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INTRODUCTION

This Appendix provides detailed infbrmaﬁioﬁ on shoreline conditions
within much of the county. The order of ﬁaferials in the Appendix is
from south to_nortth Parts 6f the shoreline are broken down by reach
(see County Map) and geographic section within-each reach. There'is a
text which describes the characteristics of shoreline conditions at the
beginning of each reach section, This,is‘accompanied by a map of the
whole fea;h which shows the sections, public perception of erosion ha-
zards, shore damage in 1952, short- and long-term reéession rates, bluff
height, shore protection structures, houses per mile, and boat ramps.

VLocation of geotethnical borings 1is indicated‘on the county map at
the beginning of the Appendix. Logs for geotechnical holes and detailed
location maps are giveﬁ at the end of all of the méps in the reach con-
taining that geotechnical site. For each geographic section (one mile
long) a map showing the location of shore prétection structures which
are numberéd 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 toe of the slope, and beach characteristics
is also given.. Engineering data such as safety factor; the confidence
level on this safety factor, and the distance the slope must retreat to
attain a stable slope angle is also given. It should be noted that this
distance assumes no wave cutting at the base of the bluff. This dis-
tance 1s referred to in the text as a stable slope distance. Also in-

cluded with each section is a set of profiles from the water's edge to
o . el
Pre e ™ CT Clwd

the bluff top.ﬁ~Theée‘profiles show stfatigréphyghélope angles, circles

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



P

;tance‘to é 5 foot Aepth of water is also gi?en.» The date when the profile
- was measuréd is also giﬁen. Remember that- the bluff profile could have
chénged Qince the profiles wére measured.

Iﬁe:heaning of abbreviations used in the Appendix is given on this
page. For more detailed description_of the methods used in compiling.the
data, regional interpreﬁations, and conclusions about the engineering
chafacteristicé.and types of slope failure taking place refer to the mainb
report (Shoreline Erosion and Bluff Stability Along Lake Michigan and Lake
Superior Shorelihes of Wisconsin) available from the State Planning Office

and the Wisconsin Geological Natural History Survey.

Symbols Used

(Used as nouns and adjectives)

b- boulders.
c clay or clayey
co coarse

f fine

g gravel

m medium

P pebbles
s sand

si silt

t till .
y cobbles

t(1A) till pame
SF Factor of Safety
A - unsatisfactory ( 1.00)
B - questionable (1.00-1.25)
C - satisfactory ( 1.25)
CL Confidence Level
A - high confidence ~ at borehole
B - medium confidence - near borehole,
stratigraphy visible
C - low confidence - away from borehole,
stratigraphy questionable 4

SL 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 materia
and water table. '
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Reach 7

Location

Reach 7 is located in southerﬁ Milwaukee County. It consists of
approximately 4 miles of shorelihe in sections 25, 24, 13, and 12, T5N,,
R,22E, and section 31, T.5N,, R.23E, The southern boundary of the reach
is at the Oak Creek Power Plant and the northern boundary is at thé large
groin in Grant Park. Land use in the southern 3 of the reach consists of
farming and parkiand, whereas in the northern % the land is used for resi-
dential and industrial. purposes.

Reason for Criticality

This reach ranks 3rd on the Erosion Problem Area priority list with a
value per mile of 26. This high ranking is based on 1) the Army Corps of
Engineers 1952 Shore Damage Surveying, 2) the very high short term recession
raté of 6 ft. per year, and 3) the Army Corps of Engineers critical area
list. A

Reach 7A

Reach 7 is divided into two parts based on the type and severity of
bluff erosion. Reach 7A is an area of relatively stable bluff directly
north of the Oak Creek Power Piant, It is 3 mile 1ong and located entirely
in section 36, T5N.

Section 31,'T.5N.

The part of section 31 that is included in reach 7 is directly north
of the Oak Creek‘;ower Plant. In this area the groin like action of the
power plants protecfive structures have built a very wide sand beach.i The
sand beach dissipates the wave energy and protects the toe of the bluff so
that stable slopes ére maintaiﬁed.

The bluff height in this stretch is about 80 ft. and the topographic

profile of the bluff shows one long straight slope inclined at approximately

20o to 250. The bluff is entirely vegetated with large trees.



The stratigraphy of the section consists of a gray clayey till near

the foot of bluff overlain by a series of lacustrine silts and sands.

Reach 7B

The northern division of reach 7 is an area of highly unstable bluffs
with. rapid recession rates. The failure type is rotational slumping in most
places with little or no vegetation on the bluff and narrow beaches not
protecting the -toe..

Section 25, T.5N.

Beginning at Oakwood Road and moving northward (Bluff Cond. map, sec. 25)
about 1/3 of a mile consists of a scalioped bluff top with fairly large slump
blbcks and steep scars. These are discrete slumps, concave in plain view.

The failures are seated in or at the base of the silt and interbedded fine

sand just above the lqwer till unit. Profile 1 (sec. 25) shows a typical

bluff profile across one of the slumps and profile 2 (sec. 25) shows a profile
typical of areas between the slumps. Profile 3 is acrossvan older slump block
adjacent to a stream gully. The toe material is primarily slumped clayey,
¢ilty till. Exposures are reasonably good in areas between slumps although
there is a skin layer of debris on the slope. Major seeps occur at the top

of the lower till.

The middle 1/3 of section 25 (Bluff condition map) has few large discrete
slumps but shows nearly continuous rotational failure in small blocks (oblique
R22-9). This may be Becéuse more stratified material, inciuding the silt-clay
units are acting as individual‘failure surfaces. Exposures in this section
are poor. Major seeps in this section occur at the top of the upper till and
minor éeeps are present at séveral levels within the clay and interbedded sand
units above. Water can be seen in most of the depressions between slump blocks.

The beach in this area is less than 5 feet wide céusing the slumped

material at the toe to be eroded. No structures are present in section 25.



In the northérn part of sectipn 25 and southern part of section 24
the bluff has mainly straight slopes'and failure is by slide and fall.

The stratigraphy of section 25 consists of a lower gray clayey till
(with a few shale pebbles) which ranges in thickness from 6 ft. to 18 ft.

A few inclusions of lacustrine material are present in the till. This till
is overlain by a sequence of lacustrine deposits consisting primari}y of
silt interbedded with fine sand. The silts are overlain by till in all loca-
tions exceptbprofile 3 in section 25. Here a wedge of medium sand and silt
interbedded with fine sand and is 60' thick. This wedge is local and was
probably deposited in front of the advancing ice front which deposited the
upper till.

The upper till, identical (in the field) to the lower till in the sequence
ranges from 10 feet thick in the northern part of section 25 to 68 feet thick
at the southern edge of section 25. The thick till is located in the.inter—
section of the bluff with a moraine and coincides with the highest part of the
bluff in this section.

Section 24, T.5N.

Section 24 is in the center of reach 7. lLand use of the bluff top is
primarily for industrial purposes. The conditions present in the seétion are
as follows.

In the southern part of section 24 fhe bluff has straight slopes and
failure is by sliding and falls. The beach is narrow or absent and exposure
is reasonably good. There are relatively few seeps in this section, possibly
becaﬁse of lower infiltration because of fine-grained soils at top. Some
minor seeps occur on top of the clay and interbedded sand unit (Sec. 24,
profile 1. Some small slumps are also seated on this clay unit.

Approximately .25 miles north into section 24 the slope is covered with
concrete debris and there is no exposure. This isva straight slope and is

relatively stable except for the concrete blocks that are sliding downhill in



 ’;91ac¢s.' Manufacturing plants a;e'present on the bluff top;

g -_No;th of this (.4 miles N. of sectiﬁn iine, the bluff has.been graded

, énd_grassed. A road comes nearly to the water. What is assumed to be a

- pumping station (oblique R21-33) is protected by sheet pilings. Just north

of the sheet piling, a small expssﬁre exists on a straight slope (Oblique R-21-32).
_Haterial exposed in the vegetation—bare area is primarily debris from grading
a1though>abou£ 8 feet of till occurs at the toe and is probably in place.

'Er§si§n is téking place here because it is just south of a breakwater.

At mile 24.5 (oblique R-21, 31) a breakwater protects the shoreline and a
beach 720' wide exists. Most of the bluff is. covered with industrial waste
(ashes, unidentifiable material). The Slope is relatively stable and is
represented:by profile 2. A small pumping station is located at the north_

.end of thé breakwaterz
| North to the section line the slope is vegetated with grass and_brush.

Rubble has been dumped on the slope in many areas. Beach width is 5-20' wide
except where the profile was done aﬁd here is is poor. ‘At this location a
possible light reddish-brown till is present at the top of the bluff. No
obvious seeps are present in this area.

Section 24 ends at the water treatment plant which is protected by sheet
piling. The bluff above this is graded anq grassed and appears to be stable.

The stratigraphy of section 24 is similar to that in sectiqn 25. At the
base of the bluff is a gray clayey pebbly till which is overlain by lacustrine
sequence. In the southern 3/4 ofAthe section the upper lacustrines are ex-
pésed at the bluff top but in the northern 1/4 a red brown till caps the bluff.

The texture of the lacustrine sediments varies throughout the section.
In brofile 1 thé lower lacustrine depdsits are coarse grained sands and
éravels withlfrequent boulders. To the north the lower lacustrines are
massive silts. Thg upper 1acustrihé units grade frpm clay at the southern

section line to silt at the northern section line.



