 16.8°F, and the mean July temperature for the same
30-year period was 70.15F. The average mean temperature is
46.2°F (Cline, 1965).

The total annual precipitation averages about 31.2
inches (1940-1970) (Cline, 1965). There are generally

three to four inches of precipitation per month during May




Figure
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through September. During the study period between January 1,
1973, to January 1, 1974, the total precipitation was 42.73
inches (Figure 5). An average evaporation estimate for the
land surface for this same period was 16 inches. The lake

surfaces experienced about 29 inches of evaporation.
Topography and Drainage

The Yahara River Valley, in which Madison is located, has
an irregular topography which ranges from hilly to flat. This
topography is a direct result of continental glaciation which
ended about 12,000 years ago. The Yahafa River and its tribu-
taries drain glacial-drift soils. The eastern part of the
watershed has poor drainage due both to the clay soils and

L oS bt N e T ad
~Xeal T

exemplified by the many marshes and wetlands which are found.
in the areéa. The hills which are seen in the Yahara River
drainage basin are generally physiographic features left by
the glaciers. These hills are commonly drumlins (which are
teafdrop—shaped hills of unconsolidated material). Drainage
in this hilly region is good. Also bedrock ridges form many
hills in éhe basin.

The University Bay lands consist of a l4-acre marsh in a
central lowland surrounded by a ring of hills which rise about
70 feet on the south side and about 100 feet on the north side
above the lowland (Figure 6, in folder). As might be expect-
ed, drainage is good on the high areas but poor in the

marsh area. The water level in the marsh is artificially
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‘controlled by a pumping station which is situated near
Willow Drive. This pumphouse was installed in 1912 with a
_ manual pump for the purpose of keeping the lowlands drained
when this area was converted from marsh to farmland. The
present marsh was reinstated from this farmland in 1965.
There are three sources of inflow into the Bay from the
study area in addition to overland surface flow. One inflow
is an open ditch which is between the lanes of University
Bay Drive on the north side of the mérsh. This ditch flows
into the northwest corner of the Bay. Due to its small
drainage area and ephemeral charécter, the volume of water
and gquality of water contributed by this source was con-

sidered inconsequential. The drainage basin for this ditch
inaludes part of Pioniec Point and a nart of Fagle Heighte.
In terms of nutrients or other chemicals, this ditch
probably does not have a significanﬁ effect upon the lake.
A second point of discharge into the Bay is from the pump-
house which was built to control the marsh levels. This
drainage basin is entirely made up of the marsh and the
playing fields. Again, because of its intermittenf and low
flow (0.7% of inflow into Lake Mendota, Frey, 1963) detailed
studies of this outfall were not collected. It was felt
that the impacts of these two outfalls, whether in terms of
flow quantities, chemical loads, or sediment loads into the
Bay were so minor that they did not warrant detailed study.

The last major outfall to University Bay is Willow Creek.

Its impact on the Bay is considerable; as may be inferred




15

from the sizable delta which is being built up at the mouth
of the stream due to the incoming sediments.

According to Eid and Olsen (1950) the normal flow of
the stream was less than 0.25 cfs. However, due to the
storm sewer at the stream head, high flash fiows following
rains resulted. These flows ranged from 0.25 cfs to greater
than 5 cfs. As previodsly mentioned, in 1950 the drainage
area served by these storm sewers was less than three
square miles. With the expansion of the Hilldale area, it
is expected that these flows have increased in magnitude
both in volume and intensity above the 1950_flows. The
exact flow characteristics of this stream are being monitored
through a joint effort of the University Bay Project and the
United States Geological Survey. A wier and a gaging
station equipped with digital recording devices were instal-
led in the fall of 1973, and data cdllection began in the
spring of 1974. These data are not included in this report
due to the fact that they were unavailable during the

implementation of this project.
Lake Levels

Since 1847 when the first dam was constructed, Lake
Mendota's Water levels have been manipulated by man (Figure
7). As a general rule, in the winter the lake level is
dropped approximately one and one-half feet below summer
levels. This procedure accomplished two objectives: 1) it

allows for flood protection in the spiing; and 2) it prevents
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ice damage to docks and beaches in the winter.

| Ice generally covers the lake from mid-December to mid-
April. During the study period, the lake frozé the third
week of November in 1972, énd thawed by March 19, 1973, one

of the earliest documented times for this to occur.
Lake Circulation

Circulation patterns in Lake Mendota and in University
Bay have been studies extensively by Bryson and Ragotzkie
(1955). They established a line of observation points across
the mouth of University Bay at which they measured current
profiles at various times in order to determine the rate at

!

which the waters of University Bay were replaced by waters

Frrmm +Fha oot
LIRIL A YT

cE ¢ Mendota. They fouud that tie complete
replacement rate varies from less than one to several days.
They also found that University Bay was normally occupied
by a clockwise gyre, the rotation rate of which was nearly
constant and independent of the current velocity (Figure 8).
It was also observed that a high velocity jet extended
into the lake along the south side of Picnic Point. This
jet playé an important role in sediment distribution in the
Bay which will subsequently be discussed. The exact veloc—

ity of this jet varies considerably due to many circumstances

such as wind speed and direction.
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Surficial Geology and Soils

The surficial geology of University Bay is dominated

by glacial sediments and landforms. Buckley (1895), Bean

(1936), and Cline (1965) all addressed themselves to the

surficial geology of Dane County; however, only Buckley's
work addressed itself specifically to the Pleistocene
geology around Madison. The surficial geology of the area
is a result of deposition during the Woodfordian (Cary)

Substage of the Wisconsin Glacial Stage about 13,500 years

ago.,

The furthest advance of the glacier during this time
was to a point about eight miles west of the Bay. As the
glacier melted and the ice margin receded back to the north-
east, it formed the dominant glacial feature in the Bay area.
That feature is the Wingra Recessional Moraine. This

moraine constitutes the high area which wraps around the

lowlands (Figure 92). Based on surface exposures and auger
drilling around the VA Hospital this moraine was determined .
to be a kame* deposit Qf‘fluvial or stream origins in the
Bay area. The best surface exposures of this kame are near
the medical complex construction site.

It is of little importance to the planner, However, it
only the depositional history of the near surface is known.

The planner must know what type of buildings can or cannot

*AGI Definition: A short irregular ridge of gravel or sand
deposited in contact with glacier ice.
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be builtvon the soils found throughout the Bay area.

Scil scientists have classified the soils of the Bay
into fifteen categories; in soil terminology these cate-
gories are called types. These types are seen in Fig-
urele, The Soil Conservation Service soil survey inter-
pretations for the soils are found in Appendix A.

Instead of all of these classes, this study has con-
solidated all of the soils of the Bay area into four groups.
" This classification is based upoh depositional mechanisms
and lithology. These four groups are (Figure 11):

Stratified ice contact drift (kame)

Lacustrine deposits

Till

The stratified ice contact drift composes the kame
morainic deposits which constitute the uplands surrounding
the Bay.' When the glacier receded to the northeast and
east, it experienced a period of stagnation. During.this
period of stagnation the stratified moraine was deposited.
These sediments directly overlie the bedrock core, and. |
their thicknesses vary from zero to greater than 50 feet.
The thinnest areas are around the Forest Préducts Labora-
tory, and the thickest deposits are west of the Univer-
sity's recreation fields, The kame sediments are character—
ized by interbedded and interfinéered coarse sands and
gravels. Grain size analysis of selected samples was per-

formed in the Twenhofel Geological Laboratory and the
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Key to Figure 10
SOILS OF THE UNIVERSITY BAY REGION

COLOR : SOIL TYPE

McHenry Silt Loam
Nippersink -

Colwood Silt Loam

St., Charles Silt Loam
Kidder Loam

Houghton

Standing Water or Karsh
Kegonsa 9ilt Loam
Virgil Loam Gravel Substrate -
Arland Loam

weyland Loan

Robin Sandy Loam
Glacial ti1ll or Drift
Fox 311t Loam

I Batavia 511t Loam Gravelly
Substrate

Pox- Loan




University Bay

Figure 11, Soils of University Bay

Key

Stratified ice contact drift

- _ Lacustrine deposits Stream deposited
sands and gravels
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results aﬁpear in Appendix'B. Thicknesses of unconsolidated
sediments were determined from bofe holes drilled by Warzyn
Engineering Company or by myself.

Because these soils are predominantly silts, sands,
and gravels, and because they are distributed dnvthe uplands,
they are generally well~drained and well suited construction
foundations. Howéver, construction on hills of this mate-~
rial may result>in erosion and slope stability problems,

especially where an unsupported earth face 1is exposed.

After the glacier receded from the Bay area, the waters -

of Lake Mendota extended to the base of the moraine. During
this period of occupation, lake marls were deposited in the

area which is presently the marsh and playing fields. A

l.l-

elsen Tennis ZStadium

-z [ A S

r the northwest corner of N
revealed that these lake marls are about 50 feet thick. The
marly are gray colored silty clays of very low permeabili~
ties. These marls probably represent deeper water deposi-
tion. Because of their organic content and a high water
table, this location is unsuited for construction;

In addition to the 1acus£rine marls and silts, other
shalloQ~watef deposited sediments are found on the lower
fringes of the topographically high areas. These sediments
are characterized by sandy silts. Excavations for the new
medical center and boreholes.on the north side of the
marsh provided field evidence for these shallow-water

lacustrine deposits. Because of their moderate drainage

capacity, shallow slopes and suitability for foundations,
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thgse soils make acceptable building site locations. It
is important to remember though that only their physical
properties make them suitable for foundations. Possible
problems with the éreas in which these sediments are
located could be a high groundwater table or aesthetic and
land ownership characteristics that may prevent or retard
substantial development.

Areas to the south of the WARF building, east of the
Forest Products Laboratory, and west of the new heating
plant are underlain by glacial till overlying bedrock.
This till is approximately nine feet thick, and it is a
blend of sand, clay, and boulders. There is no stratifi-
cation or any orderly arrangement of the sediments. No
borings were taken to determine the characteristics of
these sediments, since excellent cross~sectional exposures
were provided in the trenches dug for steam line placement
to the new medical center.

The final group-of soils in the aforéméntioned class~
ification is the stream deposited sands and gravels. Soils
of this nature are found on Picnic Point and the area east
of Walnut Drive, Logs of boreholes, drilled either by
myself or by Warzyn Engineering, appear in Appendix A.

| Drill hole data was not sufficient in order to con-
struct an accurate isopach map. However, a generalized
map was drawn (Figure 12) which shows the thickness of the

unconsolidated sediments.
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Bedrock Geology and Geolbgic History

Knowledge of the bedrock geology of the University Bay
area may not appear to be essential to the éampus planner;
however, the bedrock does impose limitations on where and
how construction can be pursued. A case in point it the
topographic high referred to as Eagle Heights. Unconsol~
idated sediments at this location are approximately twenty
feet thick. Below these sediments is bedrock. Construc-
tion which would involve deep foundations may experience
unexpected higher costs in excavatidn for these foundations
if there is no knowledge of where the bedrock will be
encountered; however, the bedrock has excellent bearing
capacities,

The bedrock geology of the University Bay area consists
of Upper Cambrian sandstones and sandy dolomites (Figure 13).
Oven seven hundred feet of sedimentary units overlie the
pre~Cémbrian crystalline basement rocks.

To gain a perspective of the relation of these rocks
to each’other, Figure 14 is a geologic cross section of
the 1aké. The sedimentary rock units are inclined to the
southwest at a dip of fifteen feet to the mile.

The following are brief explanations of each forma-
tion béneath the study area, from crystalline basement
rocks to the surface,

The Mount Simon Formation, an upper Cambrian sandstone,
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unconformibly* overlies the pre-Cambrian récks.b It is
predominantly a well~cemented medium-~grained sandstone that
contains very fine to very coarse sand (Cline, 1965). The
City of Madison draws its municipal water supplies from
this formation.

Above the Mount Simon is the Eau Claire Sandstone
which is fine to medium~grained and dolomitic; this means
it contains the calcium-magnesium mineral, dolomite. This
formation is distinguished from the Mount Simon in that it
contains more fine-graned clasts and more dolomite.

The next unit overlying the Eau Claire Formation is
the Galesville Sandstone. It is predominantly a medium to
fine~graiﬁed sandstone that has an approximate thickness in
the Madison area of about 130 feet (Cline, 19A5). However,
pre~glacial erosion has removed much of this formation.

The preceding three formations do not crop out (exposed at
the surface) in the University Bay area{ however, the Gales-
ville in many areas is directly overlain by glacial till.

Above the Galesville is the Franconia Sandstone. This
rock unit forms much of the bedrock-surface in the Univer~
sity Bay area. Exposures of this formationlcan be seen at
the edge of the lake in two areas; one point is west of

Second Point and the other exposure is along the south

*Unconformity - AGI Definition: A surface of erosion or
nondeposition, usually the former, that separates younger
strata from older rocks, Unconformable means having the
relation of unconformity to the underlying rocks; not
succeealnq the underlying strata in 1mmed1ate order of age
and in pardllel position.
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shore of Picnic Point, The formation is divided into upper
and lower parfs on the basis of lithology. The upper parts
contain a high percentage of the green clay mineral,
glauconite. Cementation of the clasts on the very top few
feet of this unit is very poor due to pre—giacial erosion.,
The exposure of this formation west of Second Point along
the lake exemplifies this "green-sand" feature beautifully.
The lower part of the formation is a fine to coarse-grained
sandstone which is only locally dolomitic and glauconitic

(Cline, 1965}).

Pre and Post Glacial History

Before the arrival of the glaciers, the study area
topograpiiically resembled the region of southwest Wisconsin,
which is typified by V~shaped and steep~walled valleys.
Picnic Point was a bedrock ridge between the valleys of the
pre~glacial University Bay Creek and the prewglacial‘Middle—
tion River (Figure 15). From the top of Picnic Point to
the bottom of the pre~glacial University Bay Creek Valley
was a drop of almost 250 feet. |

During the last stage of continental glaciation,
referred to as the Wisconsin Stage, the ice advanced into
the Madison area from the northeast. As the glacier moved
forward, bedrock material was inqorporated into the ice.
This advance halted near the present community of Cross
Plains. The material incorporated into the glacier was

deposited at the front as the glacier melted. The hill
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which was formed from this material is referred to as the
Johnstown terminal moraine¥*.

As the world-wide temperature increased, the contin~
ental glaciers melted and retreated. The retreat of the
glaciers was not uniform in time, but rather it was an
interrupted series of pauses. Accompanying these halts,
unconsolidated material was deposited in ridges from the
melting glaciers. These ridges are called recessional
moraines. Two recessional moraines directly east of the
Johnstown terminal moraine are called’the Milton and Wingra

recessional moraines (Figure 9).

5

.

e

As the jice moved out of the University Bay, S

believed that melt water was trapped between the retreating
ice and the Winagra moraine, This water probably exited
from the Bay in a southeast and northeast direction,
Sediments deposited by these streams are found on Picnic
Point on the north side of the Bay between Walnut Drive
and Observatory Hill., A physical description of theée
sediments can be found in the Surficial Geology section.
After fhe glaciers had retreated completely from fhé
area, the entire landscape was drasticélly altered from
that before the arrival of the glacier. Within the study
.area, the affects of tﬁe glacier are pronounced. The

valleys of the pre-~glacial streams were filled with 150 to

*AGI Definition: Drift, deposited chiefly by direct
glacial action, and having constructional topography inde-
pendent of control by the surface on which the drift lies.
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200 feet of glacial till, and the bedrock ridge of Picnic
Point was leveled and covered with a thin layer of glacial
deposits. The result of the glacier was that the general
topography was changed from deep valleys and sharp ridges,
which are characteristic of the driftless area west of
Madison today, to a rolling topography.

The post glacial drainage was characterized by numer-
ous swamps and lakes. In fact, the Madison lakes themselves
are due to the blockage of stream valleys by glacial drift.
Originally, Lake Mendota occupied a moré extensive area

than it does today, University Bay was also larger.
Lake Aging
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it is bound to die. Due to wave erosion of the shoreline,
sediment influx by inflowing streams, and in-lake biological
activity, sediments were deposited in the lake. This
sedimentation gradually infills the lake. This sequence of
lake aging can be exemplified in University Bay. At the
start, the Bay extended to the base of the present Shore~-
wood Hills. Erosion of the hills and deposition in the

Bay gradually decreased its depth. As the water depths
became shallower more aquatic vegetation appeared. When
this vegetation dies, the remains were added to the
sediments on the bottom of the Bay. This organic sedimen-

tation drastically accelerated the infilling process of the

Bay. The result of all of these processes has. been that
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the lake and Bay are decreasing in size due to the conver-

sion of lake to land.
Physical Aspects of University Bay

By field measurements, it was determined that Univer-
sity Bay is approximately 3,400 feet long from west to
east, and 2,500 feet from north to'sauth. It has a maximum
depth of 50 feet and the average depth is about 15 feet.

