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INTRODUCTION -

This Appen&ix provides detailed information on shoreline conditions
within ﬁuch of the county. The order of materiais in the Appendix is
from éou;h to north. Parts of the shoreline are broken doﬁn by reach
(see County Map) aﬁd geographic section within each reach. There is a
text which describes the characteristics of shoreliﬁe conditiéns at the

beginning of each reach section, This is accompanied by a map of the

-

.whole reach which shows the sections, public perception of erosion ha=-

zards, shore damage in 1952, short- and long-term recession rates, bluff
height, shore protection structures, houses per mile, and boat ramps.
Location of geotechnical borings is ihdicated on the county map at
the beginning of the Appendix. Logs for geotechnical holes and detailed
location maps are given at the end of all of the maps in fhe reach con~
taining thatlgeotechnical site. For each geographic section (one mile
long) a map showing the location of shore protection structures which
are numbered and described in reports on file with the Department of
Natural Resources. Also on the map, locations of measured profiles are
shown along the shoreline. A running description of bluff characteris-
tics, materials making up the :ée of the slope, and beach characteristics
is also given, Engineering data such as safety factor, ;he confidence
level on this safety factor, and the distance the slope must retreat to
attain a stable slope angle ;s also given. It should be noted that this
distance assumesnno wave cutting at the base of the bluff. This dis-
tance is referred to in the text as a stable slope distance. Also in-
ciuded with each section is a set of prbfiles from the water's edge to
the bluff top. These profiles show stratigraphy, slope angles, circles

of failure, and calculated safety factors along the shoreline. The dis-



‘tance to a 5 foot depth of water is also given. The date when the profile

LAY

was measured 1s also given. Remember that the bluff profile could have

cﬁanged since the profiles were measured.

The'meaning of abbreviations used in the Appendix is given 6n this

.page. For more detailed description of the methods used in compiling'the

data, regional interpretations, and conclusions about the engineering

characteristics and types of slope failure taking place refer to the main

feport (Shoreline Erosion and Bluff Stability Along Lake Michigan and Lake

Superior Shorelines of Wisconsin) available from the State Planning Office

and the Wisconsin Geological Natural History Survey.’
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Symbols Used

nouns and adjectives)

boulders
clay or clayey
coarse
fine
gravel
medium
pebbles
sand
silt
till
cobbles

t(1A) till name

oL

SL

Factor of Safety

A - unsatisfactory ( 1.00)

B - questionable (1.00-1.25)

C - satisfactory ( 1.25)

Confidence Level

A - high confidence - at borehole

B - medium confidence - near borehole,
stratigraphy visible

C - low confidence - away from borehole,
stratigraphy questionable

Stability line - the distance slope
must retreat to attain a stable
slope angle. This assumes no
erosion at toe and unchanged
conditions of nature of material
and water table.
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FIELD REPORT - REACH 23

Location and General Description

Reach 23 lies in Sheboygan and Manitowoc Counties, and 1nc;udes the shoreline
in Sections 3, 10, and 15 in T.16N., andSection 34 in T.17N., R.23E., Of these,
only Section 34 lies in Manitowoec County. Readers interested in the southern
sections in the reach.are referred to the report on Sheboygan Cqunty.

(Appendix 5) |

Section 34, T.l7N.

From the Manitowoc—Sheboygan County line, which is the southern boundary of
this.section, to 0.07 the stratigraphy of the bluffs was completely obscured by
large scale sequential slumping. From 0.07 to 0.39 the mode of slope failure
changed to relatively minor high angle slumping aﬁd some flows. 1In this area
there was relatively good exposure of the upper beds in the sequence. Profile #1,
which is located at 0.3, was taken within this zone, The exposed ﬁnits at the
top of the bluff consisted of about 10 feet of lacustrine sand, silts, and clays
containing a lens of till 3C about 2 feet thick. This bed was traced.lateraily
and was found to be one of a number of thin, discontinuous lenses of till which
Qere contained in the upper lacustrine sequence. At the base of this sequence,
about 3 feet of a massive gray silt was exposed. The base of this unit was
obscured by minor slumping which covered the lower 40 feet of the bluff. The
contact between this massive silt and the overlying mixed 1agustrine sediments
was a major seepage zone. This seepage greatly facilitated tracing the contact,
even in those areas where it was covered by.a coating of materials washed down
from above. Till 3A was exposed at beach level at the base of Profile #1 and
was present in discontinuous exposures along the beach throughout the section.
At 0.39 the mode of slope failure once again changed and large scale sequential

slumping again was dominant. As was the case near the county line, exposures were

)
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found only along the scarps at the bluff top and in discontinuous exposures
along the beach level.

At the county line, the bluffs were about 60 feet high. The level of the
bluffs drops steadily to the north, and at the northern section line they are
only about 45 feet high. This lowering of the bluff height seems to be largely
at the expense of the thickness of the lacustrine sand, silts, and clays that
overlie the gray silt. The upper lacustrine unit was.found to thiﬁ to aboﬁt
2 feet at the northern section line.

Beaches along the section were 6f mixed sand and cobbles and ranged from
20 to 35 feet in‘ width.

Housing density within the section was listed as 3 houses per mile.

There was one long term recession measurement made at about the northern
section line which showed a long term average of 1 foot/year. There were no
protective structures described in the section. Watér depth at Profile 1 was

found to be 2.5 feet at a distance of 50 feet from the shoreline.



T.178.,R.23E., Séc. 34

R.23E.

SAFETY FACTOR

A-less than 1;00
E~1.00 to 1.25
C-greater than 1.25

CONFILDENCE LEVEL

‘A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.17N.,R.23E.,Sec.34

1. BLUFF

a-large scale p-minor high

sequential
slumping

angle slump-
ing, some
flows

c-large scale
sequential
slumping

2. TOE

a~slumped till
'3C' .and
lacustrines,
some exposures
of till '3A'

3. BEACH

a-20-35 ft.
sand and
cobbles




T.17N.,R.23E.,Sec.34
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FIELD REPORT - REACH 24

Location and GenerallDescription

Reach 24 includes the shoreline of Sections 27, 22, 14, and 11 of T.17N.,
R.23E. The reach has a priority rating of 17 and is the third highest ranked of
those reaches lying north of the Ozaukee-Sheboygan County line,

The reach includes an area of substantial residential development at its
southern end associated Qith the town of Cleveland, and large portions of the
remainder will probably see considerable residential development in the futufe.

The shoreline in the extreme southern portion of ;hé reach consists of the
remnants of an ancilent terrace.