T.5N., Section 13

*

The section begins at the waste water treatmenf plant which occupies
the southern .25 miles of section 13. The plant is surrounded by sheet
piling and the slope above is graded and grassed. It appears stable.

North of the treatment plant fhe beach is wide (~20') and the upper part
of the slope is graded. The slope is straight, partly covered with vegeta-
tion and appears stable to 13.5. Just north of this the beach becdmes
narrower and there is less vegetation on the bluff. At the bluff top,

land use is residential. Bluff height is about 100 féet.

Profile 1 is fypical of this zone. No large slumps occur and most
failure is by flow or sliding. The lower part of the slope is made up of
two tills similar in composition (clayey, sandy or silty) with sandy silt
between. The upper till (about 40' thick) is overlain by lacustrine silts
and clays with sand af the top. North to 13.8 the stratigraphy and bluff
condifions remain the same although the top of the lower till decreases in
elevation.

Throughout this area (to 13.9) seepé,occur at the top of the lower and
upper tills and more seeps occur in the clays abéut 25 feet below the bluff
top. A major aspect ofislope retreat here is spring sapping which takes
place on top of this clay layer and on top of the uﬁper till, Several
ravines (13.7) have grown due to this process and also to some extent,
surface run-off concentrated at the bluff top.

At 13.8 a fill and small docking facility is present. Just north of this
the beach is wide (> 20') and the bluff is vegetated (70%) ana reasonably
stable. No large slumps or failures are present. North to the section line
the bluff height drops to 80 feet and the beach narrows to =5 feet at the

section line.
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Profile 2 is a slope typical of the unvegetated, narrow beach zonevin
' 13.9 - 12.0. The same stratigraphy is present as at profile 1 except the

silt and fine sand unit between the tills thickens to 38 feet.

T.5N,, Section 12
Much of this section has fairly low bluff. Bluff height is about 60

feet at the south end and it is fairly flat to about 12.4. This surface

is a terrace of Oak Creek and is graded to 640'. Oak Creek enters the lake .

at 12.5 and more terrace occurs qorth of this point in southern Grant Park,
The bluff then rises to about 90 feet af the north end of the section.

The bluff north to 12.25 is covered with flbw and slide debris and has
a beach 5 to 20 feet wide north‘to a 900 foot long revetment at 12.1. Above
the revetment the slope is partially vegetafion covered and is straight.
Sliding is taking placg with no large slumps. Minor seeps are present on
top of the upper till ;t the south end.

Northvof the revetment some slump blocks (partially vegetated) are
present and seated on top of the lower till. Seeps occur on top of this
till in local areas. Much'of the toe is covered by slump and flow debris and

looks like Profile 1. The beach is wide ( 20 ft.) and little toe erosion

is taking place north to 12.4.
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T.5N.,R.22/23E,,Sec.31/36 -

SF=.959
-
-~

SF=.81
~

SAFETY FACTOR

A-less than 1.00
B-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.SN.

,R.22/23E.,Sec.31/36

1. BLUFF

a-steeper slopes;
middle portion of..
bluff less modi- .
fied by flow units,
smaller flow units

" | b-primarily earth

flowage in two

ma jor recognizable

episodes; tops of
‘older flows form
.more or less contin-
. uous terrace,

of bluff face

younger
units cover lower 2/3

c-compound slope
failure,slump debris
fully modified by
flowage

2. TOE

a-mostly consisting of slumped lacustrine sediments

3. BEACH

gravel

a-less than 20 ft. sand and

b-10 to 20 ft. sand and gravel,
widens southward
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- : . T.5N.,R23E.,Sec.31/36 .
A . : _ , . o

30 ft. to 5 ft.depth.
gravel

v .
0% vegetation
80% vegetation-grass

important seep zone in

o QW
[
Moo &

I 60— e ) very fine sand 75% vegetation-willows
. ~..81,fs -E 80% vegetation-trees
T e ——probably lacustrine;- willows. serub
49004 - -77 . concealed by slump ’
concealed. - 115 ft.horizontal interruption
20 sand dune
: D
wch
1 1 T T T T T ] T T T 1 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280
120 ;

SF: .53 Profile.2 % &7z

35 ft. to5ft.depth

100
gravel
625
80 o —_—
- si,fs_ A-B 0% vegetation
1 F-\’?‘: it B-C 25% vegetation
1 697 , C-D 80% vegetation
- si,fs flow lobe D-E  80% vegetation
40"“ \\\
N\'«»
20— .,
\ D E beach
/
T T T 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 SF M2 Profile 1 {
100- . o 41 ft.to 5 ft.depth
"K—‘— _major seep zone , sand and gravel
801 \\ flow lohe . »
- AN A-B 0% vegetation
Jd 60 \.\ » ) B-C 60% vegetation
J n N ——— contact transitional C-D 957 vegetation-grass
- \ between till and lacustrine sediments
: ) si/fs :
40 \\ seeps in lacustrine sediments

- 20 ~.

beach

| . T - T T T T T ) T -
‘ 20 40 60 .80 100 1|20 140 160 180 . 200 220 240 260 280
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T.5E.,R.22E.,8ec.25

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

CONFIDENCE LEVEL
A-boreholes
(high confidence)
R-near boreholes
_stratigraphy visible
C-no stratigraphy
visible (low
confidence)
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©

- T.5N.,R.22E.,Sec.25

1. BLUFF | a~-discrete slumps b-small slumps, c-eroding bluff, no
‘ leaving concave lateral spreading "~ large recent slump :
cuts and scalloped without discrete blocks although older
bluff top large slump blocks blocks probably being
' , truncated, shallow
slides

2. TOE a-50% till in place |b-slumped mixed c~-till, most in place
50% lacustrine lacustrine silts
silt and till and till
s lumped

3. BEACH | a-5 to 20 ft. beach |[b-less than 5 ft.

pebbles with
" cobbles

beach, cobbles,
otherwise no
- beach

4, STRUCTURES-none in this section
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120 V 21 : T.5N.,R.22E.,Sec.25
: Profile 3 é/é/%é

65 ft.to5 ft.depth

100

' cobbles,sand
N.62°F.

80— —_—

Slope 5% vegetation
-Entire sequence may be
displaced downward slightly
SF=1.04 due to slumping
kin of debris over

40—

20
beach-

T : v T T T T T T T T T T =
20 40 60 80 100 120 140 160 180 200 220 240 260 280

7 ) . Profile 2 /; .
100 67 ft. to 5ft. depth
SF=1.00 pebble, cobbles,
sando
80 N.64E. »

~-100 ft. north of profile
in area between slumps

60— . -typical of bluff between
_ slumps
-slope 20% vegetated,grass
40 -skin layer over most of
si/fs section
20 seeps at base of small slumps and

T T T T T T T 7
20 40 60 80 100 120 140 160 180 200 220 240 260 280

SF=1.24

120 Profile 1 :.7 .

100 67 ft.to 5 ft.depth

N.64°E.

80—

-50 ft. N. of section line
in slump

60— -50% vegetation

' section slumped
40—
20—

beach-cobble,pebble

)

) T T T T =T T T | T T T —
! 20 40 - &0 80 100 120 140 160 180 200 220 - 240 260 280
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:  T.5N.,R.22E.,Sec.25. .
22 o : Profile ~ -

ft.to 5 ft.depth

"FEET

: T T T T T 1 T T T i
40 60 80 100 120 140 .160- 180 200 220 240 . 260 280
~ : : Profile

ft. to5ft.depth

___>

T T ) T T T T . r r .
4b 60 80 100 120 140 160 180 200 220 240 260 280
Profile 4 5/,/].3-‘/575

/s ft.to 5 ft.depth

SF=.69
&———— numerous small slump blocks

\& vegetated seeps

‘__>.
Characteristic of north %
of section-numerous small
slumps without deep cirque
like cuts '

slump block

boulders-15 ft.

1 o0 Bl 1 | ]} | I 1 T T
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T.5N. R.22E. ,Sec. 24

SAFETY FACTOR

~ A-Tess than 1.00
B-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.5N.,R.22E.,Sec.24

25 .
1. BLUFF| a-
2. TOE a-till in b-broken c-sheet piling|d-till in place
place concrete fill behind
e-Slump
debris
3. BEACH| a-no beach b-less than ¢-no beach d-greater than
: 5 ft., 20 ft.,sand
boulders
e-no beach f-5 to 20 ft. | g~no beach h-5 to 20 ft,
~ wide, pebble wide, pebbles
and sand and sand
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420 26 T.5N.,R.22E.,Sec.24
7 Profile 3 é/’c /n
100~ - 60 fi.to51t.depth
: sand
804 . —_—
R . 2 ft. of rubble “A-B 407 vegetation
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60 -=S :
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20—
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20 40 &0 80 100 120 140 160 180 200 220 240 260 280
120 Profile 1 . .
3 ft. sod overhang N.60° E.
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40 _
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SAFETY FACTOR
A-less than 1.00
B-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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1., BLUFF a-relatively b-shallow c-protected, d-shallow
stable, no slides graded, slides
‘recent relatively
failures, stable
graded

2, TOE a-slumped, b-siumped, c~in placé; d-£flow,
vegetated, lacustrine till lacustrine
now graded silts silts

3. BEACH { a-sand,pebbles | b-sand,pebbles | c-boulders, d-sand,pebbles

at water line
, +20 ft.

e-greater than
20 ft,

at water line
5 to 20 ft.