Bathmetry studies were preformed in the winter and
summer of 1973. 1In the winter, holes were drilled through
the ice and a secchi disk was dropped until it settled on
the bottom. The depths of water were read from a calibrated
rope'attaéhed to the disk, It is unknown how much compac-
tion of the sediments took place under the weight of the
disk; however, it is feit that such accuracy was unwarranted
in this study. The bathymetry study could not be completed
in the wintef months, so it was finishéd in late July and
early August. It was discovered though that performing.
the study from a boat was much more tedious than working on .
ice. Difficulties were encounteredlin surveying the loca-
tion of the sample point due to the instability of the boat.

In spite of these difficulties, seventy-~five sampling
points wefe made at random in‘the lake. Also, a detailed
study of the delta at the mouth of Willow Creek was conducted
in August of 1973.

The procedure followed in making the delta study

involved setting up a grid system over the delta area and
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a sample wés taken at each node of the grid. Seventy-three
sample'poihts were made of the areé;

Bathymetry maps of both the Bay and the delta appear
in Figures 16 and 17. The Department of Civil and Environ-
mental Engineering in the spring of 1973 performed a bathy-
metric study of the Bay by means of a sounder, a more
sophisticated model of the popular fish sounder (Figure 18,
in folder). These maps agree closely. Both show that on
the north side of the Bay there is a narrow shallow water
shelf and then a very sharp, narrow drop off into the deeper
parts of the Bay. On the south side this is generally not
the case. Instead there is a gentle slope from the shallow

waters into the deeper waters. West of the sand bar both

Because of £he Bay's and lake's depth, thermal strat-
ification does occur. This stratification is well devéloped
by early summer and when this occurs, the lower stratified
section of the lake, called the hypolimnion, is soon
depleted of its oxygen. The thermocline, that section of
the lakg in which temperatures rapidly change, generally
develops at a depth of 20 to 25 feet. By the time the
autumnal overturn occurs, the thermocline is suppressed to

a depth of 45 feet (Murray, 1956).
Sediments of the Bay

There are three dominant sediment distribution areas

in the Bay (Figure 19). The first area is located west of




Figufe 16. Bathymetry map of Bay

‘Lake Mendota elevation
849.4' (above MSL)

Note: 11 measurements are in meters




Figure 17. Bathymetry map of
delta area

Lake level on day of sampling = 849.45 feet
above mean sea level

Note: All measurements are
in centimeters




Figure 19. Soft sediment isopach
map of Bay

Note: all measurements are in centimeters .
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the sand bar. As one apprqaches the sand bar from the west,
the sediments, of course, become ﬁore sandy; however, the
general characteristics of these sediments are that they
have a high organic or peat content. From the one core
that I did manage to obtain in this area, lake marls were
covered by 40 centimeters of peat,

The second area of distinct sediment deposition is the
sand bar and deita-complex. This area is made up of fine
to medium;grained sands. These sands grade gradually into
the peats to the west, and into the deeper water sediments
to the east.

The deeper water sediment class covers more area in
the Bay. These sediments are generally found in water
20 feet in deprth, and they are typified by
black sludge, orhgyttja, overlying a buff or gray colored
marl, This black sludge ranges from 0 to 14 inches, énd
much of it is a floculand of colloidal sized particles.

In the sludge layer, biological activity is very profuse;
many worms and calcareous shells were observed. Below

this gyttja is the buff or gray marl. According to
Twenhofel (1935), Hansen (1952) and Murray (1956), the
interface between the marl and sludge is a knife sharp
contact; on the other hand, Bortleson and Lee (1972) contend
that there is rather a graduél transition between the marl
and the sludge. The latter believe that this knife sharp
contact reported earlier may be due in part to the sampling

methods, rather than what really occurs in nature. In my
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sampling I observed a gradual transition.

Origins of the sludge and marl have been sources of
controversy through time. Twenhofel (1933) theorized that
the marl was the diagenetic result of the sludge., He
envisioned an almost total destruction of the organic
matter in the sludge to form the marl. Hanson {1952) also
made observations on the sediments of Lake Mendota, espe-
cially in University Bay. Hanson concurred with Twenhofel
that the marl was formed from the gyttja; however, he
believed that there was not total destruction of the
organic matter., In 1956, Murray contended that gyttja was
a separate and distinct sedimentary unit overlying £he marl.
He based his conclusions on the fact that he found the
gyitlja vverliying nui ovnly the iwarl but also other units as
well, such as sands and clays. Bortleson and Lee (1972) as
stated before, did not see this knife sharp break between
the marl and gytjja; instead they identified four units in
their deep core samples. Their Zone I was buff marl which
occupied the bottom 22c¢, of a 100 cm. core. By pollen
analysis, they determined that this zone was laid down
prior to any majbr disturbance by white settlers in the
Lake Mendota drainage basin. The sediments of Zone II |
consisted of gray colored gyttja-marl, and this unit
represents the transition zone bgtween the buff marl and
black gyttja. They concluded that this 30 cm. unit was
deposited during the time period of 1820 to 1880. The

next 30 to 35 cm. of sediment, Zone III, is a black gyttja
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which represents rapid expansion of agriculture in the basin
between 1880 and 1940. Zone IV, the top 15 cm. of sediment,
is also a black gyttja and it was deposited, according to
the authors, from 1940 to the present. This gyttja is
different from Zone IV in that the concentrations of
phosphorous and nitrogen drastically increase. The authors
referred to this time period as the "Detergent Era". They
concluded that the marls and sludge represented different
depositional units, but that these units graded into each
other.

An area of coarse sand, gravel, and boulders was
encountered on the north side of the Bay immediately
adjacent to Picnic Point. It is believed that the coarse
ciasts were eroded from the glacial arift capping ricnic
Point by wave action. The reason few fine sediments were
encountered is due to the fact that'the bottom is swept
clean by the jetting current which occurs along Picnic
Point. West of the sand bar these coarse sediments are
also encountered, but they are accompanied by organic

sediments and fine sands and clays.'
Sedimentation Rates and Sediment Thicknesses

Bortleson and Lee (1972)Aobtained sedimentation rates
for two of their cores, one of these cores was taken from
University Bay (Figure 20). They calculated a mean sedi-
mentation rate of 5.6 millimeters per year for the last

100 years in the black gyttja zones.




- Figure 20. Location of core taken
by Bortleson & Lee -
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An attempt was made to determine the sediﬁentation
rates of the delta by means of a core, but this attempt was
not successful, However, from an investigation of aerial
photographs of the Bay, it is my opinion that the bulk of
the delta has formed since Wiliow Creek was channelized and
connected with storm sewer drainage in 1948.

Soft sediment thickness studies were also conducted by
myself in conjunction with the bathymetric study. After
the depth of water was measured a 1/2 inch I.D. (inside
diameter) pipe was pushed into the sediments until hard
resistance was encountered. This usually occurred when the
probing rod encountered sand or highly éompacted marl. The

depth of penetration of the rod was recorded and soft

[
(Xe¢)

sediment lsopach maps were drawn from the data (Figqures
and 21). It was found that probing by this method was
limited to water depths of 15 feet because of depths
greater than this the probing rods would bend considerably
when pressure was exerted on them. As it can be seen from
Fiéure 19, the area west of the sand bar has a thick

sequence of soft, highly organic sediments.
Physical and Chemical Analysis of Cores

Chemical and physical analyses were performed on the
tip 20 cm. of a core which was taken west of the sand bar
and on another core which was taken in deeper water east of
the sand bar. The chemical analysis was performed by the

Scil and Plant Analysis Laboratory and the results appear




Figure 21. .Soft sediment isopach
‘ map of delta area

. Note: All measurements
are in centimeters

%
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in Appendix C. According to Dr. James O, Peterson, water
chemist, the chemical composition of these cores is not
radically different than other bottom sediments taken from
eutrophic lakes in Wisconsin. Since only two cores were
taken and due to collecting methods, conclusions concerning
the true chemical character of the bottom sediments of
-University Bay cannot be made using this data. If further
informatign is needed, the reader is referred to the
Bortlescon and Lee 1972 article.

The permeabilities* of both cores were determined by
a "Soil Test" permeameter. The bottom 14 centimeters of a
34 centimeter core taken west of the sand bar was extruded
and placea into the permeameter. Two test runs were made
on the core and an average permeabllity ror the two runs
was 13,9 gallons/day/ftz, a low value and one charactgr—
istic of clays to silty clays. The'material being tested
was a peaty, organic silt; therefore, it is expected to
have a very low permeability. It should be noted that
this permeability is for a sample that has been removed
from its natural surroundings and thus it may not reflect
the true permeability of the material. The value may be
higher or lower at the true permeability depending on
testing techniques, |

A core was taken west of the sand bar. The silty

clay material was tested for permeability in a fashion

*Permeability is a measure of the ability of a rock or
soil to transmit water,
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similar to the aforementioned procedures. For this silty
clay material an average permeability of two runs was 0.17
gallons/day/ftz. This very low permeability indicates that
these sediments are acting as retarding strata for ground-
water movement both into and out of the lake. No core was
taken on the sand bar because I did not have the equipment

necessary to obtain a-core in sands.

Methodology

The last portion of the project consisted of a detailed
examination of the groundwater flow systems around the Uni-
versity Bay. In order to gain adequate groundwater eleva~-
tion and chemical data, a system of 36 observation wells,
or piezometers, including three "nests"*, were incorporated
into the project area (Figure 22). Five of the wells were
installed by the United States Geological Survey for the
purpose of studying water quality around the University
feed lots. These wells consisted of 1 1/4-inch diameter
black steel casing with 18-inch long sand points at the
lower end. Two piezometers were installed by the Highway
Soils Laboratory for studying groundwater in the medical

complex construction site. The remaining 29 piezometers

*A "nest" is a group of closely spaced observation wells,
each one of which is at a different depth. With informa-
tion obtained from a "nest" the hydrogeologist can tell if
groundwater has an upward or downward component to its flow.
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Figure 22. Location of observation wells
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were installed by myself using 1 1/4~inch galvanized steel
casing and an 18-~inch screened well point. These last
wells were installed either by drilling a hole with a
rotary auger and then inserting the casing and well point
into the augered hole, or by manually drivihg-the point
into the ground by means of an 85 pound hammer.

In the beginning ‘of the study bimonthly well potentials
were measured, but then these measurements wére conducted
on a monthly basis from September 1973 to January 1974
because water level trends had been established. Water
samples for water quality were collected on a random basis
and as trends were seen in certain areas, the numbef of
wells sampled was expanded. All of these samples were

b 4 - P R T i
collected by means cf bail ng is5 a technigue of
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water samples by which a closed-end tube is inserted into
the well and loweréd past the water level in the well by a
rope.

A suite of chemical constituents were tested on the
well water samples by the University of Wisconsin Soils
and Plant Analysis Laboratory. Random samples were also
taken from Willow Creek and these were tested for the same
suite of chemicals as the observation wells. The results
of these tests will be discussed later.

Permeabilities for the unconsolidated sediments were
obtained from permeameter tests and pump tests. The
permeaneter tests were conducted in the University of

Wisconsin Department of Geology and Geophysics Twenhofel
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Laboratory by various students (Appendix D), The sediments
used in the permeameter tests were well cuttings collected

from a four~inch diameter auger drill.
General Theory and Considerations of Groundwater Flow

The following is a brief discugsion of the general
concepts which are used by hydrogeologists. It is believed
necessary to present this information so that a total per-
ception aﬂd evaluation of the conclusions concerning the

Bay's hydrogeology can be made.
Saturated Fiow

Groundwater is that part of subsurface water which
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that portion of the rock or soil column in which all of
the pore spaces are coﬁpletely filled by water. The ﬁpper
boundary of this zone of saturation is generally defined
as being the water table. The lower boundary is the zone
of plasticity or where rock flowage occurs. Precipitation
is the sole source for groundwater. Not all precipitation
reaches the groundwater table, some evaporates, some falls
on surface water, some runs off the land surface as over-
land flow, and the rest is transpired by plants.

Once water reaches the water table by means of perco-
lation it becomes part of the basic groundwater flow system.
This flow system was ideally modelled by Hubbert (1940),

His theory presented movement of water under the influence




of gravity from areas of high elevation (recharge) to areas
of lower elevation (discharge) (Figure 23). The flow path
and velocity of groundwater are subject to other influences
such as local topography, geology, water quality variations
(density), temperature, and the horizontal ahd vertical
dimensions of the flow system.
The basic rule of ‘groundwater flow is described by
Darcy's Law:
Q = KiAa (1)
Where  Q = discharge (gallons/day)
K = hydraulic conductivity (gallons/day/ftz)

i = hydraulic gradient (ft/ft)

A cross—-sectional area (feetz)

o a similar manner, the velocity of groundwaler move-—
ment may be calculated by:
V = Ki/7.48 N, (2)

7.48 = number of gallons per cubic foot of
Where water, a conversion factor

V = velocity of water flow (feet/day)
N

= effective porosity of the sediments
(percentage)

e
Permeabilities for the land sediments ranged from less
than 0.4 to 868 gpd/ft27 The lowest permeabilities were
obtained from the lake marls found in the‘marsh—playing
fields area, and the sands on the south side of the Bay had
the highest. It was found that not only did the permeabili-
ties vary widely between different lithologies, but they

~also had a wide range within the same unit. It should be




. 7 vEcenD

: /?‘ wATER TABLE

POTENTIAL LINE

/ﬁ PLOW LINE

REGIONAL
‘DISCHARGS,
. AREA

CVAPORATION

By

53

. ot .+ REGIONAL RECHARGE DIVIDE
K i ic Divide)
LOCAL {Mdin Topographic
Riggéﬁss INPILTRATION
INFILTRATICN

SATURATED FLOW

FPigure 23,

Idealized local and regional groundwater
flow systems, homogeneous conditions
(after Born & Stephenson, 1969).




54 .

noted that since some of the permeabilities were obtained
in laboratory aéparatus the éamples were disturbed, thus
the values obtained probably will not be the same as those
found insitu. These laboratory values may be higher or
lower than true field values. |

Groundwater moves under the influence of gravity, at
any point in the system'the water possesses a certain level
of total energy or head. Total head is composed of two
components, elevation and pressure head. As groundwater
moves through the open interstices of the rock or soil it
loses energy through friction. As a conéequence of this,
the potential energy of groundwater at a high elevation is
equal to the potential energy at a lower elevation plus the
enerqgy loss bhetween the two points.

The water leﬁels observed in the piezometers measure
the potenﬁial of the water at the given depth of the well
point. Groundwater will move according to Darcy's Law from
areas of‘high potential (recharge areas) to areas of lower
potential (discharge areas). The "i" of equations (1) and
(2) is the slope of the water table (dh/dl). 1In areas of
groundwater recharge the potential decreases with depth;
~ the opposite is true in. discharge areas.

‘ If shallow observation well potentials are plotted on
a map, lines of equal potential (equipotential lines) may
be drawn. The potentials are measured in feet above mean

sea level (MSL). Figures 24 to 28 are examples of these

types of maps; however, the interpreﬁation of this data will

5.5
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Figure. 24.

Lake level 10.1

University Bay

Potentiometric surface, July 12, 1973
g Observation well
S—— Equipotential line (feet above datum 840'MSL)
Direction of groundwater flow -




56

Figure. 25.

Lake level 9.5

University Bay

527"

Potentiometric surface, September 5, 1973
Observation well

Equipotential line (feet above datum 840 MSL)
Direction of groundwater flow
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o Figure. 26.

Lake level 9.5

University Bay

Potentiometric surface, October 10, 1973
Observation well

Equipotential line (feet above datum 840'MSL)
Direction of groundwater flow
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Figufe. 27.

8.9 Lake level

University Bay

Potentiometric surface, November 21, 1973
Observation well

Equlpotentlal line (feet above datum 840 MSL)
Direction of groundwater flow

-
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Lake level 9.5

University Bay

Potentiometric surface, January 24, 1974
5 Observation well
\~—7§ Equipotential line (feet above datum 840 'MSL)

a

Direction of groundwater flow
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be presented in the- Flow Net Analysis section. It can be

stated that grdundwater flow takes place perpendicular to

equipotential lines in the direction of decreasing potential.
Water Table Fluctuations

In the "Humid East", that region of the U.S. which is
east of the Mississippi River, the elevation of the water
table fluctuates over a calendar year in response to changes
of precipitation and evapotranspiration. The elevation of
the water table rises very sharply in the spring due to
recharge by snow melt and heavy spring rains. During the
summer there is a decline in the water because of an.in—
crease in evaporation. There is a gradual increase of the
ater Lanle in the [all as evapotiansplration decreases and
the precipitation increases. Because of the ground being
frozen and precipitation being in the form of snow, the
water table in the winter experiences a steady decline.
Figures 29 to 34 show the responses of various wells to
these influences.

The hydrograph of Well 6 plotted with the yearly pre-
cipitation shows the general trend of the water table with
rainfall (Figure 5). Comparison of this hydrograph with
others (Figures 29 to 34) shows that water tablelvariations
throughout the seasons are not uniform. |

There are several reasons for the wells to show non-
uniform variations in the water levels. One reason is that

‘ vegetation cover varies throughout the study area. Trees

[.;m
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and large shrubs during the growing season act as "pumps"
in that their root systems extract water from the ground.
As a consequence of this the water table will tend to de-

cline. Thus, a well near treés qould show water table

fluctuations due to the growing behavior of the trees.
Another reason for varying fluctuations is the difference in
soil permeabilities. Low permeability soils will dampen the
effects of precipitation because it will take a longer time
for the waéer to reach and affect the water table.