No short term recession rate data were available for this reach; Long term
averages range from 0,3 foot/year in the southern portions of the reach to 2 feet

per year in the north.

The boundafy hetween Reach 23 and Reach 24 lies about halfway ﬁp the shoreline
of section 27. For the sake of convenience, that portion of the section that lies
within Reach 23 will be included in the text for Reach 24.

Section 27

At the southern boundary of Section 27 the bluffs are about 50 feet high,
Moving north from this point the bluff height decreases rapidly and at about the
mid-point of the section the bluff gives way to a terrace lying about four feet
above the modern beaches.

From the southern section line to 0.15, the stratigraphy of the bluff is
almost completely obscured by large scale sequential slumping. Exposures are
limited to the scarp zone at thevtop of the bluff and in this area a four foot
thick bed of till 3C is exposéd overlying lacustrine silts, At scattered locations
along the beach wave action has cut through the slumped material and exposed till
3A along the beach.

Between 0.15 and 0.23 the mode of slope failure changes and so0il fall and
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high angle slumping become the principle mechanisms. Rapid erosién in this area
provides numerous good exposures in which the stratigraphy of the bluff can be
observed. In this area it wasbfound that a thin surficial bed of till 3C Was
underlain by interbedded lacustrine sands, silts, and clays almost to the level
of the beaches where 1 or 2 feet of till 3A were exposed.

From point 0.23 to 0.36 large scale slumping once more occurs and the entire

face of the bluff is covered.

From 0.36 to 0.5 steep rapidly eroding bluffs once again occur with undercutting

and soil fall being the pfimary mode of'slope failure. Exposures are good in this

segment of the shoreline and the stratigraphy of the bluff was found to be an

upper lacustrine unit of interbedded sands, silts and clays resting on 25 feet of

till 3A.
From 0,5 north to the terrace, which begins at about 0.64, slopes are for the

most par£ gentle and fully vegetated and exposures were limited to low cut faces

>along the beaches, These cuts expose a sand that is probably simply a veneer

along the base of the bluffs and represents a remnant of the same terrace that
is found immediately to the north.

Beaches between the southern section 1ine and the beginning of the terrace
are primarily of cobbles and range from 10 to 40 feet in width, Along thé terréce
the beaches are normally between 10 and 30 feet invwidth and combination sand
and cobble beaches are the rule.

Four structures were described in this section. All were either low bulkheads
or revetments protecting homes built along the terrace in the northern half of
the section., A water depth measurement taken near the beginniné of the terrace
showed a depth-SO feet offshore to be less than 1 foot,

Land use in the southern half of the section is primarily agricultural. From

0.4 north however, the shoreline is highly developed as this area contains the

.village of Hika Bay. A housing density of 42 houses per mile was given for this
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section, One 1ong term recession rate determination was made at Hika Bay and
gave a result of 0.7 foot/year.
Section 22

At the south section line of Section 22 the true bluff lies some 800 feet
back from the lakeshore and is separated from the shoreline by a terrace. This
terrace, which was first encountered about one-half mile south of the section line,
is made up of beach and dune sand and is about 4 feet higher than the current
beach level along the shoreline. The bluffs swing back to the shoreline'at
about 0,59. At this point the bluffs are about 50 feet high and are fully
vegetated above a very steep face that has been cut into till 3A at beach level.
This face varies between 2 and 15 feet in height. The erosion surface on the top

of till 3A is well exposed. From 2 to 5 feet of very coarse sand are exposed

above the contact with the basal till and the till-sand contact rises steadily
to the north up to 0,67. From this point north to the northern section line the
bluffs display closely spaced areas of slumping. Most of these slumps involve
only the lower two-thirds of fhe slope, leaving the upper third vegetated.
Scattered full face slump% also occur in this area.

There are enough exposures along the bluff face to allow the stratigraphy
of this sectfon to be determined. The bluff consists of about 16 feet of sand
overlying a similar thickness of silts and clayey silts which in turn rest upon
the surface of till 3A. The stratigraphy as worked out in the bluffs was
confirmed in boring GT-15 which was drilled close to the edge of the bluff at
about 0.9,

North of 0.9 the bluffs plunge steeply into the valley of Fisher Creek.
Exposures along the bluff indicate that the bedding in the silts thét overlie
the basal till also dip steeply into the valley.

Beaches along this section show considerable variation, with both cobble

and sand beaches present, Beach widths also show a great deal of variation,
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with beach widths of up to 50 feet in some segments of the shore and essentially
no beach in adjacent sections.

Water depths were obtained at thé site of two profiles. At Profile #1 which
was taken at about 0.67, the lake was found to be 5 feet deep 97 feet from fhe
shoreline.

There were four structures described in this section. Three of these were
revetments protecting private residences along the terrace in the southern portion
of the section. The fourth was a 1600 foot long stone revetment built along the
northern section of the hiéh bluffvarea. In a number of places this revetment
was found to consist of a single course of dolomite blocks and ranged in height

from one to three feet. In many areas considerable active erosion was going on

behind the revetment which had undoubtedly been over topped by storm waves.

This section is currently at a low level of development, having a housing
density of only 3 houses per mile. Much of the 1énd in the section is, however,
owned by a private dévelopment corporation and considerable construction in this
region shquld probably be expected in the future.

One recession rate determination was available for this section. This gave
a long term average of 0.3 foot per year at a point near the southern section line.
Section 14 (C.F.)

Marking.the start of the southernmost portion of Section 14 is a low lying
floodplain (terrace?) formed at the mouth of Fisher Creek. Yellow silty sand is
exposed in a number of places along the 4 foot high bluff.

North of Fisher Creek the bluffs are considerably higher, rangihg from
18 to 45 feet in height. The bluff reaches the makimum height at 0.8 and then
descends to a height of 40 feet at the north section.line.

_Sand less than 10 feet thick oveflies silt and clay in the bluff in the
southern four-tenths of the section. The silt and clay exhibits massive to
rhythmic bedding and contains smaller seams of fine‘sand or silt. The wet, less

permeable silt and clay is conducive to unstable slope conditions and failure,
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Interbedded red clays and yellow silts occupy the upper portion of the bluff
profile immediately north of mile 0.5, Clays form an intermediate position while
sand is exposed near the toe of the slope. A wedge of red clay (till?) lies at
the top of the bluff but tapers out near mile 0.6 as one proceeds north.