£-5 to 20 ft.,

broken
concrete,
no beach

g—leés than
5 ft.

greater than
20 ft.
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Field Report — Reach 8
Location
This reach is located in Townships 5 and 6 N.,, Range 22 E.,Iin southern
Milwaukee County. It is approximately 6.5 miles long ana extends from the beach
at Grant Part north to the part of Milwaukee County protected by a breakwater.
Land use along the reach varies from industrial in the south to park land and
some residential to the north.

Reason for Criticality

The reach ranks #8 in priority in the Erosion Problem Areas list with a
value per mile of 12, This value is based on (1) the long term recession rate
of 1.foot per year and the short term recession rate of 2 feet per year,

(2) the Corp of Engineers 1952 Shore Damage Survey value of 2 to 3.2, and (3)
the bluff height.
Reach BA

Reach 8 is divided into 4 parts using the type of slope failure present.
The southern most part, 8A, is an area of stable bluff with wide beaches formed
by several groins. It extends from the central part of section 12 north to the
southern part of section 1, T.5N. (Grant Park).

Section 12, T.SN

The northern half of section 12 is included in reach 12 and in particular
in reach 12A. The area discussed here is in Grant Park‘and begins at the outlet
of 0Oak Creek (no feal bluff is presenf at the mouth of the creek. North of the
creek a groin (structure 12.5) marks the southern edge of Grant Park. North
of the groin a large beach and parking lot exists in front of the heavily
vegetated bluff which rises to 640'. The beach and heavily vegetated bluff

continues north to 12,8 (oblique R-21, 11).

-
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Here the beach narrows fo about 20 féet_and small exposures are present at
the base of the 510pe.v It seems likely that this is due to the presence of
sand approximately 10 feet thick af the foot of the slope (profile 2). 1In
plaées it is covered with a Qeneer of slide and flow debris but in outliers
it is exposed in nearly vertical cuts, Undercutting is probably responsible
for failure at the slope bottom. fhe upper SIOpé is vegetated with fairly
large trees. The sand is dry where expésed. At the north end of the section
the slope is reasonably well protected by groins, Stratigraphy is very poorly
exposed on the wooded slopes.

Section 1, TSN

From the south section line north to 1.4 the slopes are tree covered and
stable except for minor undercutting in basal sand unit. In most places this
is not exposed., The ﬁeight of the bluff decreases from about 90 feet at the
secticn line to about 80 feét at 1.4. All of section 1 is within Grant
Park. The shore north to 1.4 has a beach 20" wide probably due to the groin
at the south end of the section.

Reach 8B
The second division of reach 8 extends from the southern part of section 1,
TSN north to the northern part of section 25, T.6N. In this area the major
portion of slope failure is by translational slides and groundwater sapping.

Throughout this stretch the stratigraphy consists of a lower gray
clayey till separated from a yellow buff to pink silty till by a very thick
sand sequence. The bluff height is near 100 feet in this area.

Section 1, TSN

The conditions present in the area of reach 8B are as follows.

North of 1.4, slope failure is taking place primarily by sliding. Several
small slumps aré seated on silty clay and clay at 60 feet above water level
(oblique R 21-2)., Seeps are excessive along the top of this unit, probably

because of permeable materials along the bluff top. Less well-developed sceps
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occur at the tbp of the till. Some spring sapping is associated with the slump
blpcks in the upper sand.

At the north end of sectioﬁ 1 (profile 3) a thin till is present at the
top of the section, This till is clayey, sandy and gray when unoxidized. - It
is buff to pink when oxidized. This till continues to be present toward the
north.

Section 36, T6N

This section has a uniform stratigraphy of till, (gray clayey, sandy) at
_ base between 20 and 40 feet thick., The upper part of this till is less sandy
than below. Some pink to red inclusions are present near the base.

Above the till lies a persistant unit of silt and interbedded fine sand.
It is wet throughout and holds a steep face in some places (profilé 2). Above
the silt is primarily sand with minor interbedded siit. This unit is about
30 feet thick and is overlain by varying thickness of clayey gray till which
weathers to buff-pink (0.12 feet thick).

Failure in this section is primarily by spring sapping and flow of sand
above the uﬁit of silt. Excellent examples can be segn on oblique photos
(eg. R-20, 34). Below the éilt slope wash, slides and flows are taking place.
No large slumpsvare present. Throughout much of the section the upper slopes
are wooded where sapping has not caused gglly formation. Some old gullies have
also become wooded. Lower parts of the slope are generally bare because of
active sliding due to excessive water from top and within silt. Much of the
toe is flow debris,

The beach throughout the section-is>20' except at 36.7, just south qf
two storm sewer drains which act as groins. In‘the northern part of the section

the bluff has numerous wooded ravines or sapping scars.,
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Section 25, T6N

The stratigrapﬁy exposed ip section 36 continues into this secfion, except
that a sand unit is present at the toe. The occurrence of this unit is evi-
dently coincident with the steepening of the bluff and the excellent exposure.
Almost no vegetation is present between the south section line and 25.3 where
structures cause an increase in beach width and undercutting of the toe is
absent (profile 2). Throughout the section'seeps occur above both silt layers
although they are not as excessive as they are where only sand overlies the silts
(to the south). Sapping does occur in the sand and gravel on top of the lower
silt unit.

At 25.4 a pumping station has been built just above lake level and the
slope is graded along a road down to it. North of the station to 25.6 the beach
is 20 feet wide and the slope is about 50% vegetated (primarily the upper part
of the slope). Sand still underlies the toe and when the beach narrows under;
cutting takes place producing falls of the till above (oblique R-20, 24, Profile 3).
Except for ravines, the bluff remains 80-85 feet high with fairly straight
slopes and little vegetation.

Reach 8C

Reach 8C is an area of stable bluff and wide beaches located behind the
groin field in Sheridan Park. It includes the northern % of section 25 and
the southern 1/3 of séction 24, T6N.

Section 25, T6N

At 25.75 a groin field is present and slopes are wooded at the base. Some
minor slides are present on the upper part of the slopes. The beach is well
over 20 feet wide and thus there is no undercutting taking place. Sheridan

Park extends north into section 24,
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Section 24, T.6N. .

Seétion 24 begins in the northern part of Sheridan Park and conpinues
north for 0.5 miles. North of Sheridan Park crops occupy the field above
the bluff. In the southern 1/3 of the section is protected by groins and
beach width exceeds 20 feet and the bluff is wooded at the top and base.

The central part of the slope is 50% vegetated with shrubs, grass, and
occasional trees. No stratigraphy is exposed. Profile 1 shows a typical
relatively stable slope. Some flow and slide occurs in the central part
of the slope.

Reach 8D

The northernmost part of reach 8 is an area of steep unvegetated bluffs.
The slopes arevféiling by translational sliding and bluff retreat is relatively
rapid. The severity of the erosion cquld, in part, be attributed to the
protective structures:surrounding Milwaukee Harbor.

The area extends from the southern part of section 24 north to the
electric power plant in section 14.

Section 24, T.6N.

The conditions present in section‘24 north of the stable slope area
are as follows.

North of 24.3 the beach narrows to less than 20 feet and vegetation
becomes sparse. The slope steepens and drops from about 100 feet at pro-
file 1 to about 70 feet at profile 2.

At the base éf the section ceveral feet of sand is exposed, overlain by
10 feet of reddish brown sandy till which is very compact and bouldery. This
till has not been seen south of here in Milwaukee Co. Large boulders derived
from the till are present along the beaéh and can be seen on the oblique (R—ZQ,
13) and vértical photos, This till is probably equivalent to the Haeger till.
>0rganics were collected from this unit just above water level. An excellent

boulder pavemeht is present to the north where the unit is overlain by another

till.
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This pavement merges southward with a line of beach gravel which terminates
this till aﬁd'the overlying till.

The overlying till is gray, clayey, sandy or silty and is typical of Wadsworth
till to the south. Organics are present dispersed in the till. Above the till
is of fairly continuous thin layer of sand and sand and gravel. This unit is
water bearing and a large number of seeps occur at the base. Undercutting in
the gravels occurs especially where the unit is thicker between between profiles
2 and 3 (see longitudinal profile).

North of the profiles to the section line, the bluff decreases in elevation
to 601 feet., At the section line the bluff top has been graded.