Analyzing Figure 29, one will see that Well Number 33
(a well north of the WARF building) has a water table
fluctuation of almost eight feet over the study period.
This fluctuation is substantially greater than the other

.- o

t Numbke ASXC QTPCaIrs o SE o suaaen

-
Y el e N e

12, Al
rise in late November in the water level. It is 5elieved
that both the sizable fluctuations ahd_the late Novembér
water rise can be attributed to the dewatering pump activity
around the medical center complex construction. This con-
struction site is approximately 1,000 feet from Well 13.
The dewatering pumps were started in July, 1973, and the
last pump was shut off at the end of November of that same
year.

Well Number 11 on Figure 31 also shows a substantial
fluctuation in its water leveis. This fluctuation cannot
be accounted for. However, tﬁis well is in a clayey silt

soil and as a consequence this fluctuation may not be

representative of the true water table fluctuations.
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Sometines these fine grained sediments will plug the well,
thus making it inoperative.
Figure 34 shows hydrographs of wells which border the

Bay. All of these wells are in an organic silty sand. As

it can be seen all the wells generally respond in the same

manner throughout the year except for Well Number 8. This

well shows a very large jump in the water level on June 1,

1973. At this time no satisfactory reason can be given as

to why this jump occurred. Perhaps someone tampered with

" the well, but this is only a guess.

Flow Net Analysis

Five piezometric surface maps have been drawn for the

time between July, 1973 to January, 1974 (¥Figures 24 to 238).

These maps seem to indicate that the water table is related

to the topography. That is to say that in those areas where
there are hills the water table is also higher in elevation.
In more precise terms, it appears that groundwater divides
parallel surface water divides. Wells on the north side of
the study area indicate that Eagle Heights is a recharge
area. A recharge area is where water, after it reaches the
water table by pércolating through the soil, will move down
away from the water table. From this particular recharge

area water can move in several directions and this type of

situation is what is called a groundwater divide. There is

a groundwater divide in Eagle Heights running parallel to

the hill. North of this divide groundwater moves toward-
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Lake Mendoﬁa, and»south of this divide groundwater moves
toward the Bay area.
The regional groundwater flcw for the area (Figure 35)

indicates flow from the north to the south, this general

trend is also seen in the local flow system of:University
Bay, but with some modifications. |

One such modification is the topographic high on the
south side of thé study area. This area too is a recharge
mound; howéver, water flowing north from this mound is not

discharged at the surface, but rather, it is believed that

the water curves under and joins the regional flow system

(Figure 36).

From the piezometric surface maps (Figures 24 to 28),

it can be seen that the configuration of the water table

surface does not vary significantly through the year. This

means. that groundwater flow direction reversals did not

occur. ' : | ;

The marsh located in the middle of the study area was

found to have both recharge and discharge characteristics.

From Figures 24 to 28 it can be seen that groundwater enters

the marsh on the north and east sides and moves from the

marsh into the ground on the west and south sides. A well
nest on the south side of the marsh indicates recharge

conditions. It was consistently found that the shallower

well of the nest had higher water elevations than the deep
well. This indicates that groundwater has a downward

vertical flow. This recharge condition may be induced by
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city pumnping of municipal Well Number 6 which is located on
University Avenue and Ffanklin Street, southwest of the
Veteran's Hospital. It is felt that municipal Well Number 4
on the corner of Regent and Randall Streets may have some
influence on the area, but because of a closer proximity,
Well Number 6 probably has the most influence on the Bay.
‘It was not documented that Well Number 6 actually influenced
the water levels in the marsh. The well "nest" was com-
pleted in mid-July, 1973 and since that time the Number 6
well has been pumping fairly continuously. From November,
1972 to July, 1973 the municipal well was not in operation.
During this time it is not known what vertical gradients
existed in the marsh area.

An estimation was made of groundwaiter flows in the
marsh area. The marsh itself displays "flow through
conditions". This means that water enters one side of the
marsh anq leaves the other side. This type of flow 1is
unusual for a marsh. Most marshes experience groundwater
seeéage from all sides and water leaves the marsh through
evaporatidn and transpiration of plants. Due to the low
permeability of the sediments found within the marsh (less
than 0.4 gals/day/ftz), seepage from the marsh is estimated
to bé 15 gallons/day (Appendix E). This seepage takes
place along the south side of the marsh. As can be seen,
this amount is élmost negligible.

As it can be seén from Figures 24 to 28, a majority of

the study area receives water from the Bay inta the ground-
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water system. From various calculations and assumptions it
is estimated that flow from the Bay into the land is 23,200
gallons/day (Appendix E). |

Also in viewing Figure 24 one can see that the water
tabléicontours bend downgradient. This seems to indicate
that Willow Creek is an influent stream*. Also, it should
be noted that this type of flow is a reversal of what
appears to be the norm. Figure 35 shows the groundwater
and the surface water moving in the same direction. This
situation does not hold true for Willow Creek. Willow Creek
flows to the north while the groundwater flows to the south.
This stream also appears to be a groundwatef divide in that

water flows either to the southeast or southwest from the

by pumping of city Wells Numbers 6 and 4; however, this

configuration of the water table occurs in January, 1974

even though Well Number 4 had been shut off for a period of

tow and a half months (Appendix F). | 7
Some caution must be taken when interpreting the data

of the wglls around the marsh area because of the fine érained

sediments. Sometines the well points become plugges with

sediment and as a consequence the well did not have good

communication with tpe groundwater system. For example,

Well Number 12 shows little variation of water levels

*An influent stream is a stream which recharges the ground-
water system. In other terms, water moves from the stream
into the ground.
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throughout the year - and the water levels in it sometimes

show a flow syétem which probably cannot exist, thus the

readings should be discarded. This well is located in fine

grained marls.

E
Kffects of Municipal Well Pumping

ATfects on the shallow aguifer by pumping of the Number
6 city well are best illustrated in Figure 37. Observation \
wells were installed by the Highway Soils Laboratory in

order to observe groundwater fluctuations in and around the

new medical center construction site. Because of a very .

high water table in the spring of 1973, two pumps wefe in=

stalled so that the area could be dewatered and building )
foundations poured. IL cau be seen in Figure 36 that when

the city well was shut off, a rise of almost two feet

occurred in the VA observation well.
Model of Shallow Aquifer

Because of a high water table around the éonstruction
Site for -the new medical center, it was decided by the
construction engineers in cooperation with the state to
dewater the site by pumps so thét the footings for the
building could be emplaced. In order to do this two pumps
and various observation wells were'installed in the con-
struction site (Figure 38). Water level and pumping rate
data were collected by the State Highway Soils Laboratory.

A major goal of this study was to ascertain the
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effectiﬁeness of the dewatering pumps in drawing the water
table down. After this data was collected it would be used
in the construction plans for locating sump pumps in the
new medical building so that the foundations would not be
flooded. |

In order to evaluate the effectiveness of the pumps
cértain agquifer properties must be determined. The major

aquifer property which can be determined from this type of

test is transmissivity. The transmissivity of an aquifer
is the thickness of the aguifer multiplied by the permea~
bility of the agquifer.

Another important aguifer property to be determined is
the storage coefficient. This dimensionless number
represents the volume of water released from the aguifer
per unit surface area of aquifer per unit change in head.

The transmissivity and storage coefficient are
extremely useful to the foundation engineer. Transmissivity
affects the size and shape of the cone of depression around
a pumping well. Figure 39 displays this point quite well.
In‘picturé A the transmissibility is ten times lesé than
that in B. As it can be seen in A when the pump is turned
on the drawdcwn around the well is much greater than in B.
This is very important in designing the size and location
of sump pumps and/or municipal water wells. The engineer
is interested in how much drawdown will occur when a
given pump is turned on. Transmissivity and storage co-

efficient can also be used to determine how much water can
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Figure 39. Effect of differing coefficients of
transmissibility upon the shape, depth and
extent of the cone of depression; pumping

rate and other factors being the same in
both cases. (after Johnson, 1972).
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be obtained from an aquifer. A value for permeability caﬁ
be obtained froﬁ the transmissivity. And with such a value
calculations can be made to determine groundwater velocities
and groﬁndwater flow guantities.

The thickness of the agquifer was determined by drilling.
The permeability of the soil was determined by pump-test
analysis. Figure 40 shows the drawdown curve for the VA
well. From various calculations (Appendix G) it was deter-
mined that the permeability of the sandy-gravely soil in the
construction was 430 gallons/day/ftz. This value is in
agreement with the permeameter tests whiéh indicated a
permeability range of 200 to 530 gpd/ftz.

After obtaining the above data it was decided to model
the shallow aquifer hy digital compnter methads. With such
a model, efficiences of drawing ddwn the water table can be
evaluated by varying the size and pdsition of the pumping
wells.

The.proposed digital computer model which was selected
was developed by Messrs. Thomas A. Prickett and Carl G.
Lonngquist. The model is described in detail in their
publication "Selected Digital Computer Techniques for Ground-
water Reéource Evaluation", Illinois State Water Survey
Bulletin 55, 1971. For assumptions and model see Appéndix H.

The model for the Bay project was set up on thé Univer-
sity of Illinois' IBM Model 360 computer. Two trial runs

were made in Illinois; however, it became clear that certain

assumptions were erroneous. Some of these assumptions
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concerned the thickhess of the aquifer‘and boundary con-
ditions. Time'did not permit further runs in Illinois.

In Madison, an attempt was made to transfer the computer
program.from the IBM 360 to the Engineering Laboratory Data-
‘craft 3600. Immense conversion problems resulted. These
-problems were not only in procedural matters but also in
storage. Due to lack of time and money the digital model-~
ling of the Bay was abandoned. Because the model was
abandoned, the goal of ascertaining the effectiveness of
dewatering pumps was not achieved. In locating the sump
?umps, the engineers did use the permeabilities which were

obtained for the aquifer.
Hydrogeochemistry

The purpose of groundwater chemical analysis was not
to define flow systems but merely to.obtain some idea of
water quality in the Bay area. Constituents tested and
wells sampled appear in Appendix I. _

Well Number 8 shows the'affects of road salting.
Chloride levels fluctuate from a high of 479 parts per
million (ppm)in March to 53.7 ppm in June.

The generally poor water quality of Well Number 32,
the shallow well of the marsh nest, is attributed to the
‘decaying of material which‘was placed there when the area
was.a landfill. The water quality of the deeper wells in
the nest is improved. This is due to the fact that these

waters are below the landfill; thus dilution by groundwater
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has occurred.

Well Numbers 25 and 38 show high Ca, Mg, S04-S, and C1
concentrations. This poorer water quality may be explained
by_the féct that both wells are cased for at least 15 feet
into the bedrock. Waters from the calcareous cemented sand-
‘stone bedrock have been in the flow system longer thus they
are probably saturated with various dissolved solids.

Because of sampling techniques, further conclusions
would be ténuous. The sampling method was by bailiné.
According to Dr. James O. Peterson of the University Exten-
sion, this method is inherently wroﬁght with errors. Bail-
ing was the only feasible means of obtaining water samples
because none of the wells could be pumped. ' The reason for
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low permeability that water could not enter the well when
pumping started, or the pumping levels were too great for

the available small pitcher type sampling pump.

Discussion

It was the stated purpose of this report that it be
used as a tool for the campus planner in helping to formu-
late management plans for the west campus area. This
discussion is to summarize the work which has been completed
for this report.

Figure 41 is a development suitability map based on
the results of this study. Basically, the areas which are

designated unsuitable for development are delineated on the
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Figure 41. ' Areas unsuitable for construction

wasmens - 1oss than 10 feet to bedrock ¢
~mwese  less than 10 feet to water table
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basis of either a high water table, poor soil conditions or
bedrock near the surface. 1In each case construction
involving excavation could take place with proper designing;
however, the expense of construction may be prohibitively
high. Outside of the éreas unsuitable for construction,

the only remaining open spaces are the fields west and
south of the Natatorium, Picnic Point and the field south-
west of the Biotron.

It must be noted, however, that each one of these areas
does serve a role in the University community. These open
areas are being used either for recreation or natural studiesf
The campus has already utilized much of its open spaces and
the aforementioned are the only areas left for outdoor rec-
reation. Any further reduction of these open cpaces will
seriously impair the outdoor recreational benefits available
to the University community. In eésence, no further con-
struction can take place on the west end of campus without
exceedingly high construction costs or a substaﬁtial reduc-
tion'in recreational benefits.

In the first part of this report six specific goals
were enumerated. These goals were accomplished and the
results are the following:

i. Soil thicknesses vary from 1 foot to greater

than 150 feet. Figure 41 denotes thosé areas
where bedrock is close to the surface.

2. The shallow groundwater flow system shows that

most of the Bay recharges the groundwater
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system. Picnic Point is the 6nly land area
which'recharges the Bay. Groundwater does
not discharge into Willow Creek. On the
contrary, water levels around the Creek seem
to indicate that water moves from the Creek
into the ground.

The water tabie in the study area varies from
3 to greater than.40 feet below the ground
surface. The land occupied by the marsh and
playing fields is where the water table is
closest to the landAsurface and‘as a conse-
quence this area should be avoided where con-
struction will involve the emplacement of
deep foumdations.

Bathymetric and soft sediment isopach maps
were constructed for the Béy. These maps
delineate the location of the sand bar and
the delta. However, sedimentation rates for
the delta were not obtained.

Water samples were collected from various
observation wells. Because of sampling
techniques conclusions cannot be drawn with
regard to the overall quality of the ground-
water in the Bay study area. Thé affects of
road salting were seen in several wells
located near roads.

It was calculated that apprdximately 23,000




gallons of water move from the Bay into the
ground. Both horizontal and vertical gradients
were calculated for various areas around the
Bay area. It was seen that Madison municipal
water-supply pumpage did influence the water
table. Around the medical center construction
complex it was discovered that shallow aquifer
lgvels varied approximately two feet with

municipal pumpage.

Conclusions

Some -of these conclusions are repetitions of points
which were‘made in the discussion section;'however, there is
a need to repeat them in this section. |

University Bay field and laboratory investigations lead
to the following conclusions: |

1. Picnic Point and Eagle Heights are a recharge

area. Activity such as the disposal of wastes
eithér in landfills or seepage pits could
,affect the groundwater quality in the rest of
the Bay. These areas are upgradient and
polluted groundwater can move from them to

the marsh or Bay. |

2. University Bay serves as a recharge source to

most of the Bay lands. Feedlots and/or land-
fills on any land besides Picnic Point will

not impact the water quality of the Bay proper
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by means of groundwater.  However, storm
sewer drainage can empty into the Bay and
this drainage can contribute nutrients to the
Bay and Lake Mendota.

The 1918 Marsh experiences "flow-through"
conditions. Salting the roads north of the
marsh will contribute chlorides to the marsh
via groundwater. However, because of the
fact that the marsh soils are fine grained
and thus of low permeability, the amount of
groundwater entering the marsh is very small,

about 11 gallons/day.

'The water table in the marsh area is between

five and eight feet helow the surface. Re-
cause of this fact it is recommended that

large structures should not be built in this

.area. If construction does take place, de-~

watering pumps will most likely have to be

used.

‘Salting the roads in this area does have an

impact on the groundwater quality. It was
observed that this road salting increases the
chloride content of the groundwater. Chlorides
are not absorbed by soil particles ana as a
consequence they do have the ability to travel
through the grounawater system.

Municipal well pumping does have an effect on
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groundwater levels. When the city well num-
ber 6 is on, the water levels in the south-
west corner of the study area dropped.
Knowledge of this hydraulic connection between
the shallow and.deep aquifers is valuable in
building construction and waste disposal. 1In
building construction foundation designh must
take this knowledge into account in order to
prevent flooding if the municipal wells are
shut off. This knowledge is also useful to
know when locating disposal sites for refuse.
Leachate may enter the groundwatervsystem

and contaminate the municipal well. If
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hazardcus matericls ore spilled
say by a rail car derailment, it is impera-
tive to retrieve as much of the material as
possible so that it does not get into the
groundwater system and eventually pollute thé

municipal water wells.

'The University feedlots do not have an impact

on the Bay by means of groundwéter because the
feedlots are down gradient of the Bay. They
may have an effect on thé Bay due to sheet
runoff and eventual discharge to the Bay by

either storm sewers or Willow Creek.
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Recommendations

At the completion of this study it is suggested that

the following additional data be obtained at sometime in

the future.

1.

Bétter soil thickness maps should be con-
structed. There are few boreholes in the
Bay area whicﬂ encountered bedrock. In order
to construct these maps more drilling will
have to take place.

Observation wells will be left and they
should be periodically measured for ground-
water levels and water guality.

When the USGS has compiled its surface water
data for Willow Creek; tiiis data should be
incorporated with previous‘studies into a

new report.




90

References Cited

Bean, E. F. 1936 Lake Mendota-Origin and History: Geolog-
ical History of Lake Mendota. The Technical Club of
Madison publication.

Born, S. M., and Stephenson, D. A. 1969 "Hydrogeologic
Considerations in Liquid Waste Disposal." Journal
Soil and Water Cons., v. 24, no.- -2, pp. 53-55.

