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Figure 7. Locality map of February 1989 profile and sample locations.
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along the profiles at about 3m intervals from the back of the beach, offshore to water depths of about
2m. Additional offshore bathymetric data were collected using a fathometer scaled to measure depths
of 0 to 30 feet, the most expanded scale available. The rod and fathometer surveys were overlapped in
water depths of about one meter. Navigated positions (range and bearing) of the fathometer were
attempted every 30 seconds using the EDM. Timing marks were placed on the fathometer trace using
watches synchronized with the navigation. This allowed the bathymetry and the navigation data to be
joined. Difficulty in tracking the boat with the EDM sometimes dictated sightings at other than 30 .
second intervals.

Range, bearing and elevation data were then transferred from the EDM to a MS-DOS personal
computer (PC) via an electronic storage device where they were edited and erroneous points deleted.
The fathometer record was digitized creating a data set with points generated every 0.1mm along the
fathometer trace which corresponds to a new point every one to three meters horizontally depending on
boat speed. Data were subsequently run through several public domain programs (J. Dingler, USGS-
Menlo Park) to facilitate data reduction, interpolation, and merging.

One program translates the data collected from the EDM into a X, Y, Z Cartesian coordinate sys-
tem common for all the profiles at each site, with the point x=0, y=0 being an arbitrary "rear" reference
marker. The coordinate system is orientented by choosing a front reference point which is on a shore-
normal line with the rear reference mark. This shore-normal line becomes the X-axis of the grid. This
shore-normal line which contains the two reference markers is also termed the Main Line (ML). The
orientation of this line was then determined from Brunton compass readings or from a topographic map.
More information on the grid orientations may be found in the introductions to the individual surveys.
X-values lakeward of the rear reference marker are given negative numbers, and reflect distance in
meters from this reference point. At each 1990 site, supplemental profiles were surveyed north and
south of the ML, and referenced to the ML coordinate system. Y-values reflect the offset of the supple-
mental line from the ML with negative Y-values for profiles north of the ML on the beaches surveyed
in 1990. Elevations (Z-values) are the height above/below the Low Water Datum, 1955 (175.81m) at
Gillson Beach. Local lake level at the time of the survey is used as 0.0m elevation at Point Beach
State Forest and Kohler- Andrae State Park. Fathometer data were referenced to lake level at the time
of the survey in all surveys.

A second program was used to interpolate the digitized bathymetric profile data points between
the navigated data points collected by the EDM using times common between the two data sets. Lastly,
a program compares ' the elevation differences between the overlapping rod-measured, onshore points
(referenced to a bench mark elevation at Gillson Beach) and the fathometer measured offshore points
(referenced to local lake level) and "merges” the offshore data set onto the onshore data. The use of
lake level for the reference elevation at Point Beach and Andrea-Kohler for both the fathometer and rod
surveys resulted in negligible elevation differences in areas of data overlap.

The computer manipulation results in profiles referenced to lake level at Kohler-Andrae State
Park and Point Beach State Forest, and to a surveyed bench mark at Gillson Beach. In order to deter-
mine the depth of lake bed below water level at Gillson Beach, as opposed to elevation in relation to
Low Water Datum, the "average offset” value must be subtracted from the offshore data points. The
offshore data points may be recognized by their "time" value.

SAMPLE ANALYSIS

Sediment and ice samples were collected in order to determine grain size distribution, and sedi-
ment content and ice density. These samples were taken from a variety of locations in the NIC and on
the beach. Specific locals and descriptions of the samples may be found in the appendices.

While in the field ice samples were melted in a microwave oven. This may have resulted in the
loss of negligible amounts of water vapor affecting sediment density calculations. The melt water was
then decanted after most of the sediment had settled, as a result, small amounts of silts and clays were
lost in this procedure. In the laboratory samples were weighed to the nearest 0.01 gram after being
thoroughly dried in an oven. Samples splits were prepared for use in Rapid Sediment Analyzer (RSA).
Organic matter was oxidized by soaking the sample in five to ten milliliters of 30% hydrogen peroxide
and 200ml of distilled water overnight, after which, the sample was lightly boiled for two hours to
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remove the peroxide. Soluble salts were removed by washing and decanting twice with distilled water.
Small amounts of silts and clays were lost during this process. Dry sieving was used to separate grains
greater than two millimeters in diameter (<-1 phi).