North of mile 0.6, a thin, discontinuous layer of surficial sand overlies
highly contortéd interbedded red clays and ‘gray silts. These materials in turn
overlie massive and laminated clays. Near the base of the bluff, sand emerges from
below lake level to a height of ten feet just south of mile 0.8.

North of mile 0.7, a thin finger of brown, pebbly, clayey silt till emerges
from below lake level, raplacing the sand at the toe., The till continues for only
a short (23 feet) distance before pinching out to the north. Where the stratigraphy
is exposed, sand lies below the till while laminated lacustrine clays are draped
over the top of the till, Seeps occur within the silt and clay.

Proceeding toward the lake from thevbluff near Fisher Creek, the beach consists
of 36 feet of sand, 12 féet of gravel, and 15 feet of sand and gravel. In front
of the revetment along the lower four-tenths of the section, beaches approximately
20 feet wide and composed of sand with small amounts of gravel sized material
abut the toe of the bluff,

The beach reaches a width of 43 feet near mile 0.4. North of this point to
the top of the section, the beach tapers down to a width of between 20 to 25 feet
and is composed of greater than 80% sand. Gravel and cobbles form the remaining
portion.

A stone revetment ranging from 5 to 10 feet in height protects a road ramp
leading down from the bluff to the north side of Fisher Creek. There is no beach
in front of this structure. This quarry stone revetment continues as a low-lying
(2-3 feet high) structure, recessed a shore distance back from.the shoreline,
north of this point through the half mile mark.

A second structure, largely composed of stone with smaller amounts of steel

.
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and timber, protects the bluff in front of the houses just south of mile 0.6.
No beach is present in front of the structure.

| Seeps.occur at the base of the surficial sand whére the sand is in contact
with the less permeable silts gnd clay below, The sand maintains a steep face
because of a vegetative cover. Slumping and soil fall occurs in the silts and
clays. The northern two-tenths of the section is vegetatea and no recent failures
have occurred. |
Section 11 (C.F.)

Section 11 of Reach 24 covers the area between 2 and 3 miles south of the

town of Northeim. The bluffs in this region are relatively high, ranging from

approximately 45-55 feet above lake level, Sags in the bluff occur at mile 0.6

and again at the northernmost end of the section where Point Creek cuts down

~through the bluff, The stratigraphy in the southern three-tenths of the mile

section consists of a complex sequence of sand, silt, clay and till. North of
this area, the bluff éppears to be composed entirely of sand. Vegetative cover
obscures portions of the stratigraphy.

.In the southern portion, sand oééurs at the fop of the bluff. It is
divisible into two sub-units. ‘The uppermost portion.consists of soft, yellow
sands while the lower part contains compacted, medium grained sand, contorted and
interbedded with red clays. Silts and clays lie below the sand and are often
interbedded with seams of fine sand. 1In places, this matérial‘is also highly
contorted.

At the base of the bluff between mile 0.2 and 0.3, ﬁ red-brown silty clay
till is exposed., The upper surface‘of this till dips below lake level in severui
places. Slump éovers a large portion of the lower half of the bluff in the area.
Pebb;es.in the slumped material suggest that the till may be presént beneath the
surficial slump in the southern portion.

There are no extensive exposures of materials immediately north of mile 0.4,
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but bluffs to the soﬁth of this point and those to the north of this vegetated
section suggest that the bluff is probably composed chiefly of coarse~grained
material. Massive medium-grained sands are exposed between mile 0.3 and 0.4
in this section while coarse?grained sands and gravels are exposéd in the
southern part of Section 1, the adjacent section to the north.

The only recent slump scars occur in the southern four—tenths'of the
section. Between 0.3 and 0.4, where the bluff is composed of all medium-
grained sand, failure occurs by undercutting the toe of the bluff, removing
the vegetation, and causing slumping. In the southern three-tenths of the
section, the slopes are failing by soil fall. Some sapping and small size
slump blocks are also active.

Most of the beaches in this section are greater than 30 feet in width.

In the northern portion, beaches are 50 to 80 feet wide, The beaches consist
almost entirely of sand sized material except along the immediate shoreliﬁe or
in the southern third of the section where gravels predominate.

No structures are present in this section.

&

kS
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Tﬂ17N.,R.23E,,Sec.2?

SAFETY FACTOR

A-less than 1.00
 B-1.00 to 1.25
C~greater thaan 1,25

CONFIDENCE LEVEL

A-boreholes
{high confidence)
fi-near boreholes
strucigraphy visible
C-no stratigraphy
vigible (low
confidence)
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T.17N.,R.23E.,Sec.27

1. BLUFF

a-large scale |b-rapid c-Slumped and |d-steep
sequential erosion, slope] covered, rapidly
slumping; somg failures entire bluff eroding
exposures in primarily by face involved bluffs,
scarp zone so1il .fall sapping and
and high soil fall
angle slumping
e-covered and f-terrace
vegetated;
gentle slopes
2. TOE a-slumped till, [pb-till 3A c-s Lumped d-till 3A
clay, and and slumped silts and
silt s8ilts and clays -
clays
e-sand f-terrace
sands
3.BEACH a-10-40 ft. bh-10-30 ft.
cobbles sand and

cobbles




T.17N.,R.23E.,Sec.27
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T.178.,R.23E.,Sec. 22

SAFETY FACTOR

A-less than 1.00
®-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C~no stratigraphy
¢isible (low
confidence)
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T.17N.,R.23E.,Sec.22

&

c-closely

1. BLUFF a-stable, b-2-15 ft.
fully near ver- spaced
vegetated tical cut slumped areas;
bluff pro- face in very some full
tected by stiff till; face, but most]
terrace 2-5 ft. of involving only]

' coarse sand lower 2/3 of
above; slope slope; signi-
fully vege-~ ficant sub-
tated above sequent flow-
cut face age of slumped

silts.

2. TOE a-sands of b-stiff red- c-primarily
terrace brown clayey slumped and

: silt till, flowed silts;
few stones. scattered till

exposures,

3. BEACH a-30-50 ft. b-30-50 ft, c-30-50 f¢t, d-0~15 fec.
beach; cobble beach m-c¢ sand cobble beach
largely sand beach
but cobbles
in shoreward
portion.

e-0-20 ft. £-0-15 fe, g-0-10 ft, h-0-25 ft,
¢. sand cobble beach - cobble beach sand and
beach in front of behind cobble beach

revetment

.revetment
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27 T.17N.,R.23E.,Sec.14 .