Born, S. M., and Yanggen, D. A. 1972 ‘"Understanding Lakes
and Lake Problems." University of Wisconsin-Extension
Pub. No. G2411, 40p.

Bortleson, G. C., and Lee, G. F. 1972 "Recent Sedimentary
History of Lake Mendota, Wis." Environmental Science
and Tech., vol. 6, pp. 799-808.

Bryson, R. A., and Ragotzkie, R. A. 1955 "Rate of Water
Replacement in a Bay of Lake Mendota, Wisconsin."
Amer. Jour. Sci., vol. 253, pp. 533-539.

Buckley, E. R. 1895 Pleistocene Geology Around Madison.
B.S. thesis, University of Wisconsin (Geology).

Cline, D, ®  19A5 Ceolnayv and Ground-Water Resonrces of
- —~ . et - ~r RG] [ —~ . v =
Lralie LutiLy , WADCULID LUl vl eeQ S LatLes UCU.LU&}.LUCL.L

Survey Water-Supply Paper 17 79-U, Washington, D.C.

Eid, R. 0., and Olsen, J. L. 1950 Hydrologic Study of
the Tributaries to Lake Mendota. B.S. thesis, Univer-
sity of Wisconsin (Civil Engineering), 60p.

Frey, D. C. 1963 Limnology of North America. E. G. Frey,
Ed., University of Wisconsin Press, pp. 34-54.

Hansen, G. F. 1952 "Some Observations on the Sediments
of University Bay, Lake Mendota, Madison, Wisconsin."
Report to the Lakes and Streams Investigations Com-
mittee. University of Wisconsin, 22p.

Hubbert, M. XK. 1940 "The Theory of Ground-Water Motion."
Jour. Geology, vol. 148, no. 8, pt. 1, pp. 785-944.

Johnson Division, Universal 0il Products Co., 1972 Ground-
Water and Wells, published by Johnson Division, Uni-
versal 0il Products Co., Saiant Paul, Minnesota, 440p.

Murray, R. C. 1955 "The Recent Sediments of Three Wiscon-

sin Lakes." Bull. Geol. Soc. Amer., no. 67, pp. 883-910.




91

References Cited {(contd.)

Prickett, T. A., and Lonngquist, C. G. 1971 Selected Digital

Computer Techniques for Groundwater Resource Evaluation.
Illinois State Water Survey Bulletin, no. 55, 62p.

Sonzogni, W. C., and Lee, G. F. 1972 "Nutrient Sources for
Lake Mendota - 1972." A report of the UW Water
Chemistry Program.

Twenhofel, W. H. 1933 "The Physical and Chemical Character-
istics of the Sediments of Lake Mendota, a Freshwater
Lake of Wisconsin." Jour. Sed. Petrology, no. 3,
pp. 68-76.




APPENDIX A. — TS 9y

MRTSC Trial Form U.S. DEPARTMENT OF AGRICULTURE SERIES Kegonsa
File Code Soils-12 SOIL CONSERVATION SERVICE STATE Wisconsin
Rev, 7-1-71

~ SOIL SURVEY INTERPRETATIONS wirA 91K, 95L

Well drained soils with subsoils of silty clay loam over sandy clay loam underlain by sand and gravel at
26 to 40 inches. These are nearly level to steep soils with voderate permeability in the subsoil and rapid
. permeability in the substratum. They have medium available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

j . . C el P tage less than 3 inches _ Avail. Soil Shrink
MSZJS" Classification F::::i. erce}:azgingegieve No.==- LL PI pz;i?te; Water Reac~ Swell
Horizons USDA s >3 in. . | Capac. tion Poten-
(inches) Texture Unified AASHO Yo 4 10 40 200 in. /hr. in./in. pH tial
0-12 sil ML A-4 - 100p5-100(93-100R0~90 |15-20 2-4 0.6-2.0 [.22-.24(6.1-7.3 Low
12-29 sicl CL A-7 - 100D5-100[97-1001385-95 [30-40 |15-200.6-2.0 |.18-.20]5.1-5.5 Mod.
29-34 scl sSC A-6 - 10085-95 {85-95 %0-50 {25-35 [ 17-150.6-2.0 |.15-.17|5.1-5.5{ Low
34-60 | s&g GP-GM A-1 - K0-50 BO-40 10-15 | 1-5 NP NP 16.0-20 [.02-.04[7.9-8.4 Low
Flooding: None Hydrologic group: B
Depth to water table: 35 faet Depth to bedrock: 35 feet
Corrosivity = uncoated steel: Low Corrosivity =~ concrete:  Iow
SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE
Roadfilli GOOD '
Sand FAIR - high gravel content.
Gravel | pATR - high sand content.
Topsoil| FAIR -~ thin layer.

DEGREE AND KIND OF LIMITATIONS
Kentic Tank Filter Fields - STIGHT for 0 ta A% slopes: MODFRATE for steeper sails. 1/ I

i

Eewage Lagoons
SEVERE - rapidly permeable substratum.

Shallow Excavations— MODERATE - substratum sloughs easily.

IDwellings:
With Basements SLIGHT on 0 to 6% slopes; MODERATE on steeper soils.

Without Basements; SLIGHT on 0O to 6% slopes; MODERATE on steeper soils.

Sanitary Landfill
SEVERE - little amelioration of leachate.

Local Roads and Streets
SLIGHT

Frost Hazard: Moderate — strong capillarity.
/ MAJOR SOIL FEATURES AFFECTING SELECTED USE

Pond Reservoir Areas - Rapidly permeable substratum; moderately permeable soils.

Embankments, Dikes, and Levees - Pervious; high stability.

Drainage of Cropland and Pasture - Natural drainage adequate.

Irrigation - Medium available water capacity; moderate permeability.

Terraces and Diversions - Moderately deep to sand and gravel.

Grassed Waterways -~ Moderately deep to sand and gravel.

bolf Course Fairways - Favorable.

1/

='* Danger of ground water contamination.




‘Series

Kegonsa

APPENDIX A.

(Contd.)

DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas’

SLIGHT for 0 to 6%; MODERATE for steeper solls.

Picnic Areas

SLIGHT on 0 to 6% slopes;

MODERATE on 6 to 12% slopes; SEVERE on steeper soils.

Playgrounds

SLIGHT for 0 to 2%; MODERATE for 2 to 6%; SEVERE for steeper soils.

Paths and Trails

SLIGHT.

CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of . Soil Loss| Corn Corn Qats
Series Capability p——r— grain(bu)silage(T) (bu)
0-2% IIsl 3713 95 15 65
2-6% IIe2 95 15 65 )
6-12% 11Te2 95 15 65
PASTURELAND AND HAYLAND
P};z;srfessof ‘ Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
0-12% Acl Alfalfa-brome hay — 3 T/A; bluegrass pasture - 120 AUD.

WILDLIFE HABITAT SUITABILITY

Potential for~- Potential for--
vild dwood W d 1
Phase.zs of Grain and Grasses, Wi Hardwoo Coniferous etlan Sh'al ow Openland Woodland Wetland
Series Seed Crops Le Herbaceous | Trees and Plants Food and Water Wildlif Wildiif Witdlif
°op gumes Plants Shrubs an Cover Devel. vaiite vatite 1atite
0-6% |Good Good t Good Good Good Very Very Good Good Very
Pony Ponr Poor
i b-12% jFalr Good t Gzood ! Toed Gand Vary Varyv | | Very
3 H 3
l ‘ Poor Poor h l Poor J

WOODLAND SUITABILITY

R Porential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi- " T T T T f
Series hation Important Site Erosion Equipment Seeding Plant To Fav To Plant
Trees Index Hazard Limitations Mortality Competition © or ° an
- 0-12% 2d3  hickory MH Slight | Slight Slight Slight red oak |red pine
‘ elm ' white oak|white ping
white oak
red oak
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air - Dry Herbage (Ib./ac.)
WINDBREAK
Group Adapted Trees to Plant Tree Heig!'n Prediction Rel'ative
at 20 Years Age Vigor

OTHER

USDA-SCS-LINCOLN, NEBR. 1973




APPENDIX A. (Contd.)

U.S. DEPARTMENT OF AGRICULTURE SERIES Colwood
SOIL CONSERVATION SERVICE STATE Wiscomsin

SOIL SURVEY INTERPRETATIONS mLra 95 L

Poorly drained soils with silty clay loam or silt loam subsoils underlain at 20 to 40 inches by stratified
very fine sand and silt. These are moderately permeable soils with high available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Major Classification Coarse | Percentage less than 3 inches permea~ | Avails Soil Shrink
Soil A Fract. Passing Sieve No.-=- LL PI bitity Water | Reac- Swell
Horteons | oo, | Unified | aasuo |77 | 4| 10 | w0 | 200 LS sl A By
0-12 sil ML A-4 - 100 100(80-100} 85-95 | 20~30| 0-4 |0.6-2.0(.22-.24; 5.6- {Low
12-18 Hvy. 1 | CL A-6 - 100 100180100} 80-90 | 30-40]15-2010.6-2.01.20-.22 6763 Low
18-36 lt.sicl | CL A+6 - 100 10080-100] 85-95 | 30-40| 15-20{0.6-2.0{.18-.20 771;E Moderate
136-60 si-fs ML-CL A-4 - 100 10(80-90 | 75-95| 10~20{ 2-6 [0.6~2.0;.11-.13 7;92 Lowv
vis .

Hydrologic group: B/D

Flooding - Frequent flooding for brief periods.
Depth to water table: Seasonal high water table, 0 to 1 foot Depth to bedrock: More than 6 feet
Corrosivity — uncoated steel: iigh Corrosivity - concrete: TLow

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfill| pnr ~ high. frost action; poorly drained.

Sand Unsuited — stravified very fine sand and silii.
Gravel | Unsuited - litrle or no gravel.

Topsoil] poor - seasonal high water table.
DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

geptic Tank Filter Fields . . .
Very severe — seasonal high water table; frequent flooding.

Sewage Lagoons Severe —~ seasonal high water table; moderate permeability.

[Shallow Excavations ya.v gevyere - seasonal high water table; frequent flooding.

Dwellings:
With Basements - Very severe — seasonal high water table; frequent flooding.
Without Basements - Severe - seascnal Tiigh water table; frequent flooding.

[Sanitary Landfill : .
anitary Lancdlill _ Severe - seasonal high water table; frequent flooding.

’

Local Roads and Streets  yory gevyere — frequent flooding; high frost action,

Potential Frost Action

High

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas Moderate permeability; seasonal high water table.

Embankments, Dikes, and Levees Medium shear strength and compressibility; high to medium piping.

Drainage of Cropland and Pasture wodorate permeability; frequent brief flooding.

Irrigation

Not applicable.

Terraces and Diversions

Not applicable.

Grassed Waterways p,,11y drained; moderately permeable.

Golf Course Fairways - seasonal high water table; poor trafficability.
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Series - Golwood 95
DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES
Camp Areas Severe - poorly drained; frequent flooding.
Picnic Areas Severe ~ poorly drained; frequent flooding.
Playgrounds Severe ~ poorly drained; frequent flooding.
Paths and Trails| Severe — poorly drained; frequent flooding.
CAPARILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)
Phases of Capabilit Seil Loss| Corn Corn Oats ’
Series e YTE T T brain (bulsilage(T) (bu)
0-2% IIwl - - 1Q0 15 60
PASTURELAND AND HAYLAND
p};a:_e:so{ Gr;aup Species, Yield in AUMs for Dryland (Irrigated) Forage Production
ri
0-2% Bw3 Alfalfa-brome hay — 4.0 T/A; pasture (bluegrass) - 145 AUD
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for-~
Phases of . Wild Hardweod . Wetland Shallow , ) -
Series Grain and Grasses, Herbaceous | Trees and Conl:.ferous Food and Water (;;?.elgi?fnd ch.)‘z;glfmd “’fnn_qd
Seed Crops Legumes Plants Shrubs Plants Cover Devel. ildlife ildlife Wildlife
0-2% Poor un~ lrair un-~ Fair Fair Fair Good Good Fair Fair Good
drained drained
Fair Good | | 1l |
] drained drained | | | Il |
WOODLAND SUITABILITY
" Ph £ Ordi Potential Productiwvity Woodland Management Hazards Suitable Species Other
Sas'es © .rix- Important Site Erosion Equipment Seeding Plant To F To Plant
eries natlon Trees Index Hazard Limitations Mortality Competition o raver ° an
0-2% w5 silver red maple Slight Slight Moderate | Moderate silver soft
maple 75+ map le maple
red maple white ash| cottonwoad
white ash . wh. ash
red oak —
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (lb./ac.)
WINDBREAK
) ; Tree Height Prediction Relative
Group Adapted Trees to Plant at 20 Years Age Vigor
, OTHER
e

UADA-SCHLINFOLN, REUR. 1374




Appendix A. (Contd.) | ‘ #04

#01

L . U.S. DEPARTMENT OF AGRICULTURE SERIES
- SOIL CONSERVATION SERVICE ) STATE Wisconsin

. 1
| : SOIL SURVEY INTERPRETATIONS - / MLRA __ a1, 95105

" '
Deep, very poorly drained organic soil in wet depressions and bottomlands, and along rivers and streams,
. These soils have moderately rapid permeability and very high available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Major cor R Coarse Percentage less than 3 inches Avail. Soil Shrink
A Classification . . Permea~
Soil Fract. Passing Sieve No.-- LL PI bility Water Reac- Swell
Horizons USDA . >3 in. . Capac. tion Poten-.
fied AAS 4 40 200 . .
(inches) Texture Unifie HO T 10 ] in./hr in./in. pH tial
0+60 muck Pt - - - - - - - - 1]2.0-6.0}.25~,35] 6.0~ {Low
- i , 7.0
Flooding Frequent flooding for very long periods, . Hydrologic group: = A/D
Depth to water table: Seasonal high water table, 0 to 1 foot Depth t’oAbedr'ock: More than 6 feet
Corrosivity - uncoated steel: High Corrosivity - concrete: Low

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfill| Very poor - seasonal high water table; high compresslblllty, unstable.

Sand Unsuitable - no sand present,

Ciravel Unoe ftrkis won

ouitebls 1S o

]
1 . . .
101-’50“] roor = organic materilal oxidizes rapidiy; erosive.

DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

Septic Tank Filter Fields Very severe - seasonal high water table; organic material.

Pewage Lagoons  yory gevere - seasonal high water table; organic material.

phallow Excavations yepry geyere - seasonal high water table; frequent flooding,

Dwellings:
With Basements )

Without Basements ) Very severe - seasonal high water table; frequent flooding; 1vow ;trength.

Banitary Landfill :
Very severe - seasonal high water table; frequent flooding.

Local Roads and Streets  yery gsevere — seasonal high water table; frequent flooding; low strength,

Potential Frost Action Moderate -~ wet soil.

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas  Seasonal high water table; moderately rapid permeability; nearly level.

Embankments, Dikes, and Levees 1,y ghear strength; high compressibility.

Drainage of Cropland and Pasture Moderately rapid permeability; organic muck.

Irrigation  Not applicable.

‘Terraces and Diversions

Not applicable.

Grassed Waterways  Very poorly drained; nearly level.

[Golf Course Fairways: Seasonal high water table; high compressibility; poor trafficability.

1/ Use in conjunction with Guide to Soil Survey Interpretation Sheets.
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DEGREE CF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Very severe

- very poorly drained; frequent flooding.

Very severe

- very poorly drained;

frequent flooding.

Very severe

=~ very poorly drained;

frequent flooding.

Paths and Trails

Very severe

- very poorly drained;

frequent flooding.

CAPABRILITY,

SOIL, LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of Capabilit Soil Loss Corn Corn Oats
Series apa YK T prain (bu)isilage (T (bu)
0-2% IIIN9 | - - 120 20 60
PASTURELAND AND HAYLAND 2/
P‘:;f:sd Group Specles, Yield in AUMs for Dryland (Irrigated) Forage Production
0-2% Bwb
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for-«
}?hases of Grain and Grasses, wild Hardwood Coniferous Wetland Shallow Openland | Woodland Wetland
Series Seed C L Herbaceous | Trees and | ©p, Food and |  Water Witdlif wild1if Wildlif
€€ rops cgumes Plants Shrubs ante Cover Devel. ¢ © €
0-2% V. poor unt Poor um+t Poor Poor Poor Good Good Poor Poor Good
drained drained
wair rair - | |
arainea | drained] ] | l ” l
WOODL.AND SUITABILITY
Phases of Ordi- Potential Product'ivlty Woodland Management Hazards Suitable Species Other
Serle ati Important Site Erosion Equipment Seeding Plant To Favor To Plant
ries nation Trees Index Hazard Limitations Mortality Competition ° © rian
0-2% 5w6 |northern |northern | Slight Severe Severe Severe northern Not
wh. cedary wh. cedan wh. cedart o't b1
tamarack 30-36 tamarack | SUiFa0-€
i for
planting
RANGE
Phases of Series Range Site Mame Climax Vegetation and Productivity of Air«Dry Herbage (Ib./ac.)
WINDBREAK
Tree Height Prediction Relative
Group Adapted Trees to Plant at 20 Years Age Vigor

OTHER

USDA-SCS-LINCOLN, NEBR. 1974

Use of this soil for hay or pasture will result in Severe damage to the soil because of low bearing
__capacity and stability.