The RSA used is modified after Gibbs (1974). The RSA tubes are water-filled, two meter tall
PVC wbes through which sediment grains fall at different rates dependent on size and density. An
approximately half gram split of the sediment to be measured is released into the water at the top of the
tube. Grains accumulate at the bottom on a "scale” (a tray attached to a strain gauge). As the sediment
accumulates a recorder creates a time vs. weight (strain) printout. A proportional scale (Gerber Scale)
is set to 100% for the total weight (strain) at the end of RSA run, and the cumulative percentage for
each grain size is determined from an calibrated overlay of the printout. The results were then
processes through a statistical package (USGS textural analysis program SDSZ).
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GLOSSARY OF TERMS

Many terms are modified from "A Functional Glossary of Ice Terminology” (U.S. Navy,
1952).

-Nearshore-ice complex (NIC): The coastal lake ice features which form nearshore during
winter; including, but not limited to, the ice foot, ice ridge, ice lagoon, and the brash/slush -
belt.

Location Terms-

-Brash/slush belt: A floating band of varying width outside the ice foot or ridge composed
of brash and slush.

-Ice cone (volcano): Cone shape pile of slush and brash built by wave eruption and
overwash along an ice ridge exposed to breaking waves. Ice cones often coalesce to form
the core of ice ridges.

-Ice foot: A class of fast ice consisting of ice formed along and attached to the shore,
caused by the action of water level changes, waves and spray.

-Ice lagoon: An area of low ice relief between the ice foot and the ice ridge, and between
ice ridges.

-Ice ridge: A grounded, shore-parallel, linear accumulation of ice often consisting of ice
cones or volcanos. Several sub-parallel ridges may develop from successive freezing storm
events,

-Shore: The point on the beach where the nearshore-ice complex begins.

-Shoreline: The boundary between the beach and fast ice.

Ice Description Terms-

-Anchor ice: Ice which forms on the lakebed, often incorporating sediment.

-Brash: Small solidified fragments of lake ice less than 2 meters across; often the wreckage
of other forms of ice.

-"Dirty" ice: Used to refer to ice which includes sediment.

-Ice cake: A general term used in reference to flat fragments of ice (brash). The dimen-
sions of a cake are not fixed.

-Pancake ice: Flat, circular, consolidated ice pans tens of centimeters in diameter with
upturned or raised rims.

-Platelets: Small discs of ice; less than Scm across.

-Slush: An accumulation of ice crystals which may or may not be slightly frozen together.
Slush has no degree of hardness.

-"Slushy": Ice of another form (eg. brash) having some characteristics of slush.
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APPENDIX 1-A- 1989 Ice and sediment sample notes

This appendix contains information on samples gathered during the Southern Lake Michigan field pro-
gram in February, 1989.

Sampling Techniques and Terminology

Push Tube is a plastic core tube 30 or 100cm long (two sizes) by 7.9cm in inside diameter. After being
pushed into the ice mass to be sampled the exposed end is tightly sealed for suction and either pulled
out, or dug out by hand.

Sipre Corer obtains a core of ice 7.5cm in diameter and up to one meter in length. The coring device
is driven by a gasoline motor.

Transient Layer Sampler is a vertical pole containing three 30cm by 7.9cm ID sampling tubes placed at
10, 44.4, and 84cm from the bottom and open at each end to allow the free flow of water and ice. A
bottom activated trigger mechanism simultaneously seals the sample bottles.

Trap Sampler is a 30cm section of PVC tube, 7.9cm in diameter. Like the tubes on the transient layer
sampler it is open at both ends but capable of being quickly sealed by semispherical plugs attached by
rubber tubing.

Dip net is a small nylon net with mesh openings of about 2cm.

Ice cores were taken with Sipre Corer (7.5cm inside diameter).

Streamer samples were taken with Kraus streamer trap sampler.

Auger Holes are seven inch diameter auger holes drilled through the ice canopy leaving a mound of
drilled shavings that were sampled.

e Samples 1 through 4 were taken during a trip on Chicago Water Department Supply tug Versluis to
the water intake structure (cribs) offshore of Chicago on February 9.