SAFETY FACTOR

A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONTI'T DENCE LEVEL
" icboreholes
{high confidence)
t-acar boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.17N.,R.23E.,Sec.14

1. BLUFF a-slumping and |b-vegetated
soil fall and stable
2, TOE a-rip-rap b-sand c-rip-rap d-slumped clay
and silt, some
sand
e-sand
3. BEACH a-0-65 ft. b-no beach c-0-40 fr, d-no beach
sand sand
e-0-40 ft. f-no beach g-0-25 frt. h-no beach
sand sand
i-0-45 f¢t. j-0-30 ft.
sand sand
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'=.96

beach-95% sand,5% gravel

T.17N.,R.23E.,Sec.14

Profile 3- CF15A

ft.to 5 ft.depth

__'__>.

orientation 116°

T T I I ]
200 220 240 260 280
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1 | 1 | T
20 40 60 80 100 120 140 160
120 Protile 2-
“r
100— ft. to 5ft. depth
Stratigraphy ———
80— t,c v
- si,c
w a- c,si. at top
w 60 b- t,p,s at base
L m-fs
40—
Sr=1.28
6il profile
20+ sand
////i;/_ small gravel ‘
orientation 1110
] | T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220 240 260 280
120 — Profile 1
Stratigraphy
100 soil profile ft.to 5 ft.depth
51,s
ms
m-fs,c
- —_—
80 m-fs
— c,sand lenses
" 60
i ] o -
w SF=1.56
40—
20-
S lump
heach-sand and Lravel orientation 106°
T T T T T T T T | T 1 T 1
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1 T.17N.,R.23E.,Sec.11

SAFETY FACTOR

A-less than 1.00
P-1.00 to 1.25
C-greater than 1.25

CONFIDENCYE LEVEL
A-boreholes
(high confidence)
l'~near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.17N.,R.23E.,Sec.11

1. BLUFF a-undercutting | b-slumps and
and soil shallow
fall glides in

sand

2, TOE a- till 3A and | b-slumped
slumped sand
sand, silt
and clay

3. BEACH a-sand and b-50-80 ft.
gravel, sand

greater than
30 ft.

O
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FIELD REPORT - REACH 25

Location and General Description

Reach 25 is located in the southern portion of Manitowoc County, covering
a north-south distance of 5.9 miles. It is bounded on the north by section 5
of T.18N., R.23E., and on the south by Point Creek, Land use is predominantly
agricultural with sparsely spaced rural housing. A small amount of sand and
gravel extraction occurs in section 24. The reach ranks 20th on the priority
list with a value per mile of seven. Erosion rates vary from 2 feet in thg north
to between .2 and .3 in the central and southern portioné.

The highest bluffs in the reach are found in the far southern and the far
northern portions where they obtain heights of 80 feet and 60 feet respectively.
Between these two areas, the bluff generally maintains a height of between 40
and 50 feet.

A red/brown silty clay till (till 3A) up to 55 feet thick is found along
nearly the entire length of the reach at the base of the bluff, Except in
sections 1 and 36, the till is overlain by sand with smaller améunts of gravel,
In these two seétions silts and clay lie between the sand and the red/brown
silty till. A second thin, sandy till (till 3B) lies in sevéral locations
above the red/brown silty clay till (sections 1, 7, 18) but it does not form a
continuous unit.

Seeps are often noted at the contact of the surficial sand and the silty
clay till 3A. The sand is usually dry and holds a nearly vertical face., The
steepness of the face of the sand is aided by a vegetutive cover and, in places,
by compaction. Where sand composes a large portion of the bluff, failure occurs
most often by slumping. Masses of clumped sand entangled in roots also glide
down the che of the bluff (southern part of section 1, northern part of section 24).

Vegetation covers large portions of the bluff face in sbme sections resulting

in relatively stable conditions. Slides in these vegetated areas, underlain by
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silts, clays and fine-grained till, 'is by sapping, slumps and slides (Sec. 36).

Where little or no vegetation is established on the silt, clay or till,
sliding and flow occurs. In places where undercutting occurs, soil fall re-
sults in steep cliffs, some measured to be as great as 56 degrees, even with a
51 foot high bluff (southern part of Section 18). Large slump blocks have
Seen noted in this reach as well (northern portion of Section 18).

Beach width is variable, ranging from 5 to 50 feet. The predominant beach
material is sand sized material although gravels do cbnstitute a significant
portion in some places, especially at the immediate lakeshore.

Very few structures exist along this iength of‘the shoreline.

Section 1 (C.F,)

Section 1 of Reach 25 lies between one and two miles south of the town of
Northeim. The bluffs maintain a height of between 50 and 70 feet except in the
southern fifth where a higher and more hummocky topography exists.

Underlying the tall bluffs in the south are sands and gravels. These, in
turn, are underlain by a red-brown silty clay till, till 3A, which dips below
lake level to the north. The sands and the gravels are well sorted (i.e., a
small range of grain size) and exist as two distinct graih size classes. The
coarse gravel exhibit no bedding whereas the sands are stratified. The till is
pebbly and well compacted.

Vegetation fully covers the slopes north of this area to the half mile mark.
At this latter pqint, the stratigraphy in the exposed bluffs is a basal red-brown
silty clay till (till 3A) overlain by sands and gravels, clays and silt in that
order. The surficial yellow silts are interbedded with red clays. The clays that
lie beneath the yellow silts ére massive in the upper portion. In its lower part,
the clay is evenly and horizontally bedded with small silt seams.

A sandy, yellow till forms a thin (1} to 2 feet thick) bed between the

lacustrine clay and above the red-brown silty clay till in the northern_quarfér
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of the section. It is not exposed for any great length because of vegetative

-cover. The sand and gravel, which was found in this same position to the south,

no longer exists in this area.

In the southern portion of the section, slumping occurs in the unconsolidated
sands. Sapping occurs in the fine-grained silts and clays along the central and
northern portions of Section 1. Where slumping occurs, it is in small blocks
in the middle part of the section. More minor occurrences of slumping were noted
to the north. Along the immediate lakeshore, slides were comﬁon in the northern
half.

The beaches consist largely of sand with minor amounté of pebble size
material. Where gravels do constitute any significant proportion of the beach,
they are usually found along the immediate shoreline, Along nearly the entire
section the beach maintains a width of greater than or equal to 30 feet. At
mile 0.2 the beach was 54 feet wide, |

No structures are present along the shoreline.