Section 14, TE6N

At the south end of fhe section and north to the end of the reach (southern
‘ extent of Milwaukee Harbo? breakwater) the bluff is protected by a revetment and
north of that a breakwater around a power plant. .Slopes are graded and there
are no exposures, North of the power plant there are exposures but these were

not examined because they are in reach 12 and this was not designated as critical,
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SAFETY FACTOR

A-less than 1.00
B-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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1. BLUFF | a=shallow b-relativély c-shallow - d~relatively stable
slides . stable - slides ~ protective struc-
' protected ture and wide
by revetment beach graded and
wooded slopes
responsible
2. TOE a-in place b-broken c-toe material | d-toe material not
concrete not visible visible
nothing slope graded
natural
visible
e-in place
sand and
boulder
layer
3. BEACH { a-5-20 ft. b-concrete c-+20 ft. d-concrete
sand ' revetment revetment
‘'no beach no beach.
e-+20 ft.

sand
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T.5N.,R.22E.,Sec.12
Profile

ft.to 5 ft.depth
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T.5N.,R.22E.,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)
B-near boreholes
stratigraphy visible
C-no stratigraphy
visible (low
Confidence)
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1. ELUFF | a-stable b-primarily
‘ vegetated, slides,
no recent several
failures shallow
slumps
2. TOE - a-sand with a b-slumped silt,| c-sand, in d-slumped
tree, bush sand with place material
and grass petbles,
-cover in placqd cobbles and
boulders .
-mudflows
throughout
3. BEACH | a- +20 ft.
cobbles

and pebbles
grading into
sand )
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SF=,62 : T.5N.,R.22E.,sec.1
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cearse gravel
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52 T.6N.,R.22E.,Sec.36

SAFETY FACTOR
A-less than 1.00

B-1.00 to 1.25
C-greater than 1.25

CONFIDENCE LEVEL
A-boreholes (high
~ confidence)
"f~near boreholes
stratigraphy visible
C-no stratigraphy
visible (low-
confidence)
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T.6N.,R.22E.,Sec.36

5

a-the entire section has shallow slides with the exception of

1. BLUFF
' ' several major slump blocks,flows and ravines due to spring.
2. TOE a-slumped silt,| b-in place c-slumped silt,
soil and till sand
till
3. BEACH | a-greater than | b-5 to 20 ft.,| c-greater than

20 ft.,sand

with pebbles
and cobbles

at high wave
line.

sand and
pebbles,
cobbles at
high wave
line

20 ft.,sand

with pebbles
and cobbles

at high wave
line
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_T.6N.,R.22E.,sec3t
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T.6N.,R.22E.,Sec.25

20~

50 d

ft.

50
75
fe.

0-
10
ft.

«ﬁb
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N
SAFETY FACTOR
"~ A-less than 1.00
 B~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.6N.,R.22E.;Sec.25

H-thick

of bluff

1 1. BLUFF | a-few large "b-affected by f-few slumps,

' slumps,major structures, clean slope, vegetation,
seeps cause slopes more no vegetation more gentle
deep ravines vegetated less sapping slope,trees
due to sapping] (50% grass), than southern cover nearly
excellent less sapping part probably | 100 % :
exposure more flow ' due to till

(some flow cap, many cuts

terraces - at due to surface

base), a few runoff

slumps

2, TOE a-25% under- b-sand not c-257% sand H-all flow
cutting in exposed,flow exposed, debris, 100%
sand, terraces of remainder is vegetated,
remainder thinj till and: unvegetated, 6 to 15 ft.,
flow, no lacustrine fresh flow medium sand
vegetation, silt,vegetated| debris,till, at base
slide debris, 6 to 15 ft., ~silt,6 tol5 fty.
mainly till, medium sand medium sand at
6 to 15 ft., at base base
medium sand
at base
3. BEACH | a-greater than [p-5 to 20 ft,, [-greater than pg-5 to 20 ft.,
5 ft.,pebbles pebbles at 20 ft.,pebbles| pebbles at
at waters water's edge at water's water's edge
edge, sand sand to base edge, sand to sand to base
to base of of bluff bluff of bluff
bluff
e-20 ft.,

pebbles at
water's edge,
sand to base
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T.6N.,R22 E.,Sec. 25

120 Profile 3 6/18/7¢
.100... 50 ft.to5ft.depth
t v, ':<
,c,81 4 °

80— N.60°E. 1~

si/ts -no vegetation
-translation

.60 -minor sapping nea

fg,s /b,y pavement top _
- . . -boulder layer
co ~_S€eeps SF=.49 yer,

40 S'g probably beach
$hsi sample 1 14
A —_ -gravel looks like

At c.s 7 beach at base,
204’ <7 possibly higher
s .med - ' old water level
’ beach-s,p 32 ft. wide, 10%slope
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120+ : Profile 2 €7
N.70°E.

80— sample 1 —_—>
tie SF=.68 -50% vegetation
si/fs -between groins

60— -no major slugp, tran
S-mco _ lation, sapping
g,s seeps (less intense than profile)

40 ¢,si . /

t,c,p ic ‘
sample 2
204 t,c;s, ¢ sample 3 _
; /sc_)me small mud flow terraces, sand . generally
S-m — /beach- s,p 20 ft. wide, slope 7° covered
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120 Profile 1 & = "
100 - 70 ft.to 5 ft.depth
.60°E.
80— __N—E>
-no vegetation
-some small slumps,
60 mostly translational
_ -skin layer 1-2 ft.
thick in places
40— §P=.33 -extreme sapping at
gravel 30 ft. below
surface.
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— -failure by sliding
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: . base of gravel
5 -clean surface
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A beach-s,p 18 ft. wide, 6 slope
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T.6N.,R.22E.,Sec.24

SAFETY  FACTOR

A-less than 1.00
B-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
coufidence)
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" T.6N.,R.22E.,Sec.24

- a-relatively

b-shallow‘élides

3. BEACH

20 ft.,sand

sand and
gravel with
cobbles and
boulders.

1. BLUFF _
o - . stable no translational
~recent movement only,
failures,well] wvery steep
protected by slope
groins
2, TOE "a-slumped till | b-in place c-in place
sand till
. a-greater than | b-5 to 20 ft.,
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SF=. 39

.o
————— excessive seeps

sample l-organics
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" T.6N.,R.22E.,Sec.24

sample 2,sample 3~ organics
beach-s,y, 12 ft. wide 7°slope

Profile 3 47 s

53 ft.to5ft.depth
'N'.7O°E:,
- boulders and
cobbles
-translational

failure
-0% vegetation

120

100

80—

T R 1 | | 1 T |
20 40 60 80 100 120 140 160

b 60~

40—

covered slope -

excessive seeps

s/g/SIZT TN P
talus slope

T T T
180 200 220

20 % vegetation

70% vegetation

0% vegetation

| | 1
240 260 280

Profile2 =« 17%.7-

. 60 ft. to5ft.depth

N.70°E. .

-translational
failure

beach-s,y, 20 ft. wide 5%slope

120

T T T T
20 40 60 80 100 120 140 160

100

rest of slope covered by
flow and or vegetation

1 i T
180 200 220

80% Qegetation

240 260 280
Profile 1
53 ft.to 5 ft.depth

O

-no recent failure

beach-s,g,y, 100ft.wide 5°slope
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180 200 220
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T.6N.,R.22E.,Sec. 24

1201 64 ~ Profile
100 " 11.10 5 ft.depth
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SAFETY FACTOR

A-less than 1.00
B-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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1. BLUFF | a-all graded,
' grassed -
and stable
2., TOE. a-all protected
" 3. BEACH a- -5 ft. b-against c-prbtected- d- -5 ft. to
. revetment no ‘beach ‘revetment .
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Field Report on Reach 10
Location
Reach 10 is located in Townships 7 and 8 North, Range 22 East, in
northern Milwaukee County. The reaéh is about 6.5 miles-long and extends
northward from the Waterworks at Lake Park to Fox Point. Land use in the
reach is limited to residential areas (Shoreﬁood, Whitefish Bay, Fox
Point) and Parklaﬁds (Shorewood, Buckley, Big Bay, Silver Spring, Klode,

and Doctors Parks).

Reason for Criticality

Reach 10 is ranked #6 on the Erosion Problem Area priority list having
a value per mile of 20. This value is based on (1) the long term recession
rate that varies from 20 to 30 ft. per 100 years; (2) the Corps of Engineers
1952 Shore Damage Suryey value of 1.2 to 16.2; and on (3) the Corps of

Engineers list of critical erosion areas.

Reach 10A

Reach 10 is divided into 5 parts baéed on the slope conditions of the
bluff. Part 10A at the southern end of the reach (includes section 10 and
4 of section 3). is a stretch of very stable bluff, heavily wooded bluff.
T.7N., Section 10

Section 10; the southernmosf section in reach 11 begins at the Water-
works in Lake Park. The plant is built entirely on land fill and is pro-
tected by a seawall constructed of sheét piling. ‘The slope above thé land
fill is graded and grassed. Immediately north of the Waterworks, the bluff
is very low, 40 to 60 feet and is well protected by a very wide beach (50
ft.) formed by thé groin like action of the landfill seawall. The slope is
gentle and tree covered. Northward the bluff height quickly increases to
100 feet (10.15) and then to almost 120 feet (10.2). At the same time the
beach width decreases from 50 feet to only about 20 feet. At 10.2 a sea-

wall and groin combination protect the toe. These protective structures
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function well to 10.4. At this point an older seawall which has been
overtoéped; collépsed, and uhderﬁined fails to protect the toe, céusing
an 8' scarp to be formed. The material visible at the scarp is slumped
soil, The upper slope is wooded and appears stable. The old seawall
continues with several interruptions to the end of the section.

The first profile at 10.65 shows what appears to be a stable slope
with its toe protected by a seawall (R-18-9). The bluff height is 116 feet
and the angle of élope is 170. There is no beach, instead a few cobbles
and boulders protect the seawalling from being undermined. The vegetative
cover was 100% before the property owner clearcut the bluff slope; at pre-
sent the cover is 50% (low grasses and weeds). Although there is no
noticeable erosion in this profile on the adjacent property owners land
there is a large deep seated slump block. The slump block is marked by a
" six to eight foot scarp. Boring logs from Soil Testing Services, Inc.
indicate that the upper réd till extends to a minimum depth of 60 feet.