SLM-89-1. Ice sample taken from inside the Harrison Street Crib. (1800m! meltwater).
SLM-89-2. Ice sample taken from inside the 68th Street Crib. (1500m! melt).
SLM-89-3. Ice sample also taken from inside the 68th Street Crib. (1000ml melt).
SLM-89-4. Sample of drift ice adjacent to the dock at the 4-mile Crib. (1750ml mel).

e Samples 5 through 7 were taken at the beach at the north end of the Illinois Beach State Park Mar-
ina on Feb. 11.

SLM-89-5A. Sipre ice core (7cm diameter) from the landward flank of ice volcano on the south part of
the beach. Representative of ice foot. (1650ml melt).

SL.M-89-5B. Sipre ice core 5m inshore from 5A on ice foot. Length = 65cm. (1200ml melt).
SLLM-89-6. Third core, representative of the north part of the beach. (1700ml melt).

SLM-89-7A. Barely bouyant ice rafted material picked up in the bay about 100m offshore, containing
sediment up to gravel size. (4550mi melt).
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SLM-89-7B. Taken in the same manner as 7A, but composed of 11 representative brash ice pieces.
(12,200ml melt).

e Samples 8 & 9 were taken at the beach at the north end of the Illinois Beach State Park Marina on
Feb. 12,

SLM-89-8A. Water sample from 50cm depth in one meter of water. (500ml).

SLM-89-8B. Ice sample representative clean floating brash. (3400ml melt).

SLM-89-8C. Ice sample typical of dirty brash. (7500ml melt).

SLM-89-9. Negatively bouyant ice from lakebed in 80 cm water 10m from the icefoot. (42ml melt).

o Sample 10 was taken at Fort Sheridan Beach, 11 through 13 were taken at Gillson Beach; all three
are from Feb. 13.

SLM-89-10. Slush ice taken from the seaward edge of the ice foot with a dip net. (11,080ml melt).

SLLM-89-11A. Dip net sample of slush and brash up to 10cm in diameter from base of ice foot at Gill-
son. Contained fine-grain sand. (1000ml melt).

SLM-89-11B. Dip net sample of ice broken from the underwater portion of icefoot.
SLM-89-12A. Composite of cores from ridges of nearshore ice complex. (8625ml melt).
SL.M-89-12B. Composite of cores from troughs of nearshore ice complex. (6200ml melt).
SLM-89-13. Samples of drifting brash ice collected offshore. (4100ml melt).

e Samples 14 and 15 were collected at Lake Street, Indiana Dunes National Lakeshore, Gary, Indiana
on Feb. 14.

SLM-89-14. Slush ice sample from the inside slope of an active ice volcano. (7250ml melt).
SLM-89-15. Representative cuts from S auger holes spaced over the middle 12m of the ice on Lake
Street profile. There was relatively little relief here and the ice was less than 1m thick. (4000ml

melt).

e Samples 16 through 20 were taken at the West Beach Bath House profile (WBR-1) and Ogden
Dunes (WBR-2) at Indiana Dunes National Lakeshore on Feb. 15.

SLM-89-16. Composite ice sample from ridges, cuts from ice augering, taken along WBR-1 profile.
(4260m1 melt).

SLM-89-17. Dip net sample of slush ice lakeward of ice foot, along WBR-1 profile. (3080m] melt).

SLM-89-18. A 2cm thick, 15cm diameter piece of brash ice with sand disseminated throughout, taken
along profile WBR-1. Sample spilled while melting, discarded.

SLM-89-19. Sample from center of ice ridge about 5Sm from shore on WBR-3 profile. (2220m1 melt).

SLLM-89-20. Slush ice from just lakeward of the ice foot on WBR-3 profile. (2670 ml melt).



e Samples 21 through 24 were collected at Grand Mere State Park on Feb. 16.

SLM-89-21. Bulk composite ice sample of the nearshore ice ridges, ice foot, and ice volcanos along
profile. (1600ml melt).

SLM-89-22. Ice sample of congealed brash just lakeward of the ridge and lagoon complex; very clean.
(850ml).

SLM-89-23. Ice sample from beneath 30cm of congealed brash ice 50m seaward of the ice ridges con-
taining particulate matter unlike the overlying congelated brash. (147ml was filtered).