Section 36

This section covers the shoreline south from the town of Northeim for one
mile, The bluff maintains a height of between 40 and 50 feet above the lake
throughout the southern six—tenths of its length. The bluff descends to near
lake level between 0.7 ahd 0.8, rising to a height of approximately 40 feet at
the town of Northeim. A vegetative cover of trees and brush mask the southern
eight-tenths of the section while grasses cover the northern two-tenths,

Where windows do exist in the vegetation, surficial sands overlie silts ahd
clays in the upper half of the bluff, while red-brown silty clay till 3A extends
along the lower portion of the bluff,

Between mile 0.6 and 0.7, where the top of the bluff descends to near lake
level, only sand is exposed in the bluff face. North of this low area, the bluff

is entirely vegetated. The red-brown till is probably pfesent at or near the
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base of the bluff beneath the vegetation.

Much of Section 36 is vegetated. Where the most recent slope failures have
occurred, sapping and sliding are the more prevalent failure mechanisms. Slump
is common in the sands.

The southern quarter of the section contains 15 to 20 feet wide beaches
composed mostly of large cobbles. Trees have fallen or lean out into the water
along the shoreline. The southern middle quarter of the section contains narrow
(5 to 10 feet) to wide (60 feet) beaches of sand. A gravel beach between mile
0,5 and 0.7 varies in width from between 20-35 feet.

Except near the lake, where gravels are more common, the remaining northern
three-tenths of the shoreline is composed almost entirely of sand. Beach width
here is between 50 and 80 feet.

No structures are developed along this nmile of Shoreline.

Section 25 (C.F.)

Section 25 extends north for one mile from the town of Northeim. Except for
a slight rise in topography at mile 0.2, the southern half of the section contains
35 to 40 foot vegetated bluffs. The vegetation is largely weeds and grasses. A
red-brown silty clay till probably exists near the base of the bluff under the
vegetative cover,

The northern one-half mile of the section contains a number of stratigraphic
windows exposing sand at the top of the bluff underlain by red-brown silty clay
below. The sand ranges from very coarse gravel and boulders to fine sand. The
bluff reaches a height of 65 feet near mile 0.9 where the surficial sand obtains
its greatest thickness. The contact between the sand and till remains nearly

horizontal.
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A number of seeps occur as small streams or rivlets when they emerge from
below the vegetative cover along the southern quarter of the section. These areas
are often identified by clumps  of trees and bushes at the base of the bluff. The
stratigraphic origin of these streams could not be detected because of the dense
vegetative cover, In the northern portion of the section, slumping occurs in
large blocks,

The beaches are composed mostly of sand with some gravel nearest the lake.

Beach widths varies from between 30 and 50 feet along the entire length of shoreline

except where vegetative growth and slumps have advanced over the beach in narrow
patches,

Only 6ne structure exists along the section. This revetment protects a boat
house and ramp to the beach at mile 0.3.

Section 24

The stratigraphy of the bluffs in Section 24 is very straight forward and
exposures are numerous. The bluffs throughout the section are made up of till 3A
overlain by sand and gravel. Inspection of the upland surface discloses a topoyg-
raphy typical of pitted outwaéh. This interpretation as to the origin of the suand
and gravel deposit is substantiated by collapse structures noted in gravel pits
along the section,

The contact between the till and the overlying sand and gravel is a major
seepage zone, This is especially evident in a small buried valley or sag in the
surface of till 3A. Despite prolonged drought conditions prior to the time at
which this section was inspected, actively flowing springs were observed along the
valley bottom. Profile #1 was taken at 0.57 immediately to the south of the most
active'of these springs in the deepest part of the valley.

Wifh the exception of a small slumped area which lies between 0.08 and 0.13

slope failures throughout the section are essentially the same. Wave action
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against the basal till 3A leads to undercutting of the bluffs and subsequent soil
falls. This eventually results in the oversteepening of the slope and high angle
slumping results. In many portions of the bluff, the slumping is confined to the
till unit and the overlying granular materials appear to be undisturbed and often
have retained a vegetative cover of grasses,

Beach conditions throughout this section are also relatively constant with
cobble beaches about 30 feet wide being characteristic. Narrowing ofvthe beaches
occurs where recent slumps have moved out into the lake and this is especially
true in the area of full faced slumping that was mentioned earlier.

A single measurement of water depth was made at the boring GI'-17 which lies
at about 0.85., Here it was found that the water was 1.5 feet deep 50 feét from
the shoreline.

Land use along the shoreline is largely either agriculture or mining of the
sand and gravel dgposits. A residential density of 4 houses per mile was given
for this section. No recession rate data was available for Section 24. No
protective structures were described.

Section 18 (C.F.)

This portion of Reach 25 covers one mile of shoreline north of the Radunt
Brothers gravel pit operations,

A red-brown silty clay till lies along the bottom of the entire length of
this section. This till is the predominant material found along this section and
nearly always forms the bottom of the bluff., Only between mile 0.6 and 0.8 is
another material exposed at the base of the bluff. Here, brown to tan sandy silts
emerge as two separate units from below lake level to a height of 4 feet.

Coarser grained materials overlie the finer grained red-brown till. Gravelly

sands are found at the extreme southern end of the section while a soft, friable

©

sand forms a thin surficial cover throughout the rest of the section to the north.
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A more compact, hard, fine grained, gravelly sand till is exposed in the
central part of the section. A gravelly bouldery material marks the contact
between the yellow sandy till above and the red-brown silty clay till below in
several places. The sandy till is not continuous but tapers out to the north.

On the north end, when the sandy till thins, ‘a short wedge of hard, compacted,
bedded sand has formed, This sand unit, too, ends abruptly near mile O.7Iand only
the thin cover of soft sand continues along the top of the bluff through the rest
of the section,

Where sand is the predominant bluff material, failure occurs most often by

" slumping. Vegetation helps hold the sand in clumped masses as they slide down

the slope.
In the finer grained material such as the till, soil fall results in steep
cliffs, Sliding and slump is more common in the northern portiomm of the section.
The beaches along the lower third of Section 18 are composed mostly of
gravel and are from 20 to 30 feet in width. To the north,vsand sized material
makes up 75 to 100% of the beach material., Beaches in this latter portion are
comménly 20 to 30 feet wide, although in a few places the beaches can be as large
as 50 feet or és small as 5 feet.