Appendix A. #76 6 ; 28

(Contd.) Batavia silt loam,
U. S. DEPARTMENT OF AGRICULTURE serigsBravelly substra-
: .SOIL CONSERVATION SERVICE state Wisconsin n
- SOIL SURVEY INTERPRETATIONSU MLra L 93

Well drained silty soils over 40 inches thick, developed in 36 to 50 inches slilt. over
stratified sand and gravel. These are nearly level to sloplng, moderately permeable
soils with high available water capaclty.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Somme [ ommeeninge s o s eres] T Toemee [ A T 00 T S0
g:?:::; T‘:i&‘;‘e Unified | AASHO |77 ;:‘ 4 10 40 200 ! in./;u'): f:";: ‘;:{“ poten
0-10 Sil ML A-4 - 100 95‘—10090—-100 85-95 | 20-30} 1-5 0.6-2.0 |.22-.24§ 6.6-7{3 Low
10-kL Siel CL . A-T - 100 ©95-10090-100|85-95 | 40-30{20-30 0.6-2.0 }.18-205 5.6—6. Mod.
Li-50 c1 CL A-6 | ©-1 [90-100{ 80-90| 70-80| 60-70 | 25-35]10-20 |0.6-2.0 |.15-196{6.1-7. Mod.
50-60 S&C GP-GW A-1 1-5 | bo-50 30-L0 15-25| 1-5 -~ |NP  |6.0-20. |.02-.04] 8.4 [Very Low
Flooding: None Hydrologic group: B
Depth to water table: (seasonal) 3 to 5 ft. or more . Depth to bedrock: 10 ft, or more
Corrosivity - uncoated steel: LOW Corrosivity - concrete:  2OW

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE
Roadfill|Subsoil - PCOR: moderate shiink-swell potential & low bearing value; unstable when wef

Sand |FAIR - substratum is poorly graded sand; thick overburden.
Aeaval IPATR . aubgtratum is pnnvﬂy Q‘,I‘Dd'?d grmve‘l; thirk nverhurden,

Yopsolimpaty - thin layer. {
DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

Eeptic Tank Filter Fields MODERATE en 0 to 6%; SEVERE on steeper slopes; silty material
shortens 1ife of filter fields.

[fewage Lagoons

SEVERE - substratum has rapid permeability.

Bhallow Excav}ations © SLIGHT - O '6%3 vMODERATE 6 - 12%

Dwellings:
With Basements
Without Basements

SLIGHT - O ~ 6%; MODFRATE 6 - 12%

{Sanitary Landfill
SLIGHT

ILocal Roads and Streets
SEVERE - high potential frost action - low bearing value

Potential Frost Action MODERATE - strong capillary actiom.

MAJOR SOIL FEATURES AFFECTING SELECTED USES
Pond Reservoir Areas — HModerate germeability through subsoll; rapid permeabllitTy In sand
and gravel substratum.
Embankments, Dikes, and Levees subsoll-fair to good Stabllity and compaction characteristics; semi-

pervious, Substratum-fair stability & fair to good compaction characfier-
Istivsy Vvery perviocusy

Well and moderately well drained: artificiel drainsge not needed.
High availsble water cepacity; moderate water intake rate.

Drainage of Cropland and Pasture

Irrigation

‘Terraces and Diversions

Moderate permeability.

Grassed Waterways
Moderate permeability.

Go1f Course Fairways Erosive on slopes. Moderate permeability.

»

1/ Use in conjunction with Guide to Soil Survey Interpretation Sheets.
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DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas MODERATE - sites remaln wet and soft for short periods; surface compacts easily.
Picnlc Areas ST.IGHT en 0 to 6%; MODERATE on 6 to 12%; SEVERE on steeper slopesj erosive on
slopess compacts easlly when wet,
Playgrounds MODERATE on 0 to 6%; SEVERE on steerer slopes; erosive on slopes; compacts
easlly when wet.
Paths and Trails | yooepaTE .. erosive on slopes; muddy and slippery when wet,
CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)
1 conn i Uats
Ph f . Soil'L
o Capability [mpr—(Grain(bu}Sikge (T) (bu)
0 - 2% I-3 320 3 140 18 80
2 - 6% Ile-1 .321 3 130 16 80
6 -12% IITe~1 ].32{ 3 120 14 70
' PASTURELAND AND HAYLAND
Pl’;a;:essof Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
0 - 2% Aol |Alfalfa - brome (nay) 6.5 T/A; pasture (bluegrass) 160 AUD.
2 - 6% " 5.5 T/A; o 140 AUD;
6 -12% " 5.0 T/A; . " 120 AUD.
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for--
" Phases of . witd Hardwood Wetland Shallow
Series SGrzixéand ;.‘:x;assees, Herbaceous | Trees and Co;xlife:ous Food and Water - O“%elgﬁxfnd wv.?ﬁgi?fnd g;t;;r;d
e rops gumes Plants Shrubs ants Cover Devel. € € €
0-127 Good Good | Good Good Good Poor V. Poor|l Good Good V. Poor
WOODLAND SUITABILITY
. Potential Productivity Woodland Management Hazards Suitable Species Other
P};Sasfa: of O:;h- Important Site Erosion Equipment Seeding Plant To F To PL
eries nation Trees Index Hazard Limitations Mortality Competition © Favor o Plant
0 - 2% | 201 Red oak MH Slight Slight Slight | Moderate Redosk Red pin
pugar Sugar .
maple Maple
2 - 6% Jh. ash Wh, pin
6 -12% Cherry Wh.spruce
RANGE )
Phases of Series Range Site Name Climax Vegetation and Productivity of Ajr-Dry Herbage (Ib./ac.)
WINDBREAK
Tree Height Prediction Relative
Group Adapted Trees to Plar:t at 20 Years Age Vigor
OTHER

WIBA-SCE-LINCOLN, KEDR. 1974 -
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U.S. DEPARTMENT OF AGRICULTURE # ‘? K ,S\‘L.Ru-:s Arland
SOIL CONSERVATION SERVICE - STATE Wisconsin

100

SOIL SURVEY INTERPRETATIONS 1/ mera 290K

Well drained, gently sloping to moderately steep, loamy soils of glacial deposits underlain by
sandstone residuum at 20 to 40 inches. There are moderately permeable soils with medium available

water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Major s . Coarse | Percentage less than 3 inches Avail., Soil Shrink
Soil Classxf'lcauon Fract. Passing Sieve No.~- Pex.-n'.xea‘- Water Reac- Swell
Horizons UsSDA Unified AASHO >3 in. 4 10 40 200 LL Pl 'bxllty Capac, tion Poten-
{inches) Texture i To in. /br. in./in. pH tial
0~-10 sl ML A-4 - 90-10d80-90 0~70 | 30-40 |10-20 |1-4 2.0~6.0].13-.15/5.6-6.0 Low
10-29 h. sel |CL A-4 ,A-§ - 90-10d70-80 [80-90 | 35-45 [20-30 |5-15 [0.6-2.0{.15-.19|5.1-5.0 Low
CL-ML
p4-37 1s sM A-2 - 90-10370-80 [60~70 | 15-25| 5-10 |NP 2.0-6.01.09-.11) 5.1-5.5 Low
37-60 weakly demented bandstone bedrqck - - - - - - - - -

Filooding : None Hydrologic group: B

Depth to water table: More than 6 ft. Depth to bedrock: More than 6 ft.

Corrosivity - uncoated steel: Low Corrosivity - concrete: Moderate

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfill Good.

Sand Good.

Gravel Poor - sandy.

Fair ~ 10 inches sandy loam surface.

Topsoil

SES

DEGKEE AND NinD OF $OiL. LIMITATION FOR 3ELECYIED U
[eptic Tank Filter Fields; Moderate for 2 to 12% slopes, weakly cemented sandstone bedrock less than 40 inches;
severe for steeper soils.

Moderate for 2 to 12%Z slopes, weakly cemented sandstone bedrock less than 40 inches;

Sewage Lagoons :
’ severe for steeper soils.

Shallow Excavations: Moderate for 2 to 124 slopes, weakly sandstone bedrock less tnan 40 inches;

severe for steeper soils.

Dwellings: Moderate Ffor 2 to 127 slopes, weakly cemented sandstone bedrock less than 40 Inches;

With Basements — severe for steeper soils.
Without Basements . §light for 2 to 6% slopes, weakly cemented sandstone bedrock at less than 40 inches;
moderate for 6.to 12% slopes; severe for steeper soils.

Sanitary Landfills Moderate for 2 to 20% slopes,less than 40 inches to weakly cemented sandstone bedrock;
’ severe for steeper soils.

Local Roads and Streets ! slight for 2 to 6% slopes; moderate for 6 to 127Z slopes; severe Ior Steeper soills.

Potential Frost/Action: Low

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas: Well drained; moderate permeability.

Embankments, Dikes, and Levees:Medium to low shear strength and compressibility; moderate permeability.

Drainage of Cropland and Pasture:Well drained; moderate permeability; loamy soil.

Well drained, medium available water capacity; less than &U inches to

Irrigation?
sandstone bedrock.

Terraces and Diversions less than 40 inches to sandstone bedrock; loamy sil; moderate permeability.

Grassed Waterways : Loamy soil 20 to 40 inches over sandstone bedrock; well drained.

Golf Course Fairways: Well drained, moderate permeability; loamy soilj some soils too steep.

1/ Use in conjunction with Guide to Soil Survey Interpretation Sheets.
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Arland

DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas Slight for 2 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.
A )
Pienic Areas Slight for 2 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.
Playgrounds Moderate for 2 to 6% slopes; severe for steeper soils.
Paths and Trails [Slight for 2 to 12% slopes; moderate for steeper soils.
CAPABILITY, SOIL 1.OSS FACTORS, AND POTENTIAL YIELDS--(High level management)
Phases of Capabilit Soil Loss|Corn Corn
Serles ° YK T T |Grain(bu)l Silage(T) Qats (bu
2-6% IIe2 .32 |3 80 13 65
6-127% LIle2 75 12 60
12-20% IVe2 70 11 50
, PASTURELAND AND HAYLAND
pgiiie:s(’f Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
2-6% Aol Alfalfa-brome (hay) 3.5T/A;-pasture (bluegrass)- 90 AUD.
6-12% Aol Alfalfa-brome (hay) 3.0T/A;=pasture (bluegrass)- 80 AUD.
12-20% Aol Alfalfa-brome (hay) 2.5T/A;-pasture (bluegrass)- 70 AUD.
WILDLIFE HABITAT SUITABILITY
Potential for -~ Potential for=-
Phases of . wild Hardwood . Wetland Shallow
Series SGr:m and Grasses, Herbaceous | Trees and Conllferous Food and Water O“?Ael:i?[nd ww?_igiind X/"?ltla‘nd
eed Crops | Legumes Plants Shrubs Plants Cover Devel.. idiite Hidlile ildlife
2-6% Good Good Good Good Good Poor V. Poor || Good Good V. Poor
6~127 Fair Fair Good Good Good V. Pood V. Poor || Fair Good V. Poor
12-20% Poor Fair Good Good Good l V.Poorl V. Poorll Fair | Goad lv Poon
WOODLAND SUITABILITY
" Phases of Ordi- Potential Product‘ivity . Wocdla?nd Lianagexnent.ﬂazards Suitable Species Other
Series nation Important Site Erosion Equipment Seeding Plant To Favor To Plant
Trees Index Hazard Limitations Mortality Competition
2-12% 2d1 | sugar MH Slight | Slight Slight | Slight sugar red pine
1 d ; maple,red hi
mapie, Ie oak ,white| Wite
oak, bass- k11 oht pine pine :
. Blig on
‘ﬁ’ggg’“’hlte N&E slopes|. .
12-20% 2d2  ired pine Moderate| Moderate Hod. on red pine
RANGE S&W slopes.
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (Ib./ac.)
'
WINDBREAK |
Tree Height Prediction Relative
Group Adapted Trees to Plant at 20 Years Age Vigor
OTHER
usoRTCTLIHCOLE, WETR, 1974

7
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U. S. DEPARTMENT OF AGRICULTURE SERIES Kidder
. SOIL CONSERVATION SERVICE STATE Wisconsin

SOIL SURVEY INTERPRETATIONS MLRA 1-95

Loamy soil,v 20 to 40 inches thick, over calcareous sandy loam till. These are well drained, gently sloping
to steep, moderately permeable soils with medium available water capacity. :

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Majo es . Coarse | Percentage less than 3 inches . Avail. Soil Shrink
Sojilr Classification Fract. Passing Sieve No.~- LL PI PZE::; Water Reac- Swell
Horizons USDA . 23 in. ) . Capac, tien Poten-
(inches) Texture Unified | AASHO % 4 10 40 200 in./hr. in. /in. oH tial
0-11 1 CL~ML,CL] A-4 - 95~ 85- 75~ 55— 20-30 5-1010.6— .16~ 6.6- | Low
100 95 85 65 2.0 .20 7.3
11-28 scl s5C A-6 - 95~ | 90- 65— 35~ 125-35 {10-15{0.6 14~ 6.6~ |Mod.
100 100 75 45 2.0 .18 7.3
28-60 sl 5M,SM~SC| A~2,A~4 10 85—~ | 80— | 60~ 30~ |10-20 2-6 {2.0- .08~ 7.4~ |Low
95 90 70 40 6.0 .12 8.4

logi :
Flooding: None Hydrologic group: B

Depth to water table:  »5 feet Depth to bedrock: >5 feet

Corrosivity ~ uncoated steel: Tow Corrosivity - concrete: [

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

~18Uhsoil — falir, moderate sarink—swell potential, stabilit i . - H
Roadrilt] SUBSOLL o Taits, mo P R v and bearing value. Substratum - good;

Sand Poor - pockets of poorly graded sand in substratum in some places.

Gravel |Poor ~ pockets of poorly graded gravel in substratum in some places.

Topsoil|qyrfare = onnds +hin_  Quhgnil = Ffaire gand: eponv in nlacen R N

DEGREE AND KIND OF LIMITATIONS
Keptic Tank Filter Fields — Slight on 0 to 6% slopes; moderate on 6 to 127 slopes; severe on steeper soils.

Sewage Lagoons _ goyeye ~ substratum is moderately rapidly permeable; stony in places.

{Shallow Excavations gijoht for 0 to 6% slopes; moderate for 6 to 20% slopes; severe for steeper soils.

Pwellings:
With Basements

Without Basements % Slight for 0 to 6% slopes; moderate for 6 to 20% slopes; severe for steeper soils.

[Sanitary Landfill g3ight on 0 to 6% slopes; moderate on 6 to 12% slopes; severe on steeper soils.

Local Roads and Streets  gljght for 0 to 6% slopes; moderate for 6 to 20% slopes; severe for steeper soils.

Potential Frost Action: Low

MAJOR SOIL FEATURES AFFECTING SELECTED USE

Pond Reservoir Areas  Mudeyate permeability through subsoil; moderately rapid permeability in substratum.

Embankments, Dikes, and Levees — Subsoil — fair stability and compaction; semipervious. Substratum - fair
stability and compaction; pervious; piping hazard
Drainage of Cropland and Pasture -~ Drainage is adequate.

Irrigation  Medium available water capacity; deep soil; moderate water intake rate; sloping.

Terraces and Diversions Sandy loam substratum.

Grassed Waterways -~ Sandy loam usbstratum.