SLM-89-24. Ice sample from the outermost part of the shore fast ice on profile, contains visible sedi-
ment. (770ml filtered).

e Samples 25 through 29 were collected aboard the Susie Q, a fishing vessel out of Michigan City,
Indiana, on Feb. 16.

SLM-89-25. 3cm-thick pancake ice with sediment on underside, 100m outside the Michigan City harbor
entrance light house. (3175ml melt).

SLM-89-26. Brash collected 100m further offshore from #25 in a belt of ice. (2035ml melt).

SLM-89-27. Thin layer of slush ice, consisting of 2cm ice platelets, collected 200m seaward of the 3km
wide belt of brash ice north of the Michigan City harbor entrance. (800ml were filtered).

SLM-89-28. Thin, fresh slush ice layer, consisting of large ice platelets, uncontaminated by coastal
effects, north of Michigan City harbor entrance. (1000ml melt).

SLM-89-29. Ice sample representative of the dirty pieces traversed by Suzie O on the way back toward
harbor entrance. (2975ml melr).

o Samples 30 through 33 were collected at the end of Pier Street in Lakeside, Michigan on Feb. 17 on
profile UM 6.

SLM-89-30. "Clean" slushy platelets found in a zone about 50m wide along lakeward margin of 395m
wide ice on the outer part of UM-6 profile. (2250ml melt).

SLM-89-31. Same locale as #30. Dirty ice from outer 150m-wide ice zone between the shore ice
ridges and lakeward clean ice; collected from the surface and from ice-auger shavings. (4550ml melt).

SLM-89-32. Same locale as #30. Representative sample of ice from auger holes of major nearshore ice
ridges. Seems to be mainly sand. (9545ml melt).

SLM-89-33. Same locale as #30. Representative sample from ice foot auger holes along the shore face.
Sand and coarser material. (1260m! melt).

¢ Sample 34 was collected at Grand Mere State Park on Feb. 17.

SLM-89-34. From Grand Mere profile, about 60m offshore. Taken lakeward of ridges beneath 30cm of
congelation where a 15cm wide crack was developing. Ice sample was 30 by 40cm and about 8cm
thick. Sediment was pock-marked on the upper surface, as if the sun was warming the sand grains
from above. Meliwater was siphoned from bucket to retain as much of the suspended sediment as pos-
sible. (5800ml melt).
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¢ Samples 35 through 37 were collected at the Chalet on the Lake (profile site UM-7), in Stevensville,
Michigan on Feb. 20.

SLM-89-35. From ice foot and volcano ridges where ice zone was about 15m wide and influenced by
artificial structures to the south. (3400ml melt).

SLM-89-36. Ice sample from the "clean” ice canopy lakeward of the ice ridges. About 5% of sediment
was lost in processing. (4325ml melt).

SLM-89-37. Sand-rich ice from the rough congealed brash/slush ice over the outer bar along profile
UM-7 where 5cm thick brash cakes were rafted one onto another and standing at steep angles. The sed-
iment content is representative of 2-5% of the 80m-wide rough ice belt over the outer bar. Some of the
ice in this belt evidently is grounded on the bar, and picked up its sediment load there. (450ml melt).

¢ Sample 38 was collected north of the St. Joseph Harbor jetty in St. Joseph, Michigan on Feb. 20.

SLM-89-38. Sample representative of a 150m-wide belt of ridged ice between the offshore large ridge
and the icefoot. (2530ml melt).

o Samples 39 and 40 were collected on Feb. 21.
SLM-89-39. Ice sample taken from ice ridge area 150m offshore south of the St. Joseph harbor Jetty,
Michigan. The ice sample is representative of the sediment-laden ice in the 7m high offshore ridge.
(1620ml1 melt).

SLM-89-40. Representative ice sample, cleaned of snow and of wind ablation concentrations taken from
the congealed brash/slush belt lakeward of the second ridge, about 100m from beach, near the
Indiana/Michigan boundary. (4400ml melt).

e Samples 41 and 42 were collected at Gillson Beach, Illinois on Feb 22.
SLM-89-41. Dirty slush and brash ice sample recently thrown up onto 2m-high ice ridge. Longshore
current in the 25m-wide belt of slush and brash was about 25cm/sec. to the south at the time. Ice pieces

up to 1.5m in diameter were typical in the belt. (10,375ml melt).