No structures were found along this stretch of shoreline.
Section 7

The geology and sfratigraphy in this section are probably the most complex
encountered in the area north of Ozaukee County. The section is unique in that
it is one of the few places known to the authors in which all threc¢ of the tills
that have been recognized in the area are exposed,

The southern boundary of the section lies just south of the south valley wall
of Calvin Creek. - At the section line, the stratigraphic section consists of a
bed of very sandy till, till 3B, overlying a thick exposure of till 3A. 1In the
immediate vicinity of the south section line, the two tills are often separated

by a thin sand bed. On the north side of the valley of Calvin Creek till 33,
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rather than occurring as a continuous and well developed unit, is found as
prominent lenses of till within a sequence of mixed lacustrine sediments between
5 and 10 feet thick., At several locations, this lacustrine sequence was also
found to contain what appeared to be a red-brown till. This material could
either be highly oxidized till 3A, till 3C, or a lacustrine clayey silt with an
unusually high pebble content,

At the north section line, the stratigraphy differs greatly from that in the
southern portions of the section. The observed sequence is a thick bed of coarse
sand overlying till 3C which in turn overlies a thick unit of sand and gravel.
The widely differing stratigraphic sequences that occur at the two section
boundaries can each be traced readily towards the central portion ol the sectlion.
The geologic relationships where these two differing sequences meet are extremely
complex and are not yet fully understood. Unfortunately, Section 7 was tﬁe last
section investigated by the authors and the early advent of winter weather

'
conditions, especially the presence of a snow cover on the high, steep bluffs that
are found in this area, forced a termination of field activities in mid-December
before relationships were fully worked out.

The authors' current interpretation of the geology in Section 7 is shown
graphically on the longitudinal profile for the section. As can be éeen from
this profile, the authors now believe that till 3A represents the oldest unit
exposed and that the very sandy till 3B was deposited upon the erosion surface
that marks the top of this till, probably in a shallow lacustrine environment.
The sand and gravel that occupied the basal position in the northern portions ol
the section are believed to lap up on an erosion surface that was cut on both
till 3A and the overlying 3B with its accompanying lacustrine beds. Till 3C is
believed to have moved across the sand and gravel and up the erosion surface on
tills 3B and 3A., The bed of coarse sand that lies over till 3C in thé northern

portions of the section is thought to be the youngest unit present in the section.
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If this interpretation is correct, it would lend support to the view that the

sandy till 3B is intermediate in age between the two red-brown tills, tills 3A

‘and 3C., An additional ti1ll body has been reported lying within the basal gravel

unit in the northern part of the section. The identity §f this unit, if present,
has not been established.

The mode of slope failure is relatively constant throughout the section and
consists mainly of high angle slumps and soil falls, with the lower slopes largely
covered by materials that have slumped down from above. The single exception
lies in a 100 foot long segment of the shoreline lyiﬁg at about 0.22 where slumping
involving the entire bluff as a uhit has taken place.

In contrast, beach conditions along the section are quite variable. From
the southern section line to about 0.2 beaches are madé up of between 20 and 30
feet of cobbles. Between 0.2 and 0.45 the beaches are once again 20 to 30 feet
wide and consist of a mixture of boulders and cobbles. From 0.45 north to 0.77
the beaches are made up of 20 to 50 feet of sand and cobbles and from this point
to the north section line the beaches consist of 20 to 30 feet:of cobbles.

The area is relatively highly developed with a housing density of 11 houses
per mile. Onéblong term receésion rate determination had been-made in this
section and it yielded a rate of 2 feet/year.

No structures were described in this section,
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A

T.17N.,R.23E.,Sec.1

SAFETY FACTOR

A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-boreholes
(high confidence)
l-near boreholes
stratigraphy visible
(-no stratigraphy
visible (low
confidence)
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T.17N.,R.23E,,Sec.1

l. BLUFF |Ja-high angle b-large scale c-undercutting | d-undercutting
slumping, slumping, and soil and soil
“upper % of full face fall; full fall,
slope remains involved. face usually in-
vegetated, involved. volves only
the lower 1/3
of bluff;
upper slopes
remain
vegetated.
2. TOE a-till '3A! b-sand and c-till '3A' d-slumped till,
slumped sand and slumped silts, and
' sand clays
3. BEACH a-30-55 ft, of

sand, some
gravel near
lake margin.
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T.18N.,R.23E,,8ec.36

< & >
‘9%*@ «‘”& %\)é < &
T &
&
,ZSC"&:E» & @»@’
%C§§ &

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFIDFNCE LEVEL
A-barcholes
{high. confidence)
B-near boreholes
sgratigraphy visible
C-no stratigraphy
visible (low
contidence)
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T.18N.,R.23E. ,Sec.36

1. BLUFF a-large scale b=-minor soil c-mainly
slumping fall at cut . grassed
face behind slopes
beach, very minor
- heavily slumping
vegetated,
2. TOE a-till 3A b-sand
3. BEACH a-15-20 ft. b=5«60 ft. c-20-35 ft. d-50-80 ft.
large sand gravel = sand

cobbles
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SF=1,41

T.18N.,R,23E.,Sec.25

SAFETY FACTOR

A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

LCONE TDENCE. LIVEL

A-barcholes
(hipgh contidence)
K-near boreholes
stvatipraphy visible
C-no stratigraphy
visible (low
contidence)
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T.18N.,R.23E.,Sec.25

1. BLUFF {a-fully b-large scale
vegetated slumping,
slopes with some soil
little or fall
no indica- '
tion of
recent
erosion

2. TOE a-till 34, b-till 3a,
in place in place

and/or
slumped

3. BEACH | a-30-50 ft.
sand, some
gravel;
locally
constricted
by recent

slumps
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T.18N.,R.23E.,Sec.25
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T.18N.,R.24E.,Sec.24

SAFETY TACTOR

A-less than 1.00
B=1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A=horeholes
ALhigh confidence)
i-ncar horeholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)

"

I
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T.18N.,R.23E.,Sec.24

b-large slumps

1. BLUFF a-moderately c-rapid
steep bluffs of the erosion
with con- total face; resulting in
siderable vegetation high angle .
slumping in still in slumping and
the lower place on the soil falls;
1/3 of the slump blocks at some loca-
slope; the tions only
upper 2/3 the lower
generally slopes are
vegetated involved
with grasses.