At 10.7 a small terrace begins, and extends north to 10.9. It reaches
a maximum width of over 200 feet at 10.8.

The seawall is absent at 10.8 and the resulting eroded toe exposes é
feet of sandy, clayey blue-gray £ill. At 10.85 another small exposure shows
4 feet of sandy, clayey, blue-gray till over which lies 3 feet of gravel
and 4 ft. of medium yellow buff sand. At both of these exposures a small
( 5 ft.) beach of cobbles is formed.

A collapsed seawall at 10.9 is.the site of the worst erosion in section
10. A 50 foot section of the seawall is collapsed and another 100 feet is
seriously overtopped (R-18/6). The property owner,'in an effort to pro-
tect his house, has dumped_a large qugntity of fill over and on the blgff.
This is.the first part of the section that is devoid of vegetation. There

are several small scarps (2 feet) marking the location of several slump

3
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blocks within the fill material. The bluff height at this point has -
&ecreased to abéut 80 feet.

From this location to the end of section 10 a functioning seawall
protects the toe of the steepest slope in the section (270). The vege—
tation on the slope is 80% to 100% and contains several large trees. The
last 50 feet of the section has a sand beach that widens to about 25 feet.

The presence of seepage was not noticed, although the groundwater may
be responsible for movement along the failure planes of the slump blocks.

The use of the bluff top is entirely residential in this section.

T.7N., Section 3

Section 3 starts at the southermmost groin in Shorewood Park. The bluff

height at this point is 76 feet high as indicated in profile 1. The slope is

relatively stable (27°) and completely grassed. Three groins at the park

-have built a wide (80 ft.) beach which protects the toe of the bluff.

North of the park the slopes are covered with trees (maple, basswood,
ash, cherry, willow, poplar, oak and locust) with diameters up to 15 inches.
The slope is stable and the beach wide (40 ft.) north to 3.35.

Profile 2 at 3.35 shows a stable 240 slope protected by a wide beach
( 20 ft.) and a small seawall. The bluff height is 80 feet and the vege-

tative covering is 100%. There is no evidence of seepage.

Reach 10B
Reach 10B is an area of unstable bluff which is characterized by both
translational sliding and by rotational slumping. The area extends from
the middle of section 3, T.7N., north to 21.8 T.8N,.
The bluff height in 10B varies from 70’ to 80' in sections 3, 33, énd
28 (T.8N.) and rises to about 120' in section 21, T.8N.

The general stratigraphy of reach 10thas an upper red brown silty till

separated from a trio of lower tills by a sequence of silt and interbedded
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silt and sand. The thicknesses and the position in the bluff of the till
and lacustrine sediments'is variabie énd is best viewed 6n the‘longitudinal
profile.

Throughout the reach two types of slope failﬁre were evident." In one
type rapid toe eroéion of the bluff causes steep lower slopes and shallow‘
translational slides on the more gentle upper slopes. In fhis case the toe
material was usually in placé (lower blue-gray sandy till or silt) or less
often there was a small quantity of upper red till or silt debris covering
the toe. (The slide material was carried away as rapidly as it fell).

This type of failure is limited to the very active slopes.

Slumping, the other type of failure, is caused by toe erosion coupled
with the presence of seeps and lubricated rotational failure planes. Slopes
" exhibiting this type of failure usually have large blocks of slumped debris
(out of place) coyering the toe. This characteristic is due to the fact that
the slump blocks pile up at the base of the bluff faster than they are re-
moved by wave action. The topographic profile shows a gentle lower slope
and a steep upper slope. Rptational slump scarps were ohserved on even the
most stable appearing slopes such as those protected by seawalls, groins,
and terraces.

Throughout the reach several minor seeps occur in the lower parf of
the bluff either on top of the lower blue-gray clayey-sandy fill or over
a less permeable silt or clay layer. The presence of the seeps with tﬁeir
sapping action does not add greatly to.the erosion problem. Their major
contribution is in reducing strength alohg.failure planes.

The beach conditions in the reach vary greatly depending on the pro-
tective structures, Where groins exist wide (60 ft.) sand beaches pro-
tected the slope. Wheré seawalls exist there is a émall sand and‘cobble

beach or none at all. Revetments usually have no beach.

0
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Section 3, T.7N.

The northern 3 of section 3 is mérkedly different from the-soutﬁern.%.
The bluff height increases, the beach width decreases and the slope becomes
very unstable. |

North of profile 2 the beach narrows and the bluff height increases.
At 3.5 the beach is 5 feet wide and the toe of the slope is being rapidly
eroded. The vegetation is limited to the upper % of bluff and the lower %
is marked by continuous shallow slides. The first in-place stratigraphy of
section 3 was located at 3.55. Here a blue-gray sandy till with many’
cobbles and pebbles is exposed just above the lake level. Above this till
is an intermediate till which is blue-gray, silty and not as pebbley as the
lower till. On top of this intermediate till is a brown-gray, clayey till
with a high shale pebble content. The thicknesses of the tills is as
follows: 1lower blue-gray, sandy till - 12 feet thick; intermediate blue-
gray silty till - 8 feet thick; brown-gray clayey till - 5 feet thick.
Above the 3 till units is a thin 4 ft. thick layer of silt and sandy silt.
The silt l3yer marks the top of this exposure.

The cobble beach widens slightly (5 to 20') and the bluff height in-
creases to 108 feet at 3.67 (profile 3). Only the upper 1/3 of the bluff
is vegetated (90%) giving a good exposﬁre in the lower 2/3.

At the base of the exposure and extending 28 feet above the water level
is a sequence of highly oxidized interbedded sands and fine gravels (2' dia.).
Above this layer is a 10 foot thick layer of blue-gray, silty till with
frequent boulders and a high gravel content. Above this unit is a brown-
gray clayey, shaley till about 4 feet thick and a silt layer about 4 feet
thick. These lower units form the steeper (40%) 1ower slope which is being
rapidly.eroded by wave action. It is thought that the lower sandy till is
below the water level and that it is the intermediate silty till which is

exposed over the sand and gravel layers.
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The more gentle. upper slope (290) is composed of a red brown éilty till
which extends up to the bluff top making the layer 70 feet fhick._ The till
in this layef ié éubject to shallow translational slides, with the base of
the slides being at the red till - silt contact or at the brown gray till -
silt contact. The upper limit of the slide scars is about 80 feet above lake
level or about 52 feet above the base of the slide zone. No springs were
observed at the profile 3 location.

From profile 3 at 3.67 northward to profile 4 at 3.87 the beach retains
its 5' to 20' width while its texture changes from cobbles to sand and
pebbles. The bluff height decreases to 72 feet and all of the stratigraphic
layefs dip to the north making them appear lower in the bluff.

Profile 4 located at 3.87 has bluff height of 72 feet and is vegetated
only on the upper 1/3 (80%). The sequence exposed has the intermediate blue-
gray silty and gravelly till at the base and extending 10 feet above the
water level. (The thick sand and gravel unit exposed at the base of profile
3 is not visible at this location), On'top of this till is 6 feet of brown-
gray clayey till with a high shale pebble content. Over these lower tills
and separating them from the upper red brown till is a lacustrine sequence
including 4 feet of silty clay and 12 feet of pinkish brown silt. Above the
pinkish brown silt is the red till, which extends 40 feet to the bluff top.

The shape of profile 4 is similar to profile 3. Wave aétion eroding
the toe of the bluff has caused a stéep lower slope (51°) triggering
shallow translational slides which are responsible for the upper more gentle
slope t30.5°). The break in slope occurs in the silty clay and is coincident
with the occurreﬁce of several minor seéps. The fact that the break in slope
occurs'much lower on the bluff in profile 4 than in profile 3 can be attributed
to the impérmeable silty clay and blue-gray till appearing lower in the bluff.

Northward to the end of section 3 similar conditions exist, the oply
changes are that the stratigraphic layers rise causing the break in slope to

rise also. Most of the bluff top is used as a residential zone.
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T.8N., Sections 33 & 34

Sections 33‘and‘34.are considered fogether because théir combinéd length
is only that of a normal section (the shore line just cuts a corner of sec-
tion 34). The section line marking the southern exfent of sections 33 and
34 runs along Hampton Avenue. Best access to the bluff and beach is through
Big Bay Park.

From 34.0 to 34.2 the bluff height is about 70 feet to 75 feet. There is
a 5 to 20 foot beach of sand and cobbles and almost no vegetation. Toe ero-
sion is rapid causing steep lower slopes and shallow translational slides on
the upper more gentle slopes. At the base of the bluff is the blue-gray
sandy and gravelly till which is separated from an intermediate blue gray
silty till by a boulder pavement. Over the silty till is a layer of brown
gray éhaley clayey till. The lower three tills are separated from the upper
red brown till by a lacustrine sequence of silty clay, sandy silt and a
widening wedge of sand. The thicknesses of all of these lacustrine layers
increases toward the north, to profile 1 at 34.2.

A sfone filled steel crib at 34.1 is intended t§ protect the bluff toe
from wave action but has failed completely due to flanking and overtopping.

Minor seeps occur at the base of the medium sand at the base of the
sandy silt. These springs reduce friction along failure surfaces but are
not responsible for sapping on any large dégree.

A seawall partially protects the toe of the bluff at about 34.18 caus-
ing the slope to be more highly vegetated. The upper 2/3 is 100% covered
while the lower 1/3 is bare of vegetation. The failing seawall extends in
part to 34'2f It is here that profile 1 was drawn.