Golf Course Fairways - TFavorable up to 12% slopes: other soils too steep.
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DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES
Camp Areas Slight on O to 6% slopes; moderate on 6 to 12% slopes; severe on steeper soils; erosive
an.slopes: stonyr in places . i
Picnic Areas Slight on O to b% slopes; moderate om 6 to 12% slopes; severe on steeper soils; slightly
. drouthys erosive on.slopesy stony in places §
Playgrounds Moderate on 2 to 6% slopes; severe on steeper soils; erosive on slopes; slightly drouthy;
may. he ernsive - -
Paths and Tralls| Slight on O to 127 slopes; moderate on 12 to 20% slopes; severe on steeper soils; erosive
on slopes: stony in places. :

CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management) pYy
Phases of Capabilit Soil Loss Corn Corn Oats :
Series apa YT KT T brain(bu) [silage(T) (bu}
A 0-2% Iisl .32 3 100 13 70
B 2-6% IIlel 100 13 70
c 6—1_2% IIllel 85 11 65
D 12-20% Ivel 75 9 60
E 20-30% Viel - - -
PASTURELAND AND HAYLAND
Ph;:::g“ Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
A,B,C 0-12% Aol Alfalfa-brome hay - 4 T/A; pasture (bluegrass) - 150 AUD
D 12-20% Aol Alfalfa-brome hay - 3 T/A; pasture (bluegrass) = 120 AUD
E 20-307% Arl Alfalfa-brome hay - 2.5 T/A; pasture (bluegrass - 100 AUD
WILDLIFE HABITAT SUITABILITY
Potential for«-~ Potential for-=
Phases of wild Hardwood Wetland Shallow
Serles Grain and Grasses, Herbaceous | Trees and Coniferous Food and Water Openland | Woodland Wetland
Seed Crops | Legumes Plants Shrubs Plants Cover Devel. Wildlife Wiidlife Wwildlife
A,B 0-6%Z | Good Good Good Good Good V. poor | V. poor || Good Good V. poor
C 6-127 | Fair Good
D 12-20% | Poor Fair
lLE 20-307 [ V. poor | Poor ! 1 { g

WOODLAND SUITABILITY

Potential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi- ; T
Serie t1 Important Site Erosion Equipment Seeding Plant To Fav To Plant
el.- 8 natlon Trees Index Hazard Limitations Mortality Competition or o an
A,B,C 301 red oak M Slight Slight Slight Slight red oak |wh. pine
0-12% bl. oak wh. ash |red pine
D,E Jwh. ash Moderate [Moderate Mod. S&W |Slight
12-30% wh. oak S1. N&E
hickory
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (Ilb./ac.)
- WINDBREAK
. - Tree Height Prediction Relative
d
Group Adapted Trees to Plant at 20 Years Age Vigor
OTHER
USDA-5CS-LINCOLN, NEBR. 1974 1/

=/ yields of fine sandy loam are lower than those given
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Appendix A. (Contd.)
U. S. DEPARTMENT OF AGRICULTURE SERIES McHenr -

SOIL CONSERVATION SERVICE : STATE Wis i
SOIL. SURVEY INTERPRETATIONS 1/ MLRA 95

Well drained, nearly level to moderately steep soil, 30 to 40 inches thick, over calcareous sandy loam
glacial till. The surface 15 to 30 inches is silty. These soils are moderately permeable and have

high available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Major Classification Coarse | Percentage less than 3 inches Permea- Avail, Soil Shrink
Soil >F3ra'ct. Passing Sieve No.=~ LL PI bility CWaler !tx.eac- pS»:'ell
Horizons USDA ce: in. . apac. ion oten-
(inches) Texture Unified | AASHO % 4 10 40 200 in./hr. in./in. oH tial
0-13 sil ML A-4 - 100 100 85- 70- {25-35| 1-4 [0.6-2.0 1.22-.24} 6.6— [Low
95 80 7.3
13-30 cl CL A-6 - 100 95~ | 90- 75~ 30-40 {15-25 0.6-2.0 |.16-.18} 5.1~ Moderate
100 100 85 5.5
30-60 sl SM A-2 1-5 80— 70~ | 60~ 25- |10-20] 1-4 ©0.6-2.0 |.11-.13} 7.9— |Low
90 80 70 35 8.4

Flooding None Hydrologic group: B

Depth to water table: More than 5 feet Depth to bedrock: More than 5 feet

Corrosivity - uncoated steel: Low Corrosivity - concrete: Low

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfill] Good

Sand Poor - pockets of poorly graded sand and gravel in substratum.

Gravel Toor v pockeis of peciiy sraded cend and gravel in cubefyvatum

[TUHsull Fails = ildlu. ’ H

DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

feptic Tank Filter Fields S1light for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.

Sewage Lagoons Moderate — moderately permeable substratum.

[fhallow Excavations g3i0nt for 0 to 6% slopes; moderate for 6 to 127 slopes; severe for steeper soils.

Dwellings:
With Basements ) Slight for O to 6% slopes; moderate for 6 to 12% slopes;
Without Basements) gevere for steeper soils.

jSanitary Landfill Slight for O to 12% slopes; severe for steeper solls.

Local Roads and Streets  g1joht for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.

Potential Frost Action Low

MAJOR SOIL FEATURES AFFECTING SELECTED USES

\

Pond Reservoir Aréas  yaderate permeability; well drained.

Embankments, Dikes, and Levees Medium to low shear strength, compressibility, and compacted permeability;
substratum = fair to geood compaction

Drainage of Cropland and Pasture Drainage adequate

Irrigation  High available water capacity; moderate permeability.

Terraces and Diverslons  Nearly level to moderately steep; loamy; moderate permeability.

Grassed Waterways Toamy; high available water capacity.

Golf Course Fairways: Moderate permeability; silt loam surface; nearly level to steep soils.

1/ Use in conjunction with Guide to Soil Survey Interpretation Sheets.
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Series McHenry

DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas 'Slight for 0 to 6% slopes; moderate for 6 to 12% slopes} severe for steeper soils.

Picnic Areas SIlight for 0 to 6% slopes; moderate for 6 to 127 slopes; severe for steeper soils.

Playgrounds Slight for 0 to 2% slopes; moderate for 2 to 6% slopes; severe for steeper soils.

Paths and Trails Slight for O to 127 slopes; moderate for steeper soils.

CAPABILITY, SOIL-LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of Capability Soil Loss| Corm (_:om
Series K T grain silage Oats
(bu) (T) (bu)
0-2% I-4 37 | 4 105 18 75
2-6% IIel 100 17 70
6-127% I1Xel 90 15 70
12-20% Ivel 80 13 65

PASTURELAND AND HAYLAND

Pléaesrieessoi Group Species, Yield in AUMs f»or Dryland (Irrigated) Forage Production
0-6% - Aol Alfalfa-brome hay - 4.5 T/A; bluegrass pasture — 150 AUD,
6-12% Aol Alfalfa-brome hay - 4.0 T/A; bluegrass pasture — 130 AUD. ‘
12-20% Aol Alfalfa-brome hay ~ 3.5 T/A; bluegrass pasture — 120 AUD. )
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for-~
Phases of Wild Hardwood e Wetland Shallow
Series SGr:ig and Grasses, Herbaceous | Trees and Conlne:ous Food and Water o“?‘igiifnd W;'olgi.afnd x'e!tdl?'nd
ee rops Legumes Plants Shrubs Plants Cover Devel. i e ildlife ildlife
0-6% Good Good Good Good Good V. poor |V, poor |{Good Good V. poor
6-12% | Fair Good Gond Good Good V. poer | V. ponr liGond Gond V. poor
12-20% Peoar Fair Gond Good Goond V. noor [ V. poor [Fair . Gand V. noer.

WOODLAND SUITABILITY

Potential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi~ - - -
Series atl Important Site Erosion Equipment Seeding Plant To Favor To Plant
b nation Trees Index Hazard Limitations Mortality Competition an
0-67Z | 20l red oak 68 Slight | Slight Slight Moderate fojyred cak |r. pine
6~-12% | 201 white oak Slight | Slight Slight hardwoods |(wh. ash {wh. pine
12-207% | 2rl bl. cherry| Moderate Moderate S1. N&E [Severe for |bl.cherry|wh.spruce
hickory Mod. S&W | conifers
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (lb./ac.)
WINDBREAK
Tree Height Prediction Relative
Group Adapted Trees to Plant . at 20 Years Age Vigor
OTHER
| USDA-SCS-LINCOLN, NEBR. 1974
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U, S. DEPARTMENT OF AGRICULTURE SERIES Nippersink
SOIL CONSERVATION SERVICE STATE

SOIL SURVEY INTERPRETATIONS MLRA ____05 1

106

Well drained, nearly level to sloping soils underlain at 30 to 40 inches by calcareous sandy loam till.
These are medium and moderately fine textured soils with medium available water capacity and moderate

permeability.
ESTIMATED SOIL. PROPERTIES SIGNIFICANT TO ENGINEERING
j e . Coarse | Percentage less than 3 inches . Avail. Soil Shrink
MSaoJi‘;r Classification Fiait. ’ Passing Sieve No.-= LL PI p:;;‘f: . Water Reac~ Swell
Horizons USDA e >3 in. . Capac. tion Poten-
(i::-:lhe :) Texture Unified | AASHO Yo 4 10 40 200 in. /. in./in. PH tial
0-10 [sil ML A-4 - [90-10090-100P0~-100| 85-95 | 30~40| 6-10 {0.6-2.0 {.22~.24]6.1~ Low
6.5
10-34 (el CL 1 A-6 -  [90-100P0-100p0-100} 85~95 | 30-40[13-22(0.6-2.0 |.18-.20{6.1~- |Moderate
‘ : ' 6.5
34-60 (sl SM-SC A-2 1-5 [80~90 [70-80 H0-70 |25-35 | 10-19| 2-6 |2.0-6.0}.11-.13{7.9~ |Low
' 8.4
Flooding None Hydrologic group: B
Depth to water table:  More than 6 ft. Depth to bedrock: More than 6 feet
Corrosivity - uncoated steel: oy Corrosivity - concrete: LOW

SUITARILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE
Roadfill] Good )

Sand Poor ~ pockets of poorly graded sand in substratum.

Gravel | Poor - pockets of gravel in substratum... .

Topsoil| Fajy - thin surface layer.
DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

Septic Tank Filter Fields Slight for 0 to 6% slopes; moderate .on steeper soils. -

Sewage Lagoons Severe — moderately rapid permeability in substratum.

[fhallow Excavations gljght for 0 to 6% slopes; moderate for steeper soils.

[Dwellings:
With Basements )

Slight for 0 to 6% slopes; moderate for steeper soils.
Without Basements )

[Sanitary Landfill
i Slight

Local Roads and Streets  g1ight for 0 to 6% slopes; moderate for steeper soils.

Potential Frost Action
Low

MAJOR.SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas  Moderately rapid permeability in substratum.

Embankments, Dikes, and Levees .45 ,m to Jow shear strength and compressibility.

Drainage of Cropland and Pasture Not applicable.

[rrigation Medium available water capacity; moderate permeability.

‘Terraces and Diversions Moderate permeability.

Grassed Waterways  ya13 drained; medium available water capacity.

Golf Course Fairways - Well drained; moderatély permeable.
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Appendix A. (Contd.)

DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas Siight for O to 6% slopes; moderate for steeper soils.

Picnic Areas Slight for O to 6% slopes; moderate for steeper soils.

Playgrounds Slight for 0 to 2% slopes; moderate for 2 to 6% slopes; severe for steeper soils.
Paths and Trails Slight.

CAPABILITY, SOIL L.OSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of . Soil Loss Cormn Corn Qats
Series Capability K T grain (b)isi 198;:(’1"\ (bu)
0-2% I-4 .321 4 105 18 75
2~6% IIel 100 17 70
6-12% IIIel 90 15 65

PASTURELAND AND HAYLAND

Pl;a:-ieessof Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
0-6% Aol Alfalfa-brome hay - 4.5 T/A; pasture (bluegrss) - 150 AUD.
6-127 . Aol Alfaifa-brome hay ~ 4.0 T/A; pasture (bluegrass) - 120 AUD.
WILDLIFE HABITAT SUITABILITY
Potential for«~ Potential for--
Phases of . wild Hardwood . Wetland Shallow ,
" Series qGram and Grasses, Herbaceous | Trees and Conleext-ous Food and Water C:";’u.el:i?fnd W“;).cigi?nd WVetIa.nd
Seed Crops Legumes Plants Shrubs Plants Cover Devel. tidiide ! fe Wildlife
0-6% Good Good Good Good Good V. poor | V. poorxj| Good Good V. poor :
6-12% Good Good Good Good Good V. poor | V. poorj] Good Good V. poor
I | l |
i i i +

WOODLAND SUITABILITY

. Potential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi- - - T :
Serie L1 Important Site Erosion Equipment Seeding Plant To Favor To Plant
eries nation Trees Index Hazard Limitations Mortality Competition © an
0-12% 201 |red oak red oak Slight Slight Slight Slight red oak red pine
sugar 60-70 sugar wh. pine
maple maple :
basswood i
white ash
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (lb./ac.)
WINDBREAK
.. ' Tree Height Prediction Relative
dapt
Group Adapted Trees to Plant at 20 Years Age Vigor
OTHER

USDA-SCS-LINCOLN, NEBR. 1974
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U. S. DEPARTMENT OF AGRICULTURE SERIES __ St. Charles
SOIL CONSERVATION SERVICE STATE ___Wisconal
SOIL SURVEY INTERPRETATIONS MLRA 95 L

Well drained, deép silty soill, 40 to 60 inches thick, over calcareous sandy loam till. These soils
are nearly level to steep, moderately permeable, and have a high available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

e | oo [ | et | e | Al | | o
g:;‘:::)‘ T‘:’S‘S}‘:‘e Unified | AasHo |73 ;:" 4 10 40 200 in. /hr. ?:p/"i: ';:‘“ P:’i:“'
0-13 sil ML A-4 - 100 95-10990—100 85-95120-~30 2-4 10.6-2.0].18~.22 Sé?g Low
13-52 sicl CL A~6 - 100]95-10090-10d 85-95,30-40 | 15-20{0.6-2.0},18-.2( 5.6~ Moderate)
52-62 1 CL,CL-Ml} A~4 0-1 |90~10080-90 [{70-80 | 60~70 {20-30 5-1010.6~2.01.16~.20 6?6(-) Low
© 62-70 §1 SM A-2 1-5 190-100880-90 p0-70 | 30—40 {10-20 2-4 [0.6-~2.0}.10-.13 7;9.;3 Low
Flooding None Hydrologic group: g
Depth to water table: More than 5 feet ' Depth to bedrock:  More than 5 feet
Corrosivity - uncoated steel:  Low Corrosivity - concreter Loy

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfillj Fair - low strength; medium compressibility.

Sand | Poor - pockets of poorly graded sand in the substratum.

Gravel |poor - pockets of graded gravel in the substratum.

Topsoll| F4iy ~ thin surface layer.

DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

feptic Tank me” Fields Slight for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.

fe‘"age Lagoons Mederate -~ subsoil has moderate permeability; substratum has moderately rapid permeability.
severe for steeper soils.

[shallow Excavations gjjoht for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.

Dwellings:

With Basements ) . .
Without Basements) Slight for 0 to 6% slopes; moderate for 6 to 127 slopes; severe for steeper soils.

[Sanitary Landfill
phary Lan Slight for O to 6% slopes; moderate for 6 to 127 slopes; severe for steeper soils.

Local Roads and Streets  Modorate for 0 to 12% slopes; severe for steeper soils; low strength; subsoil has
moderate shrink-swell potential,

Potential Frost Action
Moderate ~ strong capillary action

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas Moderate permeability.

Embankments, Dikes, and Levees  yoqiyn to low shear strenth and compressibility; moderate permeability.

Drainage of Cropland and Pasture Ngt applicable.

#6 ] o 108

Irrigation High available water capacity; moderate permeability.

Terraces and Diversions  gy,h00 range from 0 to 30%; moderate prmeability.

Grassed Waterways Well drained.

Golf Course Fairways - Slopes fange from 0 to 30%; moderately permeable.
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Series St, Charles
DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES
Camp Areas Slight for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.
Picnic Areas Slight for 0 to 6% slopes; moderate for 6 to 127% slopes; severe for steeper soils.
Playgrounds ' Slight for 0 to 2% slopes; moderate for 2 to 6% slopes; severe for steeper soils.
Paths and Trails| Slight for 0 to 20% slopes; severe for steeper soils.
CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)
Phases of Capabilit Soil Loss| Corn Corn Oats
Serles P Y™K [ T grain (bulsilage (T (bu)
0-2% i-3 3714 135 21 90
2-6% IXel 125 19 80
6-12% I1Iel 110 17 75
12-20% IVel 95 13 70
20-30% Viel - - -
' PASTURELAND AND HAYLAND
Pl::r::s“ Group Specles, Yield in AUMs for Dryland (Irrigated) Forage Production
0-6% Aol Alfalfa-brome hay - 5.0 T/A; pasture (bluegrass) - 150 AUD.
6-20% Aol Alfalfa~brome hay - 4.0 T/A; pasture (bluegrass) - 100 AUD.
20-30% Arl Alfalfa-brome hay — 3.0 T/A; pasture (bluegrass) ~ 100 AUD.
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for-~
Phases of wild Hardwood Wetland Shallow
Sertes SGrzln and | Grasses, Herbaceous | Trees and Conllfe:ous Food and Water O;ﬂ:;;nd W;ﬁii;ﬂd :’I:;;;;d
ced Crops | Legumes Plants Shrubs Plants Cover Devel) © € €
0-6% Good Good Good Good Good V. poor { V. poor || Good Good V. poor
6~20% Fair Good Good Good Good V. poor { V. poor §i Good .Gond V. poer
20-30% Poor Poor Fair Fair Fair 1 V. poor | V. poor || Good Good V. poor
WOODLAND SUITABILITY
Potential Productivity Woodland Management Hazards Suitable Species Other
Ph;:f: of O:;:H- Important Site Erosion Equipment Seeding Plant To Favor | To Plant
ries nation Trees Index Hazard Limitations Mortality Competition M an
0-12% 1s1 ] red oak . | red oak |Slight Slight Slight Slight red oak |red pine
12-3072 sugar 70+ Moderate | Moderate |S1. N&E S1light sugar wh. pine
maple Mod. S&W maple wh.
blk. spruce
cherry
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (ib./ac.)
WINDBREAK
Tree Height Prediction Relative
Group Adapted Trees to Plant st 20 Years Age Vigor
OTHER
»I)SDA-&C!—L!NCOLK. NEBR, £914




Appendix A. (Contd.)