2. TOE a-till '3A' b-slumped c-till '3A°
together sand and and. slumped
with slumped | "gravel till and
till and sand and
sand and gravel
gravel

3. BEACH | a-20-30 ft. b-no beach c-0-30 ft.

of cobbles

of cobbles




FEET

FEET

60 T.18N.,R.23E.,Sec.24
120 Profile
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T.18N.,R.23F.,8ec.18

SAFLTY FACTOR

A-less than 1.00
-1.00 o L.25
C-greater than 1,25

CONFIDENCE LEVEL

A-boreholes
{high confidence)
f-neiar boreholes
stratigraphy visible
C-n0 stratiyraphy
visible (low
confidence)
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T.18N.,R.23E.,Sec.18

1. BLUFF

a-primarily
soil falls,
high angle
slumping
secondary

2. TOE

a-slumped till
'3A', some
slumped sand

3. BEACH

a-20-30 ft,
gravel and
cobbles

b-5-50 ft.
gravel and
cobbles




FEET

‘,\

120 64 T.18N.,R.23E.,Sec.18 =~ 7
7 Profile
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T.18N.,R.24E., Sec.7?

SAFETY TACTOR

A-less than 1,00
B~1.00 to 1.25
C-greater than 1,25

"CONI{ DENCE LEVEL

A-boreholes
(high confidence)
I-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.18N.,R.23E.,Sec.?

1. BLUFF |a-steep b-full face c-same as
rapidly slumping; segment 'a'
eroding slump block
bluffs; high heavily
angle slumps vegetated.
and soil
falls; lower
slopes
covered by
s Llumped
material.

2. TOE a-primarily b-slumped c-mainly d-slumped
slumped till '3A' slumped till !'3C" and
till '3A' and over- till '3A' sand and

lying gravel
lacustrine
sediments

3. BEACH |a-20-30 ft. b-20-30 ft. c-20-50 ft, d-20-30 ft,
cobbles cobbles and sand and cobbles

boulders cobbles '
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T.18N.,R.24L.,Sec. 7
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FIELD REPORT - REACH 26 s

Location and General Description

Reach 26 extends from about & mile south of the city limits of Manitowoc at
Silver Creek Park to the northern jetty at the Manitowoc Harbor. It includes
Section 5 of T,18N., R.24E. and Sections 32 and 29 of T.19N., R.24E. This is a
north-south distance of 3 miles. The reach has a priority ranking of 26 and is

therefore the eleventh most highly ranked reach north of Ozaukee County.

At the southern boundary of the reach land use 1is primarily agricultural with
a scattering of private residences along the shoreline. Within ﬁ mile the shore-
line is in parkland and at the northern two-tenths of a mile the shoreline is
occupied by the campus of the UW-Manitowoc Center. Moving northward the reach
passes through residential areas until reaching about the center of Section 32
at which point it enters Red Arrow Park. From the north end of the park to the
end of the section land usage is primarily industrial.
Long term erosion rates have been measured at two points in Reach 26 and both -

gave values of 1 foot/year.

Section 5

At the southern end of Section 5 the bluffs are 70 feet high and are made
up of 14 feet of coarse sand overlying 10 feet of till 3C which in turn overlies ‘
almost 50 feet of sand and gravel. Moving northward from this point both the
upland surface and the contact between the stratigraphic units drop rapidly. At
the south valley wall of Silver Creek the contact between the lower sand and gravel
unit and till 3C is 40 feet lower than at the south sectionline, 0.6 miles to the
south.

From the south section line to about 0.15 erosion is very rapid and slumping
and sliding of the lower sand and gravel in this high bluff area appears to cause
quite rapid retreat of the bluffs. From 0,15 to about 0.7 at the mouth of Silver

Creek slope failures occur mainly as slumps which often involve most, if not all, ‘ '
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of the face of the blufﬁ. From Silver Creek north to the end of Silver Creek
Park at about 0.9 there‘are no bluffs and shoreline e;osion occurs through the
action of waves against the low lying shoreline. From-this point north to the
section line slopes are gentle and completely vegetated with grasses,

In the south half of the section sénd and cqbble beaches are present, ranging
from between 20 and 40 feet in width. From about 0.5 to the mouth of Silver Creek
at 0.7 sand beaches predominate and range in width from O to 20 feet, From
Silver.Creek north to the northern section line the beaches are once again made
predominantly of sgnd and are for the most part wider than 50 feet.

Two structures were deséribed in this section. The first of these was a
bulkhead constructed Qith sheet pilipg which was located at about 0.5, The
second was & reyetment that was 1ocated at 0,66,

There was one 1oqg term erosion rate measuremént made near the northern

border of the section and showed a rate of 1 foot/year. Housing density was

given as 4 houses per mile. Finally, a water depth measurement taken in the vicinity

of Profile #1 showedvthé water 50 feet from shqre to be 2.5 feet deep.
Section 32 |

At the south section 1ine tﬁe bluffs of this sectiﬁn are 18 feet high and are
composed entirely of sand. The bluffs rise steeply to the nortﬁ and at the site
of Profile #1 (also the location of boring GT-19) the bluffs have risen to a
héight of almost 30_£eet and till 3C is now exposed overlying the sand, The
Profile site, which is about 0.15 mile north of the south section line, mnrks
the northernmost area in which good exposures of the bluff_can be found. North
of this point the bluffs are heavily vegetated and where exposures are present
it is often found that the surfﬁce of the bluff is veneered with fill materiai

that has been pushed over the edge of the bluff.



74

The surface continues to rise to the north until about 0.4 at which point
the bluffs are about 50 feet high. Northward from this point the bluffs lose
height rapidly and by about 0.8 have completely given way to a low sand plain
along the shoreline,

| The béaches along Section 32 are excellent sand beaches, ranging in width
from 30 to 50 feet from the south and extending‘from the south section line up
to'about 0.7 at the north end of Red Arrow Park. North of this point the
beaches are either absent or obtain a maximum of about 20 feet.

Two protective structures were described in this section. One of them was
a sheet piling bulkhead and the other was a low revetment.

One long term recession measurement was available near the south section
line and showed as average recession rate of 1 foot/year. Watef depths were
checked at the vicinity of Profile #1 where it was found that the water was
less than 2 feet deep at a distance of 50 feet from the shoreline.

Section 29

As part of a separate investigation the author inspected the south half
of Section 22 (the remainder is Manitowoc Harbor) and photographed the
structures lying along the shoreline in this area. It was found that the
entire shoreline is armored by heavy revetments or bulkheads and that the
bulkheads were backed by sand, some of which is undoubtedly fill. Since
this is a fully armored section, Section 29 has been deleted from this

investigation.