The bluff height at profiie 1 is 76 feet and the vegetative cover is
80% on the slope with the slide scars consituting the 20% that is unvegetated.

The stratigraphy of the profile includeé'a blue gray sandy gravelly till

extending from the water level to a height of almost 20 ft., followed by an 8
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.fqot thick’layer of blue gray silty till and a 6 foot. thick layer of brown gray
vclayey shaley tili. These layefs form the steepef (44”) 1lower slope whéré the
more rapid toe erosion is occurring. Above the tills and their corresponding
break in slope is a massive gray silt about 16 feet thick, a gray sandy silt

10 feet thick, a medium sand 8 feet thick, and the red till 8 feet thick extending
to the bluff top. This sequence of lacustrine deposits and till form the more
gentle (27°) upper slope. The slope failure scars are present all of the way

to the bluff top in this profile.

Several sprihgs occur above the lower clayey till in the massive gray silts,
These contribute to the translational slides present on the upper slope. Within
the upper slope more seeps occur at the base of the medium sand, but are not
responsible for any increased rate of SIOpe.failure.

The beach at profile 1 is of sand 15 feet wide. This continues to 34,22
where a revetment protects the slope. Behind the revetment the slope is covered
with £ill debris which is subject to slides and slump in the near future due to
its very steep slope.

Starting at 33.25 and continuing north to 33.45 2 seawall protects the‘
bluff below Big Bay Park. In this stretch the slope is 31%, relatively stable
and completely vegetated (100% weeds and trees up to 15" in diameter). The
bluff height is 69 feet and the beach is nonexistant except where a groin has
been added to the seawall (33.3)., This area of the bluff and shore is depicted
in profile 2.

North of 33.45 the seawall is collapsed and the stratigraphy is exposed.
Profile 3 (33.55) is typical of the bluff to about 33.63. The bluff height has
increased to 86 feet and the beach width is 15 feet‘(pebbles). The vegetative
cover is 100% on the upper 1/3 and 0% on the lower 2/3 of the bluff., The same
stiatigraphy is found in profile 3 asbwas described in profile 1, with thé
exception that the lowest blue gray sandy gravelly till is not present due to

an overall lowering of the beds. At the base of the bluff is a 4 foot thick
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" layer of silty blue gray till and a 2 foot thick layer of brown gray clayey

till. The tills are overlain by 25 feet of pink silts and 13 feet of interbedded
gray clay, gray silt, and fine sand. Above these layers is 19 feet of cross
bedded fine and medium sand and 23 feet of red brown till. The lower tills are
covered in most places by slide debris which forms the low angle (25°) lower
slope. The pink silt, gray clays, wilts, and fine sand and the crossbedded fine
and medium sand hold a second and steeper slope (47°). It is this slope that
represents the cutting action of the waves.

The upper red brown till forms a third break in slope with an angle of 22°,
This layer is being undermined by the rapidly eroding lacustrine deposits and
is subject to translational slides.

Seeps are located in this profile above the lower gray till and above the
gray clay, silts in the medium and fine sand. Both of the seeps are minor.

At 33.6 the slope configuration changes in that the shallow slides are
no longer the major slope failure form. Here large deep seated slump blocks
are present. The rotational failure planes extend from the top of.the bluff
to the lake level. The photos 17 and 18 (roll 17) show the large slump blocks
resting at the bottom of the bluff (note the jumbled lean of the trees) and the
rotational failure plane extending from the bluff top to the lake level. This
stretch of shoreline should be very active in fhe near future because of the
concentrated erosién focused on the area by the protruding Monestary structure.

At the moneStary (33.7) an extravagant protection device was constructed
by Foundation Engineering, Inc., It consists of a ponred concrete seawall
supported by wooden pilings with £ill material placed behind it to stabilize
the slope, (photo 18, roll 17). At this time protection against.flanking_

seems inadequate.
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North to the end of the section the bluff height decreases to 70 feet while
the beach varies from 5 feet to:g maﬁimum of ébout 25 feét.‘ This entire stretch
of shofeline is affected by'large rotational slumps with rapid toe erosion and
shallow translation slidés being addedrto those areas with narrow beaches,

Other than Big Bay, and Buckley Parks, the section is residential.

Section 28, T8N

Section 28 begins at Silver Spring park. Best access is through either
Silver Spring Park or Klode Park. The bluff top use is both residential and
parkland. |

The conditions present at the beginning of the section continue north to
profile 1 (28.24), The bluff heigﬁt is about 70 feet (73 feet at profile 1)
and the beach is 25 feet wide, In the zone of breakers the beach is of cobbleé
and beyond the line of waves the beach is sandy. The vegetative cover is about
90%. At 28.14 there is a very large stretch of bluff marked by a succeséion
of slump blocks. Silt is exposed at the toe but this is slumped material.
Numerous springs were observed on either side of slump blocks and standing
water was observed on the rotated back edge of the lower slump blocks.

Profile 1 located at 28,24 shows a close look at the stratigraphy which
has varied considerably from that in section 33. At the base 13 feet of silty
clay is overlain by 7 feet of silt and 33 feet of interbedded sand and silt.
Over the sand and silt is thé familiar red brown till (19 feet thick). The
blue gray, and brown gray tills, having dipped to the north, are not exposed,
Also the érossbedded medium and fine sands beiow the red till in section 33
have pinched out and are replaced by the thicker sequence of interbedded sands
and silt. Several flowing seeps are located at the contact between the inter-

bedded sands and silt and the less permeable silt.
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The topography of profile 1 was interesting in that a large mound of slumped
till, silt, and sand had rotated to a point 45 feet in front of the toe of the
bluff. The slumped material had a sttgp toe and a gentle back slope which
'deséehded tc the true bluff toé; The lower slope of the bluff is in place silt
and silty clay covered by a veneer of slumped till. This part of the slope is
inclined at 23°, The single break on the bluff slope occurs at the top of the
silt layer about 19 feet above lake level. Above this point the interbedded
silt and sand and the red till hole a bluff face angle of 40°. _At the top of
.the bluff is a small overhanging escarpment. Failure was due to toe erosion
and slumping along ground water lubricated planes.

From profile 1 (28.24) north to profile 2 (28.25) the beach remains
constant (25 feet wide) and the bluff height increases from 73 feet to 82 feet.
With the increase in bluff height the stratigraphic layers are exposed higher
in the bluff.

At profile 2 (28.25) 21 feet of silty clay is exposed at the base of the
bluff with 8 feet of silt over it and 32 feet of interbedded silt and sand on
top of tﬁe silt. At the top of the bluff is 20 feet of red till. The topographic
profile here is similar to the first in this section. The lower part of ‘the slope
is a gently sloping (20°) debris pile. The upper part of the slope is a more
steeply sloping (40°) and marked by several (4) small escarpments. The slope
is 40% vegetated. Slope failure is due to rapid toe erosion and slumping along
the silt and interbedded sand and silt contact where flowing springs were numerous.

These conditions prevailed north to Klode Park (28.4, photo 27, roll 17)
where the beach widens and the slope is graded and grassed. The bluff at the
park is stable, . However north 6f the park the s10pe steepens and becomes
unstable again. The beach narrows to about 25 feet and the bluff height remains
slightly over 80 feet., At profiles 3 and 4 the stratigraphy and slope was
measured in an effort to compare a slumping unvegetated slope with a highly

vegetated more stable looking slope.
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Profile 3 the slumping area is about 50% vegetated.. Its stratigraphy.is
the same as the other profiles in section 28'wheré there is silty clay:(16 feet
thick) at the base followed by silt (12 feet thick) and a sand lens (6 feet thick)
which did not appear elsewhere in the section. Above the sand lens is 34 feet
of intérbedded silt and sand and 16 feet of red brown till which formed the
bluff top. The slope was again in two sections, the lower part being élump debris
at a low angle (20°), where as the upper slope holds a steeper slope (40°). A
flowing spring was located in the medium sand above the more impermeable silt.

The more stable looking slope at profile 4 was 100% vegetated and had a
more even'slope with no_breﬁks and an inclination angle of 33°, Despite the
stable appearance of the profile a large opening scarp was forming at the bluff
top.

The beach at both of these profiles and to the end of the section is about
25 feet wide and consists of sand and pebbles.

From profile 4 to profiles 5 and 6 the bluff height increases to 94 feet
and the units within the bluff rise in relation to the lake level. The slopes
of the bluff are completely vegetated (100%), with grass, bushes, and trees
up to 15" in-diameter. Between 28.52 and 28.9 a terrace formed by an old
beach protects the toe of the bluff, making this stretch stable.

At 28.9 the terrace is goné and the toe of the bluff is subject to erosion.
Profiles 5 (28.94) and 6 (28.96) show a rapidly eroding area and a more stable
wooded slope. The stratigraphy at profile 5 is the same as that which has been
described throughout the section, with the exception that the rise in units ﬁas
exposed more the lower silty clay (28 feet). Above this is the seduence of silt
(14 feet),'interbedded gilt and sand (41 feet) and red brown till (12 feet) at
the top. Seeps occur at the bottom of the sand and silt layer 'and are in part
responsiblé for the slumping which occurs in the silt layer. The foe material

of the bluff is slumped till and silts.
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The adjacent mofe stable slope depicted in profile 6 shows only one constant
siope angle (28°), and is heavily wooded. The rapid toe erosion has triggered.
several small failures at periodic intervals on the bluff face (the largest of
these is at the bluff top).