U. S. DEPARTMENT OF AGRICULTURE sErigs Marsh
SOIL CONSERVATION SERVICE srape Wisconsin

SOIL SURVEY INTERPRETATIONS 2/ MLRA

Miscellaneous land areas that are inundated most of the year and includes flowage margins, sloughs and very
shallow lakes.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

Ma jor e Coarse | Percentage less than 3 inches .| Avail. Soil Shrink
Soil Classification Fract. Passing Sieve No.-- LL PI p;;‘;f; Water Reac- Swell
Horizons USDA . >3 in. . . Capac. tion Poten~
ified | AASHO 4 10 40 200 in. /hr. .. .
(inches) Texture Unifie o for in./in. pH tial |
|

- - - IVARFABLE |- - -

Flooding Standing water most of year Hydrologic group: -

Depth to water table: Surface : Depth to bedrock: Over 5 feet

Corrosivity - uncoated steel: Variable . Corrosivity - concreteVariable
SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfill| Unsuitable - Ponded most of year; low stability and bearing capacity.
Sand Unsuitable - No sand.

Gravel | Unsuitable - No gravel.

'ro,nsni{'u Unsuitable :‘Ponciedmos{gf year. T |
DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

Peptic Tank Filter Fields yory Severe - nearly continuous high water table - usually flooded.

Sewage Lagoons .
Very Se'vere - nearly continuous high water table - usually flooded.

{Shallow Excavations X .
Very Severe - nearly continuous high water table - usually flooded.

IDwellings: . -
With Basements YETY Severe - nearly continuous high water table - usually flooded. : |
|

Without Basements Very Severe - nearly continuous high water table - usually flooded.’ : i

Panitary Landfill Very Severe - nearly continuous high water table - usually flooded.

ds and St . .
local Roads and'Streets  yeory gevere - nearly continuous high water table - usually flooded.

Potential Frost Action High

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas Flooded most of year. N |

Embankments, Dikes, and Levees  Variable characteristics; flooded most of year.

£ d and t . .
Drainage of Cropland and Pasture yo¢ foasible or applicable.

[rrigation Not feasible or applicable,

Terraces and Diversions

Not feasible or applicable.

Grassed Waterways Not feasible or applicable.

1/ Use in conjunction with Guide to Soil Survey Interpretation Sheets.




Series Marsh

Appendix A. (Contd.)

DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas
Very Severe - flooded most of the year.

Picnic Are:
cnic freas Very Severe - flooded most of the year.

1 d .
Flaygrounds Very Severe - flooded most of the year.

Paths and Trails
aths ane 2 Very Severe - flooded most of the year.

CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of . Soil Loss
Serles Capability K T
A - 0-2% VIIIwlS | - -~ | Not suitable for drop produdtion.
PASTURELAND AND HAYLAND
P}:eif:SOf Group Species, Yield in AUMs for Dryland (Irrigated) Forage Production
A - 0-2% Not suitable.
WILDLIFE HABITAT SUITABILITY
Potential for~=- Potential for-~
Vild d d Wetland hall
Phas'es of Grain and Grasses, Wil Hardwoo Coniferous etian § .a oW Openland | Woodland Wetland
Series Seed C L Herbaceous | Trees and Plant Food and Water Wildlife Wildiif Wildlif
ee rops €gumes Plants Shrubs ants Cover Devel. Hal : € Hdiite
A - 0-2%]| Very Very Very Very Very Good Good Poor Poor Good
puuL pour poos j poor pour ! !
L ! 1 | ]
WOODLAND SUITABILITY
. Potential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi- n T T 7
Serie €1 Important Site Erosion Equipment Seeding Plant To Fav To Plant
ries nation Trees Index Hazard Limitations Mortality Competition oF o Fran
A - 0-2%|6wS .| None - None - - - None Not
suitable
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (Ib./ac.)
WINDBREAK
Tree Height Prediction Relative
d.
Group Adapted Trees to Plant at 20 Years Age Vigor

OTHER




Appendix A. (Contd.)
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U. S. DEPARTMENT OF AG}'QICULTURE SERIES Fox

SOIL CONSERVATION SERVICE sTATE _ Wisconsin

SOIL SURVEY INTERPRETATIONS mLra 95

Well drained loamy soils underlain by calcareous sand and gravel at 20 to 40 inches. These are nearly 1evél

to steep moderately permeable soils with medium available water capacity.

ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING

el | classincation Comree e iens S inenes [ T Tpemen | 450 | e | Soen
f::‘::;‘)s T‘:ia’:‘e Unified | AasHo |3 ;“ 4 10 40 200 in./hr. f:p/“:‘ ‘;:{“ Pt"i‘:l‘"
0-11 }sil ML,CL~ | A-4, - l95~10095-100185-95 | 80-9Q | 25-35| 5-10[0.6-2.0].20~.22}5.6= |low

v ML A-5 . 6.5

8-36  {scl SC A-6 - lso-10d85-95 |70-80 | 40-50 | 30-39|13-22]0.6-2.0|.16-.18} 5.6~ |Moderate
34-60  |s&g  [GN-GM |A-1 0~5 |70-80 |50-70 [30-40 | 5-10| - |NP  16.0-20 {.02-.04 7;é§ Low

Flooding None Hydrologic group: B

Depth to water table: More than 6 feet Depth to bedrock: More than 6 feet

Corrosivity = unceated steel: Low Corrosivity « concrete: Low

SUITABILITY OF SOIL AS SOURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE

Roadfilll Fair - subsoil; substratum good.

Sand Fair — large amount of gravel.

Gravel Fair - large amounts of sand

|Topsoil] Fair - silt loam surface 11 inches thick. :
) DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

eptic Tank Filter Fields Slight for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils;
danger of ground water contaminatiom.

Bewage Lagoons Severe -~ rapid permeability in substratum.

rha“"w Excavations yoderate for 0 to 127 slopes; severe for steeper soils; substratum soughs easily.

Dwellings:
With Basements Slight for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.

Without Basements Slight for O to 6% slopes; moderate for 6 to 127 slopes; severe for steeper soils.

ra““a’y Landfill goyere - sand and gravel at 20 to 40 inches; danger of ground water contamination.

Local Roads and Streets Moderate for 0 to 12% slopes; severe for steeper soils; moderate shrink-swell potential.

;

Potential Frost Action ILow

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas Rapid permeability in substratum.

Embankments, Dikes, and Levees  Medium shear strength and compressibility in subsoils; high shear strength and
low compressibility in substratum

Drainage of Cropland and Pasture Not applicable

Irrlgation  Medium available water capacity; 20 to 40 inch sola.

Terraces and Diverslons  Sand and gravel at 20 to 40 inches.

Grassed Waterways  Sand and gravel at 20 to 40 inches.

Golf Course Fairways. o to 307 slones:.well drained; moderate permeability.




Series Fox Appendix A. (Contd.)

. DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas Slight for 0 to 6% slopes; moderate for 6 to 12% slopes; severe for steeper soils.
Picnic Areas S1ight for 0 to 67 slopes; moderate for 6 to 12% slopes; severe for steeper soils.
Playgrounds Slight for 0 to 27 slopes; moderate for 2 to 6% slopes; severe for steeper soils.

Paths and Trails | SIight for O to 207 slopes; moderate for steeper soils,

CAPABILITY, SOIL L.OSS FACTORS, AND POTENTIAL YIELDS--(High level management)

Phases of Capability Soil Lossl Corn Corn Oats
Series K T lgra'[n (bu)silage(T) (bu)
0-2% IIsl 371 3 90 13 75
. 2-67 IIe2 . 85 13 70
6-12% IIIe2 80 11 65
12-20 Ive2 70 9 60
20-30% Vie2 - - - 45
PASTURELAND AND HAYLAND
P}:e‘:f:s‘)f Group Species, Yield In AUMs for Dryland (Irrigated) Forage Production
0~-20% Aol Alfalfa-brome hay - 3.0 T/A; pasture (bluegrass) - 105 AUD.
20-307 Arl Alfalfa-brome hay -~ 2.0 T/A; pasture (bluegrass) - 80 AUD.
WILDLIFE HABITAT SUITABILITY
Potentfal for-=- ) Potential for--
Phases of . wild Hardwood . Wetland Shallow
Serles Grain and Grasses, Herbaceous | Trees and Coniferous Food and Water Op.enlland Woodlfxnd W.etla.nd
Seed Crops | Legumes Plants Strubs Plants Cover Devel. Wildlife Wildlife Wildlife
0-67% Good Good Good Good Good V. poor |V, poor || Good Good V. poor
6—ZOZ= Fair Fair Good Good Good V. poor |V. poor || Fair Good V. poor
20-30% Poex IPC:: Faiv Sood ‘Guod V. pour j V. poor | rair Good V. poor |

| | | 1 I J
WOODLAND SUITABILITY .

. Potential Productivity Woodland Management Hazards Suitable Species Other
Phases of Ordi= n n T T
Serie tio Important Site Erosion Equipment Se¢eding Plant To Favor To Plant
ries nation Trees Index Hazard Limitations Mortality Competition ° an
0-12% 2d1l  |{red oak red oak Slight | Slight Slight Slight red oak |[red pine
} white oak | 60-70 sugar white pine
12-30% 242 - sugar Moderatel Moderate {S1., N&E |[Slight maple
maple Mod - S&W
RANGE
Phases of Series Range Site Name Climax Vegetation and Productivity of Air-Dry Herbage (Ib./ac.)
p .
WINDBREAK
Tree Height Prediction Relative
d
Group . Adapted Trees to Plant at 20 Years Age Vigor
OTHER
USDA-SCS-LINCOLN, NEBR. 1973 :
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) - V%;%iilsiltblgam
U. S. DEPARTMENT OF AGRICULTURE series BF2VeLly subs ﬁ%"
SOIL CONSERVATION SERVICE state _Wisconsin
1
SOIL SURVEY INTERPRETATIONS 1/ MLRA _b 95
Deep, silty nearly level and gently sloping soils 36 to 60 inches thick over
calcareous sand and gravel., Somewhat poorly drained. Moderately slowly permeable with
high available water capacity,
ESTIMATED SOIL PROPERTIES SIGNIFICANT TO ENGINEERING
Major PU Coarse | Percentage less than 3 inches _ | Avail. Soil Shrink
Soil Classification Fract. Passing Sieve No.-- LL PI P;:::,-; Water Reac- Swell
Horizons USDA . >3 in. Capac. | tion Poten-
(nches) | Texture | Unified | AASHO % 4 10 40 200 in. /hr. in. fin. o tial
0-13 Sil CL or ML A-k - 100 100 _{90-100 80-90{20-30| 1-5 0.6-2.0 {,18-.22 5.1-7.3 Low
13-L9 Siel | CL A-6 - 100 P5-100{ 90-100 85-95| 30-40{15-20 {0.2-0.6 [.16~.20{5.1-6.0 Moderats
¢ !
L9-60 '8&G sP A-1 | 1-5 B5-100{ 85-95| 20-30f 1-5 - ¥ 16.0-20. 1.12-.13]7.9-8.4 Low
Flooding? Rare Hydrologic group: B
Depth to water table: (seasonal) 1 to 3 rt. Depth to bedrock: more than 5 ft,
Corrosivity - uncoated steel: High Corrosivity = concrete: LOW

SUITABILITY OF SOIL AS SQURCE OF SELECTED MATERIAL AND FEATURES AFFECTING USE
Roadrint] RHPSOLT = Poog%m_zd1 sh?%g%?§¥§iluggtentiaipéggﬂ;ow bearing value; unstable when wet,

ubstratum - r: low ess_oont .
Sand Poor - substratum is poorly graded sands with some fines: thick overburden.
Gravel I Unauttohls substratum ceontadinc l1ittlic gravel of commercial valuc. {
Tosou]burlace =~ good; dark; ThicK; medium CeXture, Subsoll = rair; mod. Ting Lexture; ]
P seasopal high %ater fables

DEGREE AND KIND OF SOIL LIMITATION FOR SELECTED USES

Feptic Tank Filter Fields .
SEVERE - seasonal high water table,

pevage Lagoons MODERATE en 0 to 6%; SEVERE on steeper slopes;
moderately slow permeability. '

Fhallow Excavations

SEVERE - seasonal high water table, 1 to 3 f%.

PDwellings:
With Basements SEVERE - seasonal high water table 1 to 3 f%.

Without B t
thout Basements MODERATE - seasonal high water table 1 to 3 ft.

anitary Landfill
SEVERE ~ seasonal high water table; difficult to work iIn wet seasons;
partial amelloration of leachate

LLocal Roads and’ Streets
SEVERE - high frost action.

_|Potential Frost Action HIGH - seasonal high water table, 1 to 3 ft.; strong capillarity

MAJOR SOIL FEATURES AFFECTING SELECTED USES

Pond Reservoir Areas Moderately slow permeability through subsoil; sand and gravel

gﬁgéﬁ§atum:bsea§ona% piz? wateg t%ble:iguvoué ponds I - St St

- subso ~ fajir ood, s nd compaction characteristiics

Emb“mmems'bme“a"dmecssgmlpe;vigus: éubstra%um—?a%r stab%?i%y ¥ #5dr 20P886 compactgon ¢
CHaraceeETI5TITY Very CTVIOUST

D“hmge°fcmph“da"dPa“meModgggge%gn§%g§;pg£§e§§}%ity; seasonal high water table; subsurface op

S

Irrigatlion High available-water capacity; moderately deep soll; moderate water
intake rate; somewhat poorly” drained.

Terraces and Diverslons Sand and gravel at 20 to 40 inch depth.

Grassed Waterways Wetness may hinder construction; use water tolerant grasses.

Golf Course Falrways Seasonal high water table; very low relief; turf easily damaged when
wet|.

1/ Use In conjunction with Guide to Soil.Survey Interpretation Shee.ts.
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DEGREE OF SOIL LIMITATION AND MAJOR FEATURES AFFECTING RECREATION USES

Camp Areas

MODERATE -~ sites remain wet for moderate periods;

surface compacts easily.

Picnic Aress

MODERATE ~
during wet

seasonal high water table; heavy foot traffic may damage sod
SEASONS

Playgrounds MODERATE - seasonal high water table; compactseasily when wet,
Paths and Trails | JODERATE - wet for moderate periods; muddy and slippery when wet; erosive on
: slopes,
CAPABILITY, SOIL LOSS FACTORS, AND POTENTIAL YIELDS--(High level management)
Phases of Capability LSOl Loss cgrn Oats
Serles BpabY YT T |CGrain(bu)sSilage(T) (bu)
0 - 2% IIw=2 350 4 130 21
2 - 6% IIw-2 [,35] 4} 125 20 :
, PASTURELAND AND HAYLAND
P}::_;:s“ Group Specles, Yield in AUMs fc:r Dryland (Irrigated) Forage Production
0 ~ 22 Bwl Alfalfa - brome (hay) 5.2 T/A; pasture (bluegrass) 170 AUD.
2 - 6% " 5.8 T/A; " 165 AUD.
WILDLIFE HABITAT SUITABILITY
Potential for-- Potential for-~
Phases of Wild Hardwood Wetland Shallow
Series Sgrgig and . E:assees, Herbaceous | Trees and Cc;xllfe:ous Food and Water pr;el;xi;nd Wo.c;‘cjlland Weﬂa.nd
e rops gumes Plants Shrubs ants Cover Devel. . e Wildlife Wﬂdhfe
| 0 - 6% Fair IGood ‘ Good Good Good Fair - Fair Good - Good Fair
L I l | | | |
WOODLAND SUITABILITY
. Potential Productivity Woodland Management Hazards Suitable Species Other
P!;aesr;ssof ng:;’: Important Site Erosion Equipment Seeding Plant To F 1
= Trees Index Hazard Yimitations Mortality Competition °, aver Teo Plant
2 - 6% 301 |Red oaks M Slight |Slight Slight | Moderate | Red and |Wh.pine
Wh. oak ; i Silver |Wh.spruge
6 - 127 Aspen M Slight [ Slight S1ight |- Moderate Maple - |Soft
Cherry i maples
Soft maples
RANGE
Phases of Series

Range Site Name

Climax Vegetation and Productivity of Air-Dry Herbage (Ib./ac.)

WINDBREAK

Group

Adapted Trees to Plant

Tree Height Prediction

at 20 Years Age

Relative
Vigor

OTHER

USDASCS-LINCOLN, NEBR, 1974
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Sample Descriptions—--Well Logs

$#1 - 5 feet Gray-black, sandy, clayey soil with large
pebbles. High organic content.

#1 - 10 feet Tan-brown, clayéy sand. Fine to very fine
sand. angular, fair sorting. Some
black organic clayeys are found within the
sample.

#1 - 15 feet Poorly sorted sand. Sub-angular, various

sized sand grains are found. Black
‘organic clays bind sediment together.
Some sand grains are well rounded, others
are not. 90% of grains appear to be
quartz. Some pebbles are found in the

sample.

#1 - 20 feet Mottled, clayey silt. Tan-brown color.
Grey mottled clays found dispersed in
material.

#1 - 25 feet Tan-brown, unconsolidated sand. Little

clay, good Sorting, Vvery roundinyg, yood
sphericity, excellent rounding. Medium
size sand.

#1 - 30 feet ~ Yellow-brown sand. Brown-black clay
pellets, almost 100% quartz except for the
clay. Good sorting, good sphericity,
excellent rounding. Medium size sand.