75 T.18N.,R.24E.,Sec.$

SAVETY FACTOR
A-less than 1.00
-1.00 to 1.25
Cc-greater than 1.25

CONFIDENCE LEVEL
A-boreholes
(high coafidence)
K-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.18N.,R.23E.,Sec.5

i

1. BLUFF a-rapidly b-large scale c-no bluff d-grass
eroding slumping; covered
high bluff; slump blocks stable
slumping and vegetated slopes
sliding,
largely based
in sand and
gravel in
lower half
of the slope

2, TOE |} a-slumped b~slumped c-slumped d-slumped
sand and till '3c' till '3C' till '3C'
gravel and sand

e-slumped f-sand
till '3cC'
and sand,

3. BEACH [a-20-40 ft. b-0-20 ft. c-greater
sand and sand than 50 ft.
"cobbles of sand




FEET

FEET
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T.18 .,R.24E.,Sec.5

PatkET

._1
120 Profile
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79 T.19N.,R.24E.,Sec.32

< >
«§$<§Qv {§$ \Sﬁ Qﬁ@ Q}p
o v )
& o S
v&q\9® &

SAFETY FACTOR
A-less than 1.00
B~1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-Dboreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.19N.,R.23E.,Sec.32

L. BLUFF a-low bluff, b-high bluff, c-no bluffs;
mostly fully sand
slumped till vegetated
and sand and much of

the slope
has a veneer
of fill

2. TOE a-slumped b-sand
sand and
till '3c'

3. BEACH | a-30-50 ft. b-0-20 ft.
sand sand
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T.19N.,R.24FE.,Sec.32
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Profile
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- .
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FIELD REPORT - REACH 27

Location and General Description

Reach 27 consists of the area between the northern jetty of the harbor at

- Manitowoc and the town of Two Rivers. The reach includes the shoreline in

portions of Sections 20, i7, 16, 10, 11, and 1 of T.19N., R, 24E, The reach
has a priority rating of 16, and is the most highly ranked reach in the
Sheboygan~Manitowoc study area,

Over most of this reach, the shoreline consists of a well constructed
revetment with either.sand, fill? or both behind. The immediate shore zone
is separated from residential, commercial, or park lands by a four lane
highway in most of the reach.

A few small, scattered beaches are found in this reach, but many,appeaf
to be ephemefal.‘ Someqof the beaches present when the reach waé inspected
were not found to be visible on the air photographs taken earlier in the year,
and some beaches shown on the photos were no longer present.

Because this reach is, with the exception of a single section to be dis~
cussed later, protected by heavy structures, which over large areas are backed
by £ill, no profiles or longitudinal profileswere prepared for most sections
in the reach.

Significant exposures of stratigraphy and unprotected shoreline segments
are, however, present in Section 16. The remainder of this discussion will,

therefore, be confined to this section.

Section 16

" The bluffs in Section 16 rise to a maximum height of about 30 feet above
the beaches. In the southwestern portion of the shoreline in that section,
very'little stratigraphy is exposed due to heavy vegetative cover and the
large amount of slumped silt that covers the greater part of even actively

eroding areas. About 3 feet of buff silt over 2 feet of silty clay was the
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maximum section observed in the southwestern portion of Section 16.

In the northeastern portion of the section, several excellent exposures
were located from which it was possible to determine the stratigraphy from
the top of the>b1uff to beach level. The section was found to consist of
basal lacustrine sands, which were overlain by a one to three foof thick bed of
till 3B, which was in turn overlain by roughly 1Q feet of the same red silty
clay observed to the southwest. The silty clay was in furn overlain by the
bluff silt found in the equivalent stratigraphic position iﬁ the southwestern
exposure. The silt was overlain by a highly oxidized till identified as till
3C, and the section was capbed with about a foot of sand. A thin greenish-grny
sand layer in this unit was found to make an excellent marker bed.

Although essentially flat lying where first observed, all éf the units
described were found to plunge to the northeast at the wayside on top ol the
hill in Section 16. The beds were then overlapped by a horizontally bedded
sand. The top of the bed of till 3C dipped into the subsurface at the north

section line.
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T.19N.,R.24E.,Sec.20

SAFETY FACTOR
A-less than 1.00
3-1.00 to 1.25
C-greater than 1.25

_CONFIDENCE LEVEL
A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.19N.,R.24E.,Sec.20

sand

. BLUFF none
. TOE none
. BEACH a-0-30 ft. b-no beach




SAFETY FACTOR
CONFTDENCE LEVEL

STABTLITY LINE

BLUFF

TOE

BEACH

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONI' L DENCE T,EVEIL
A-boreholes
(high confidence)
Ib-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
contidence)




89 T.19N.,R.24E.,Sec. 16
1. BLUFF |} a-no bluff b-low bluff; c-no bluff d-steep
slumps and medium to
flows low bluff,
sapping and
soil fall
2. TOE a-revetment b-slumped c-cobbles d-silt
silec and and fill
clay behind
revetment
e-slumped f-sand and g-till '3B' h-silt
silt and - silt
clay
i-till '3¢C!
3. BEACH a-0-20 ft. 'b-30-50 ft. c-no beach d-30-50 fec.
sand sand sand
e-0-20 fc. f-no beach g~200 fc. h-30 fr. sand
cobbles cobbles and cobbles
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T.19N.,R.24E.,Sec.16
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T

.21/.91

w

19

SAFETY FACTOR
CONFIDENCE LEVEL

STABILITY LINE

BLUFF

TOR

BEACH

SAFETY FACTOR
A-less than 1.00
B-1.00 to 1.25
C-greater than 1.25

CONFTDENCE LEVETL
A-boreholes
(high conlidence)

S

B-near borcholes
stratigraphy visible

C-no stratipraphy
visible (low
confidence)
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1. BLUFF none
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T.19N.,R.24E.,Sec.10

2. TOE none
3. BEACH a-20-30 ft. b-no beach
sand ’




T.19N.,R.24E.,Séc.1l

SAFETY FACTOR
CONFIDENCE LEVEL

STARILITY LINE
BLUTE

TOE

BEACH

SAFETY FACTOR

A-less than 1.00
3-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL

A-boreholes
(high confidence)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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T.19N.,R.24E.,Sec. 11

1. BLUFF none

2. TOE none

3. BEACH a-no beach b-20-30 ft.. c-no beach
: " gand




T.19N.,R.24E.,Sec.1

SAFETY FACTOR
CONTFIDENCE LEVEL

STARILITY TINE

BLUKFF

TOT

REACH

/6

e [
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o T.19N.,R.24E. ,Sec.1/6
1. BLUFF none
2. TOE none
3. BEACH a-no beach b-50 ft. + c-no beach

sand
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