The conditions described here, alternating slumped and wooded slopes, con-
tinue to the end of the section.i

Section 21, T8N

Section 21 begins with the conditions described at the end of section 28.
The first stretch of fhe shore from 21,0 to 21.23 has a 25 foot beach of sand
and pebbles and a biuff height that increases from 98 feet to about 112 feet.
The slope along the stretch has a rapidly eroding toe with a steep lower slope
and more gentle upper slope. The failure is mostly of a translational slide type
but a scarp due to rotational slumping was visible along most of the bluff top.
The lower & of the slope is unvegetated while the upper + is completely covered.

At 21.23 a small groin is respohsible for a wide beach (50 feet) which
protects the toe of the bluff north to 21.4. Along this region of beach thé
slope does not have a steep.lower half and the trees extend down to the beach.

Profiles 1 (21.31) and 2 (21.33) are located at the northern end of the
wider beach area. At this point the slope is less stable as shown in profile 1.
Here the bluff height is 118 feet and the stratigraphy has graded to a slightly
diffefent composition or texture, than that which was reported ‘in section 28.
At the base of the bluff is a massive silty cléy (17 feet thick) followed by a
21 foot layer of silt, silty clay, and clayey silt., Over these two units is a
50 foot thick layer of interbedded sand and silt and a 30 foot thick deposit of
red brown till extending to the bluff top. The topography of the profile shows
a steep toe of slumped material, above which is an almost even slope.of 30°.
At the top of the bluff in the red till is a small scarp. There is a flowing

seep at the base of the interbedded smand and silt which forms a small bog on
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the slumped toe material. This saturated zone supports numerous ﬁorsetailé.
The rest of the slopé is 70% vegetated with trees, grasses énd shrubs.

Profile 2 shows a stable slope that is 100% vegetated. This is a very
interesting topographic profile in that it is the only convex slope found.
The three breaks in slope form a bulging profile.

North of these profiles to the point located at 21.43 the slope is inter-
mittently stable and failing. The beach becomes very narrow and the bluff
remains almost 120 feet high throughout this stretch. At the point (21.44)
just above the water level there is a small exposure that was interpreted as
bedrock. The resistant nature of the bedrock is reesponsible for the point.

North of the point to about 21.52 a structure protects the toe and allows
a stable slope to be maintained. The vegetation extends to the 5 foot to 20
foot wide beach. Beyond the structure the scars of several slumps and slides
are evideﬁt on the generally wooded slopes. When present the failures are
usually due to rapid toe erosion and then the sliding of the undercut upper
units. Other than a slightly widening beach these conditions prevail to the
beginning of the terrace at 21.8. Profile 3 at 21.76 is typical of the stretch.

At profile 3 the bluff is 118 feet high and the beach is 10 feet wide.

The stratigraphy from the base up is as follows: 5 feet of blue~gray, sandy,
gfavelly till; 9 feet of intermediate blue-gray silty till; 2 feet of brown-
gray, clayey, till; 10 feet of clayey silt and silty clay interbedded; 34 feet
of silt and sand interbedding; 19 feet of silt; and finally 39 feet of red brown
till at the top.' This stratigraphy varies from the more southern exposures in
that the thick lacustrine clays fouhd at the base of the last 5 exposures are
here pinched to only 10 feet while the iﬁterbedded silts and sands have attained
a thickness greater than that which is exposed'td the south. The slope has a
short steep toe (45°) above which is a large even slope (35°). A small scarp

marks the top of the bluff. Seeps occur at the base of the upper silt layer

o
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and at the‘bqse of the interbedded silt and sand. The lower seep is verylactive
and forms a.small scarp from its sapping actién. "The entire slope is vegetated
with shrubs and trees (locust and elm) up to 8" in diameter. Many broken concrete
slabs add a minimal amount of toe protection. Profile 3 is at the end of the
B part of reach 10.
Reach 10C

The third part of reach 10 is an area of Nipissing age terrace protecting

a very stable wooded bluff,

Section 21, T8N

in section 21 from 21.8 to the northern end of the section an increasing
wide terrace develops. (The maximum width of 320 feet.is at the northern
section line). The terrace is composed of the blue~gray sandy till just above
or just below the water level and about 10 feet of sand, gravel and cobbles over-
lying the till. 'This combination provides excellent erosion protection for the
bluff and the terrace itself, for as erosion takes place, a wider beach is built.
In addition to this natural protection most of the property owners have in-
stalled a variety of seawalls, groins, revetments, and.piers along the entire
terrace. ' (Land use in this area is entirely residential.)

The bluff above the terrace is considered very stable being removed from
the eroding areas and completely vegetated. The slope angle in profile 4 was
26° and there was ho evidence of scarps.

Section 16, T8N

Profile 4 of section 21 can be considered profile 1 of section i6 as it
‘was recorded along the dividing section line. The conditions described in this
profile continue through the entire section with little variations. The land
use is residential (Fox Point) so each prOpQrty ownerAhas constructed somé
type of protective structure on his own land. This leads to a continuouély
protected shoreline consisting of revetments, seawalls, and groins. The

beach width varies with the type of structure used. 1t reaches 2 maximum of
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40 feet at 16.51 where-a'large groin is used, and is almost noneXisteht where
‘revetments and seawalls are present.

The terrace width increases from 320 feet at 16.0 to almost 800 feet at
16.5 and then decreases to 480 at the end of the section. The stratigraphy is
the same as that described earlier; blue-gray sandy till either just above or
just below the water level with 8 or 10 feet of sand, gravel, and cobbles
bverlying the till.

The bluff behind the terrace decreases in height from 111 feet at the
southern section line to 90 feet at the northern section line, The slope for
the whole section is completelyvvegetated énd can be considered very stable.

Section 103, T.8N,

The lake terraée described previously continues along first .35 miles of
the section 10 shoreline. This first stretch of shore is completely residential
and is well protected by many privately owned groins, revetments, and seawalls.

Profile 1 along the 16/10 section line is characteristic of the first part
of section 10. The terrace is 480 feet wide and, as expected, composed of sand,
gravel, and cobbles with a blue-gray sandy till foundation. The blﬁff behind
the terrace is 90 feet high and has a 25° slope for most of its length. (Therg
is a short foot with an 18° slope.) Although this slope is completely vegetated,
far removed from wave action, and without recorded seeps there were several
minor slump scarps noted.

Reach 10D

At 10.35 the terrace disappears and the bluff is again subjegted to the
effects of wave action. The slope steepens slightly and the vegefative covering
drops from 100% to about 70%. There are nb major failures in this stretch due
to adequate toe protection in the form of a seawall, These conditions extend
to 10.5 where a series of 5 groins build a wide beach. The wide sand beach

area ends at 10.75 which is beyond the end of reach 11. The slope in the groin

o,
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area is 100% vegetated and at a lower angle than the area behind the seawall, This
slope is considered stable. The land use from 10.35 to the end of reach 11 at

10.62 is parkland (Doctors' Park).
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T.7N.,R.22E.,Sec. 10

1. BLUFF | a-relatively b-toe erosion | c-severe toe d-relatively
stable no where erosion with stable, no
recent seawall translational| recent
failures failing, and slumping’ failures

several deep above
seated slow

moving slump

blocks on

upper slope

2. TOE a=not - b-till c-fill of d-not observed
observed overlain by till
because of sand and
dense gravel in
vegetation place
and thick
soil,
probably till
in place .

3. BEACH | a- +20 ft. b- -5 ft. c- +20 ft. d- -5 ft.
sand seawall sand seawall and

fallen trees -
e-5~20 ft. f- -5 ft. g- +20 ft.
sand jand seawall sand

cobbles
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94 T.7N.,R.22E.,Sec.3

S G
s @
TeY Y & s D
ARG < ® <0 O
5&;&?’ < o *F
O

SAFETY FACTOR
A-less than 1.00
B~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.7N.,R.22E.,Sec.3

1.. BLUFF

a-relatively b-shallow
stable, well translational
protected slides, rapid
~toe erosion
2. TOE a-toe material | b-slumped sandy|c-till in
not visible till, in - place
due to isolated
vegetation places sand
cover and gravel
in place is
visible
3. BEACH | a- 420 ft. b-5-20 ft, sandfec- -5 ft. d-5-20 ft.
sand beach : sand and sand and
gravel gravel
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T.8N.,R.22E.,Sec.33/34

SAFETY FACTOR

A-less than 1.00
B-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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7 T.8N.,R.22E.,Sec.33/34

.,

1. BLUFF | a-rapid toe b-relatively c-rapid toe d-large
erosion, stable erosion, rotational
slides protected slides on slumping
(shallow) by seawall upper slope
on upper : :
slope °

e-stable due f-slow g-rapid toe h-slow
to grading erosion, erosion erosion
and seawall translational translational
slides and slides
several
slump blocks .
©2. TOE a~till in b-not visible c-in place d-slumped silt
' place due to silt and till
vegetation
covering
e-not visible f-in place g-slumped
silt and silt -and
lacustrine till
clays

3. BEACH | a-5-20 ft. b- -5 ft. c-5-20 ft. d- +20 ft,
sand and seawall sand sand
cobbles

e- -5 ft. f- +20 ft. g- -5 ft. h-5-20 ft. .
sand sand revetment cobble




T.8N.,R.22E.,Sec.33/34
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T.8N.,R.22E.,Sec.28 .