#1 - 37 feet ~ Gray-brown, clayey sand. Good rounding,
good sphericity, good sorting. Organic
clays found within material. Binds clays
together.

#4 - 10 feet Sub-rounded, medium sand. Some clay is

within - binds some particles. Brown
color. Fairly good sorting.

#4 - 15 feet Dark brown, clayey sand. Very fine sand.
Everything else is the same as #29 - 27
feet.

#4 - 20 feet Brown sand. Fair amount of clay. Good

sorting, good sphericity, good rounding,
almost 100% quartz. Few grains of black
minerals.




45

#5

#5
#5

18
48

#8

#11
#11
#11

#11

#11°

#11

$#11

#13

#13
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15
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feet

feet
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feet

feet

feet
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feet
feet

feet

"feet
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feet
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117

Same as #5 - 15 feet, but the sample has
more pebbles in it.

Poorly sorted sand. Sub-angular, various
sand grains are found. Black organic
clays bind sediment together. Some sand
grains are well rounded, others are not.
90% of grains appear to be quartz. Some
pebbles are found in the sample.

)Same as #5 - 15 feet.

Black, organic, sandy clay. Sand grains
are medium fine size, constitutes about
20% (quartz is major const.). Shell
fragments and gastropods are seen. Large
pebbles are also interspersed.

Same as #8 - 15 feet. .

Same as #8 - 20 feet, except higher clay
content.

Blackish~-gray quartz sand.  Poorly sorted.

Some chert content. Some CaCO3 Fine

sand; subrounded. Orxrganic clavys.

Silty clay. Gray-brown color. No CaCO3.
Pebbly-sandy, brown clay.

Tan, sandy clay.

Pebbly-silty, tan clay.

Gray-brown, silty clay. Less silt than
$#11 - 7 feet.

Greenish-yellow, brown color. Clayey.
Fine sand, fair sorting, good rounding,
fair sphericity, some CaCO3, appears to
be glauconite.

Silty clay. Has CaCO, in it. Tan~brown
color. Some black organic material, but
very little. '

Chocolate brown, clayey sand. Fine to
very fine sand. Sub to well rounded
grains. No CaCO3.

Same as #13 - 6 feet, but higher sand
content. No clay.




#13

#13

#13

#18

#18

#18

#19

#19
#19

19

#19
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Light brown quartz sand. Sub to well
rounded grains. Little clay content.

Fair sorting. Some CaCO3.
Brownish-yellow, unconsolidated sand, some
clay. Poor sorting, good rounding, fair
sphericity. 90% guartz, black minerals,
and other opaque light colored minerals.
Medium fine sand. Small gravel pebbles.
Glauconite pebbles and grains are found.
High CaCO; content.

Brownish-yellow, unconsolidated sand-clay.
Poor sorting, good rounding, fair spher-
icity. 70% quartz, mixed mineralogy.

Fine sand. Pebbles found in the material
include: 1 pebble, well rounded chert; 1
pebble, blocky well cement quartzarenite,
Fe minerals are found within.

Black-gray organic clay. Little or no
sand or silt.

Fine to very fine quartz sand. Sub-
rounded to well rounded grains. Good
sorting. Small amount of blackish clay
in spaces.

Tan-brown quartz sand. Sub-rounded to
sub-angular. 90% quartz. Little clay
content. Medium to fine sand.

Medium sand. Brown color. No clay, gravel

also found in this level. Excellent
rounding and sphericity. Poor sorting.
Most material is medium sand. CaCO, has
very good effervence. 90% quartz.

Gravel and sand at almost even percentage
by weight. Large gravel pieces. \

Very clean medium sand. 100% guartz.
Excellent rounding, sphericity, etc.

Sand like other #19 - medium size.

Tan-brown pumpkin color, unconsolidated
sand. Clay in material. Good sorting,
good rounding, good sphericity. 90%
quartz. 10% black minerals (hornblende?).
Very fine sand. ~




$19

#19

#20

#20
#20
#21

#21
$21
#22

$#22

#22

$#22

#22

#24
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Fine to very fine‘sand. Same as #19 - 40
feet. Some CaCO3.

Greenish, yellow-brown color. Very little.
Fine sand, some clay pellets, 95% quartz.
Good rounding, good sorting, good spher-
icity. Some glauconite may be present.

Organic clay. Tan-brown color, perhaps
mottled. No CaCO,. Some silt, but it
makes up a small Ppercentage.

Light tan silty clay. High in CaCO5.

Same as #20 - 15 feet..
Black, organic, pebbly, sandy clay.

Black, sandy, organic clay. Much higher
organic content than #21 - 10 feet.

Black, highly organic clay. Sand grains
interspersed within material.

Same as #22 - 15 feet, but higher clay
pebble content.

Yellow, almost pure guartz sand. Angular
to subrounded. Some clay pellets, but
these may be contamination. Medium size.
Larger grains are well rounded. Sand is
poorly sorted. No cementing of grains.

Medium to fine sand. Same as #22 - 15
feet, but no clay, some large pebbles are
found.

Brownish-yellow, unconsolidated sand. No
clay, good sorting, good sphericity, very
good rounding. The sand is about 95%
quartz, nondescript black minerals make up
the rest. Medium size sand. Other remarks—
appears to be some cement sand in the
material.

Light brown color, unconsolidated sand.
Very little clay, good sorting, good
rounding, excellent sphericity. 97%
quartz sand. Medium coarse sand.

Light brown, silty clay. Silt is quartz.




#24 -

$#24 -

#25 -

#25 -
- #25 -

p252-
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#26 -

#27 -
#27 -
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Light brown clayey fine sand. Angular.
Good sorting of sand. Some CaCO3,

Fine quartz sand. Yellow-tan color. Sub
rounded, fair sorting. Some gravel is in
the material. High in CaCO5.

Sub rounded to round tan-brown quartz sand.
Fine sand, good sorting.

Tan-brown very fine sand. Poorly sorted,
some well rounded grains, but most grains
are sub-angular.

Brownish-green quartz sand. 25 to 35%
glauconite. No other clays found. Sub-
angular, fine sand.

Dark brown, gquartz sand, some clay. Very

little CaCO3 content.

Tannish-brown quartz sand. Glauconite
pellets found in high percentage. Some
CaCO3.

Brown silty clay. No CaCO3.
Same as #26 = 5 feet, but nigher silt
content.

Tan, clayey quartz sand, same sand, has a
large percentage of pebbles. Little
CaCO3 in it.

Dark tan-brown clayey sand. Fine sand
size, some gravel. Sand is bound into
balls by the clay. Very little CaCO3.

Light tan quartz sand. Medium size.
Good sorting, no clay. Some hornblende in
sand, about 5%. Contains some CaCO3

Light tan quartz sand, little clay.
Medium size, sub-angular, some clay
pellets. High amount of CaCO3.

Brown-black 511ty clay, with some brown
mottling.

Brown silty clay Higher and coarser silt
content.

Dark brown silty clay. Mottling is found.
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#28 — 20 feet Brown, silty clay. Binds into balls.

#28 - 25 feet Tan silt.

#28 - 30 feet Same as #28 - 35 feet.

#28 - 35 feet Light tan silt. Very fine grains. About

100% quartz. High in CaCO3.

#28 - 40 feet Tan quartz silt. Angular, good sorting.
No clay. 95% quartz.

#28 ~ 45 feet Some silt.

429 - 5 feet Dark brown sandy clay. Forms into balls.
' Black organics are found within.

#29 - 10 feet Medium to dark brown color. Fine to
medium sand. Sub-rounded, poorly sorted
quartz sand. Fine material tends to bind
the coarse particles into a very tight
rock.

29 -~ 13 feet Fine sand, sub-rounded. Poor sorting.
Clay material in sample binds sand grains.
About 95% or greater quartz grains. Light
hrown color.

#2929 - 15 feet Dark brown clayey sand. Very fine sand.
Everything else is the same as #29 - 27
feet. :

#29 - 20.feet Very fine sand. Everything else is the

same as #29 - 27 feet. :

#29 - 27 feet Fine grained. Sub—~angular to sub-rounded.
Fairly good sorting. 90 to 95% quartz.
The other is nondescript black minerals.
Tan color. Appears to be no cementing of

grains.

Greenhouse Brown-black, mottled silty clay. No CaCO3.'

6 feet

NE Corner of Light yellow-greenish tan. Fine to very

Lot 62 - 5 feet fine sand. Angular to sub-angular. Quartz
sand. High content of CaCO3. Some
cementing of grains.

NE Corner of Tan clayey quartz sand. Some pebbles are

Lot 62 found. Fine to very fine sand. Sub-
angular, poor sorting. About 90% quartz,

other 19% is nondescript.
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Constituent U. Bay Shallow Core U, Bay Deep Core
in ppm.

Solids 31.92
P 1.00
X 1,74
“Ca 14,60
Mg 1,50,
Na O s 2 3
A3 1320
RBa 85,9
Fe 0120
Sr 50,0
B 770
Cu 32 . 3
Zn 5741
¥n Shil
Cr TOe2
NHQL“‘N Li m}-!»
Nognﬁ 16,2
Available

Ca L2O0
Mo 6eh
I Q.l:
tin 10,0
in e
'SOL%S 112
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Appendix D.
Laboratory determination
of permeability
Well # Depth of sample Permeability 5
(gallons/day/ft™)
1 25 15
1 30 441
4 20 _ no results
8 10 - 5.4
11 35 no results
13 24 132
13 30 . 868
21 20 ’ . no results
22 25 - 43
22 30 _ 540
22 35 225
29 27 49 .
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Appendix E.
Calculations of flow quantities .
Seepage from the marsh:

Using the equation derived from Darcy's Law:

Q = KiA
where Q is the volume of water in gallons per
day

K is the permeability of the soil in gallons
per day per square foot
"i* is the gradient of the water table in
feet per foot
A is the cross sectional area through which
the groundwater flows, in square feet
For seepage form the marsh the following values were taken
from laboratory experiments, potentiometric maps, and maps:
"iv" = 0.002 ft/ft
K 0.4 gals/dav/Et>
A 1845 feet x 10 feet = 18450 ft
Q gals/day = 0.4 gpd/ft2 x 0.002 ft/ft x 18450 ft
Q = 15 gals/day

2

2

Seepage from the lake involves using the same equation. The
following values were used for the calculations:
K = 20 gpd/ft?.
"i" = 0.01 ft/ft
A = 116033 ft?
0 gals/day = 20 gpd/ft’ x 0.0l ft/ft x 116033 ft

Q = 23200 gals/day

2

Il
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APPENDIX G.

Pump Test Analysis

In this particular pﬁmp—test case,vthe VA observation
well (Figure 38) was used. The purpose of analyzing the
time~drawdown data measured in the VA well due to pumpage
from #1 pump was to determine the storage coefficient* and
permeability of the aquifer.

The pump test occurred from July 3rd to July 12, 1973.
This pump test is under water-table conditions which makes
the evaluation of the data a little more difficult because
the transmissibility of the aquifer changes through time
with pumping. In this case study, two well readings were
taken before the pumping began. These two wells show that
the water table is rising. This rise in water table must
be taken into account_when evaluating the pump test data.

Table 1 displays the various data which were used in
the compilation of the storage coefficient* and transmis-
sibility factors.

Since this pump test was performed without my super-
vision, éertain assumptions had to be made about the per-
formance of the test. It was assumed that pump #1 was turned
on at 8:00 a.m., July 3rd. The time column in Table 1 re-

cords the time in minutes since the start of the pumping.

*Storage coefficient--is the volume of water released from
storage, or taken into storage, per unit of surface area of
the aquifer per unit change in head. In a water table aqui-
fer, which is this case, is the same as the specific yield
or effective porosity of the aquifer.
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The water_levei column records the measurement of the
water level in the observation well in relation to the city
datum of 845.90 feet above mean sea level. The zero ele-
vation is 845.90 feet.

Uncorrected drawdowns are the difference between the
water level of July 2nd, and the date of observation. An
example would be on Juiy 9th the water level was -5.7. The
uncorrected drawdown is =5.7 minus ~1.8 equals -3.9. The
term uncorrected drawdown means that the trend of the rising
water table has not been taken into account |

The trend of the water table can be seen on the follow-

ing page. Since only two dates were recorded before the

pump was turned on, it is assumed that the water table

- e P - B

o = | [ R B L S e i I e T ] 2ln o Al n
WouLU SXPETICHCE a Liidcal TIi8C QUYL TS LEhe poLtuve 2N

l.,l.

more accurate analysis would have been to have monitored
the water levels in the observation well longer before
punping. The resulting trend would have probably been in
the form of a curve rather than a straight line.

The final column is the corrected drawdown. This is
the sum ef columns 4 and 5, the uncorrected drawdowns and
the trend. The trend curve illustrates the process of ob-
taining a corrected drawdown.

After the values Qf the corrected drawdown are calcu-
lated, one must then determine the values of transmissibility
(Tj and storage coefficient (8). The method used in this
case is named efter the geohydrologist C. V. Theis. Theis,

in 1935, developed a series of equations to describe the
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non-equilibrium drawdown condition around a pumping well.
A non-equilibrium pumping condition means that the maximum
drawdown by the pump has not been attained or that a water
table condition exists. In its simplest form, the Theis
formula is:

s = 114 * 0 W(y)
T

where
s = drawdown, in ft. at any point
in the vicinity of a well dis~-
charging at a constant rate

Q = pumping rate, in gallons per
minute

T = coefficient of transmissibility
of the aquifer, in gallons per
dav per foot

W(u) = the "well function of u"

W(y) is a short form for the following integral:

o]

u

&;87r25/T = du = W(u) = -0.5772-log,
u+u—E_2_, +u3 * e @
2.20 3.31 .

In the above equation, u = 1.87rzs/Tt
where
r = distance, in feet, from the center
of the pumped well to the point

where drawdown is measured

S = coefficient of storage, this is
dimensionless

T = coefficient of transmissibility, in
gpd per ft.

t = time since pumping started, in days




s
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In order to deéermine the T and s of an aquifer,‘Theis
developed a graphical method of solution if values of the
other terms are known, which in this case they are.

This method involves matching a curve plotted from
specific pumping test data with what is called a type curve.
The type curve is prepared by plotting calculated‘values of
W(u) against l/h on graph paper with logarithmic scales.
Data which were generated from the pumping test were plotted
on similar graph paper with logarithmic scales and cycles
identical to those of the type curve.

The test data in this case were plotted on a graph with
the vertical axis representing the drawdown and the horizon-
tal axis representing the time since pumping started. The
curve of the data which then results is superimposed on the
type curve so that the data curve matches a portion of the
type curve. Once this alignment takes place, a match point
is selected. The values of the match point on both curves
are recorded. In this case, values for s, t, W(u) and 1/u
were found.

With these values of s, t, W(p) and p, and knowing Q
and the distance of the observation well and thickness of
the aquifer, the values of S and T can be determined by

simultaneous solution of the following equations:

T

I

114.6 O W(uw)
S

Tut/269312

wn
it
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From the match points, the equations become:

o= 1.14 x 102 x 4.5 x 10° x 1
7
T = 10,960 gpd/ft.
S = 1.096 x 10% x 107t x 1.7 x 107"
2.693 x 10° x 6.6 x 6.6 x 10°
S = .0162
K = permeability = T/m m = aquifer thickness
K = 10,960/25 = 438 gpd/ft.>
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Appendix H.

Digital Computer Model

As stated before, an attempt was made to model, by
digital computer techniques, the shallow aguifer around the
medical complex construction site. The model was formulated
by T. A. Prickett and C. G. Lonnguist and explained in
Illinois State Water Survey Bulletin 55.

In this appendix is the computer format for the model
which was used. This model is set up to investigéte the
following situation: variablevpumping, water table
condition. | |

‘At this point, if an individual would desire an in-
depth analysis of the model, they are referred to the
previously mentioned bulletin. The basic 10w equation
which is moditied and massaged for these purposes is the
partial differential equation goverhing the non-steady state,
two—dimeﬁsional‘flow of groﬁndwater in an artésian, non-
homogeneous, and isotropic aquifer; That equation is:

3/9%x (Toh/3x) + é/ay (Tah/ay) = Sdh/3t + Q

where’ ’

T = agquifer transmissibility
= head

time

n + =
1l

= aquifer storage coefficient

= net groundwater withdrawal rate per unit area

MO0
1

= rectangular coordinates
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The above equation haé no general solution; however,

a numerical solution of that equation can be obtained
through a finite difference approach. |

Basically, what is done is that the aquifer under con-
éideration is divided into cells by laying a grid system
over the aquifer. The flow equations for each cell can be
solved by finite difference methods. By solving the finite
difference equations many times for each cell of the grid,
a final solution for the entire system can be achieved.

The computer is an excellent tool for solving such a
problem. It can solve the many equatiohs involved in just
a matter of minutes.

On this grid system, the pumping wells can be_located
and then their effects on the water table can be seen at
the nodes of the grid system. If this model could have
been set up properly, then it would have been possible to
see how the proposed sump pumps for the medical complex
would have impacted the water table on the west end of the

study area.
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Chemical Analysis of Ground-

water Samples.
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