103

SAFETY FACTOR
A-less than 1.00
B-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.8N.,R.22E.,sec.28

>

1. BLUFF

a-A series of b-fairly stable c~in stable condition
rotational slumps, condition due to| although the presen-
as waves erode toe, the seawall and ce of slumps, possibly
bluff becomes un- sand build-up due to the sand build-
stable.Springs behind it which up at the toe from an
prevalent in the protects the toe| old beach deposit
silt layer,standing of the bluff. which protects the toe.
water on the bottom Scarp face Heavily vegetated.
most slump -possible}| eyident at the Scarp face evident at
impermeable layer top of the bluff| the top of the bluff,
below which a lubri-
cated plane is pro-
duced for the faults
to slump down.

Vegetation is preva-
lent throughout

most of sleope. Slopg
angle seems to be
approximately 40°.

Scarp face evident

at the top of the A
bluff,

d-same as a- above.

2. TOE a-slumped _ b-debris c-slumped d-slumped
till i sand and till
silt ‘

e~slumped f-slumped g-sand h-slumped
silt till resulting silt

from waves
overtopping
seawall

i-sand, j-part of k-slumped . 1-slumped
possibly soil silt till
an old profile
"beach
deposit

3. BEACH | a-greater than 25 ft.; approximately 10 ft. from the water's

edge-pebbles and cobbles; to toe of bluff-medium sand.
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T.8 N.,R.22E. Sec. 28

100 . , . , © T 126ft.to 5 ft. depth
: SFe .39 o . _ sand.

slip face N.120? E.

80— c,t 3=

A-B  50% vegetation-trees,

60— grass, bushes
Tre- slumped silt
40 flowing seeps
si Beach—ms,y, 39 ft. wide,
20— 4° slope
nsy

T T T T T T T T T T T T T 1

20 40 60 80 100 120 140 160 180 200 220 240 260 - 280
120 | Profile 2 4/21775
100 125 ft. to5ft. depth

sand

& : N.110°E.

80 . successsive escarpments —_—

A-B  40% vegetation-ggh,
Eruiseedum, Typha
Angustifolia,
honey suckle.locust
birch,suga~ maple

si/s escarpments

40 .
flowing seeps <F= ,80 Toe-slumped till
si ‘
20 2auiseedum and typha angustifolia
si.c B beach-m-fs.y, 27 ft.wide.
7° slope
T T T T T T T T T T 1 T T ]
20 40 60 80 100 120 140 160 180 200 220 240 260 280
120 Profile 1 6/ i)
100 1520 ‘ft to 5 ft.depth
A : N.110°E.
- . —_—
80 4 s %

escarpment
P Toe- slumped till

60—

40

‘ heach-ms.y, 25 ft. wide,
a0 .—-_-—\\\—~— —|— flowing seep 77 slope

‘ ' . I 1 H 1 T
" 20 40 60 80 00 f20 14C 160 18 200 226 240 260 280
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T 8N..R.22E. Sec. 28

Profile 6 6/294/76

150 ft.to 5 ft.depth

sand

N,90°E. ;
4-B 100% vegetation-treeé,
grass,bushes
Small failures down bluff
at periodic intervals

Toe-slumped till

Mh—s,_c, 20 ft. wide,
40 slope

' T T T T
20 40 690 80 100 120 140 160 180

T T | !
200 220 240 260 280

)

Profite 5 & 7:¢//7,

150 ft. to5ft.depth
sand

N.90°E.
—_—

A-B  20% vegetation-

Toe-

SF=.83

beach-s,y,

120

100

20

T T T T T T T
20 40 60 80 100 120 140 160 180

scarp face-partly vegetated

T T 7 T ]
200 220 240 260 280

PR

Profile b

126 ft.to 5 ft.depth

N.120° E. 3
A-B 100% vegetation-birch
up to 8'', basswood,
ash. '
B-C 100% vegetation-poplars,
horsetails,willows
Toe-slumped till

N

beach-ms,y, 40 ft wide,
o
4 slope
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108 T.8N.,R.22E.,Sec.21

%
. T.8N.,R.22E. é%t?

Y
co@%

SAFETY FACTOR

A-less than 1.00
B-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)




© T.8N.,R.22E.,Sec.21

109
1.BLUFF a-rapid toe b-relatively |c-slumnipg d-rapid toe -
erosion with stable,no anag toe erosion with
translational recent erosion, translational
slides above failures many seeps,| slides above
: unstable 4
e-relatively
stable,no
recent
failures
2.TOE a-in place b-slide c-in place d=slide debris,
silty clay debris,red silty clay, red till,
till,silt not exposed silt and
and sand sand
e-intermittantly f-in place
in place and paleo beach
covered by a terrace
thin veneer of .
slide and flow ’
debris
3.BEACH |a-5 to 20 ft. | b-less than -¢c~less than d-less than
sand : 5 ft.,sand 20 ft., 5 ft.,
and cobbles sand cobbles and

sand

e-5 to 20 ft.
sand

f-less than
5 ft., sand
and cobbles,
revetment
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i, s-c-t,p

“T.8N.,R.22E.,Sec.21
Profile 3 /25 /%

1£5 ft.1o51t.depth.

sand

A-B 95% vegetation

-Failure types: minor
slump at top. Relatively
stable in middle,minor
slump and translational
movement at bottom.

-A-B-locust and elm up to
8" in diameter.

concrete slabs

beach-s,p, ;0 ft. wide
o .

7 slope

20 40 60 80

T T T ] T
100 120 140 160 180

B=38°

Y T T T —
200 220 240 260 280

Profile 2 6/2%/%

150 1. to 5ft. deptr

sand

—_—
A-B 100% vegetation

20

s/si

T T T ] T
100 120 140 160 180

Sr=1.0

' T T T 1
200 220 240 260 280

frry

Profile 1 ;2774

150 ft.to S ft.depth

N.110°E. 3
A-B 70% vegetation-
trees
B-C 70% vegetation-
horsetails
Toe- slump
beach-s,y, 7%slope
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T.8N.,R.22E.,Sec.16:

SAFETY FACTOR

A-less than 1.00
B-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.8N.,R.22E.,Sec.16

:

a-relat.sciy stable, several giump scuxps noted.

1. BLUFF
2. TOE: a-in place paleo lake terrace, till and beach sand, gravel, cobbles
3. BEACH | a-less than b-less than c-less than d-less than

5 ft. sand,
revetment,
seawall

20 ft.,
sand

5 ft.,
sand,revet~
ment ,seawall

20 ft.,
sand
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~ P
" T.8N.,R.22E.,Sec.16
Profile

ft.to 5 ft.depth

T
140

T
180

T T I !
200 220 240 260 280

-

Profile 2 %.:= 4.

72 ft. to5ft.deptt:

..
v o

g

___.__.___>

A-B 100% vegetation
-trees up to 18 inches in
diameter

~-stable slope

460 ft. horizonta:
interruption
terrace

~.

120

100

T
140

T
180

T T T 1 1
200 220 240 260 280

Profile 1

;::T""-Jtt,}o 5 ft.depth

—
A-B 1007 vegetation
-trees up to 15 incheg in

diameter
-stable slope

290 ft. horizontal
interruption

1
aon

\\\\\‘—_ residential terrac
\B sea wall
1

1 . 1 R 1
LY, ann 240 240 280
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T.8N.,R.22E.,Sec.10

SAFETY FACTOR

A- less than 1.00
B- 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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i

T.8N.,R.22E.,Sec.10

a-former lake terrace

south grading to no

beach in the north,
 composed of medium

grained sand

d- 425 ft, medium
grained sand

41. BLUFF b-No lake terrace, 100% .| c-Former lake terrace
protects a bluff with vegetation on a stable protects a bluff with
approximately a 25 bluff, 30° slope. approximately a 25
slope with 100% vege- Seawall to protect toe. slope with 100% vegeta-
tation. No evideunce no evidence of bluff tion. No evidence of
of failure on the failure, failure on the bluff,
bluff, '

2. TOE | a-toe material b-sand
not visible
due to shore
structeres
and vegeta-
tion
3, BEACH| a- -30 ft. in the b-no beach c- -15 ft..

medium grained sand




117 T.8N.,R.22E.,Sec.10 -

120+ Profile
100 ft.to 5 ft.depth
“ao_ f—_———__——_,"
-
w
W 60
W
40
20
T T T T — T T T T T 1 ] 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280
120 - Profile
100— ft. to5ft. deptt
80 *——~——-————j—l->
’__
ul
W 60
L
40
20
T . T T T T T T T 1 T T T =
20 40 60 80 100 120 140 160 180 200 220 240 260 280
, .
120 Bluff condition: relatively stable lake terrace Profile 1~ =
. protects bluff, in places evidence rotile <"
/// of former beach deposit which
100 — protects the toe of the terrace

Beach condition:

stable bluff, no evidénce of failures, no seeps

=1 ft.to 5 fi.depth

orientation 120° slope 7
!

100% vegetation; grass,trees, bushes

terrace-100% vegetation;grass,
trees,bushes,flowers,plants

~230 ft, interrupted

i 1op » o ’
] r/,a_p esston sample 1

T ) | veach-sanc end

| ——

LaTal AN - LN

T i Y i T T T ¥ T 3
en ann 190 14N 140 180 200 220 240 250 280