SLM-89-42. Slush ice sample at same setting as #41, except 100m to the south, just south of the beach
jetty. (7800ml melt).

o Samples 43 and 44 were collected at Illinois Beach State Park on Feb. 22.

SLM-89-43. Sample of brash ice pieces in 8m-wide zone, moving southward at a rate of 1-2 knots past
the rangers house at Illinois Beach State Park. (13,850ml melt).

SLLM-89-44. Ice sample of pebble-carrying brash ice from longshore current, off the Ranger Station, Ill.
Beach State Park. The ice contained almost no sand or finer material. (2800mi melt).

o Samples 45 through 47 were collected at Illinois Beach St. Park on Feb. 23.

SLM-89-45. Clean looking, fine granular slush ice 10m from ice foot scarp at the shoreline, on Dead
River profile. Ice was drifting south at an estimated rate of 80cm/sec (2850ml melt).

SLM-89-46. Very soft slush-ice balls ("10cm diam.), that looked like they contained more sediment
than #45. Same place and time. (1800ml melt).

SLM-89-47. Dip net sample of slush ice 4m lakeward of the ice foot, where water depth was 30cm.
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Presumably resuspension in the swash zone at this locale results in temporary higher sediment concen-
trations. (1825ml melt).
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APPENDIX 1-B
Appendix 1-B is a table containing sediment characteristics of samples taken in February, 1989.

Sample No vol.(ml) sed. wt.(g) sed. conc.(g/l) Comments

1 1800 0.1928 0.1071

2 1500 9.61 6.4067

3 1000 0.2638 0.2638

4 1750 7.251mg 18.128mg/l 800ml thru flitrs 61 & 62

5A 1650 14.59 8.842

5B 1200 11.00 9.1667 ice volume is 2500cc

6 1700 28.90 17.00

7A 4550 1666.06 366.291

7B 12,200

8A 500 8.051mg 32.116 Filters 63 & 64

8B 3400 33.99 9.997

8C 7500 205.54 27.405

9 42 92.21 2195.476 Modified for sediment volume
10 11080 86.12 7.772 Modified for sediment volume
11A 1000 89.37 89.37

11B 6.45

12A 8625 96.52 11.1907

12B 6200 66.23 10.68

13 4100 94.60 23.073 Modified for sediment volume
14 7250 65.02 8.968

15 4000 38.01 9.5025

16 4260 43.22 10.1455

17 3080 6.25 2.029

18 Discarded

19 2220 2.30 1.036

20 2670 2.37 0.887

21 1600 7.6 4.75

22 850 5.232mg _ 12.282mg/l Filters 70 &71

23 147 8.294mg 56.422mg/! Filter 65

24 770 21.171mg 27.495mg/l Filter 67

25 3175 0.1780 0.0561

26 2035 0.0385 0.0189

27 800 2.201mg 2.751mg/l Filter 66

28 1000 6.489mg 6.489mg/l Filter 68

29 2975 3.52 1.183

30 2250 0.2704 0.1202

31 4550 23.470 5.1582

32 9545 74.25 7.7789

33 1311 73.33 55.9 Modified for sediment volume
34 5800 0.491 0.0846

35 3461 87.82 25.4 Modified for sediment volume
36 4325 2.15 0.4971 ~5% sediment loss

37 450 0.6610 1.4689

38 2530 15.10 5.9684

39 1656 52.71 31.8 Modified for sediment volume
40 4400 24.86 5.650

41 10375 22.44 2.1629

42 7800 26.36 3.3795

43 14660 1157.51 79.0 Modified for sediment volume
44 3198 568.56 178 Moditied for sediment volume
45 2850 8.61 3.021

46 1845 64.56 35.0 Modified for sediment volume
47 1844 28.32 15.4 Modified for sediment volume




APPENDIX 1-C
Appendix 1-C contains 1989 profile data. Locations may be found on figures 7 and 8.

PROFILE & DATA: ILLINOIS BEACH STATE PARK, MARINA, ILLINOIS

Latitude/Longitude (UTM): 42°29'30"N/87°48'10"W
(470444N/043408E)
Date: February 11, 1989

February 12, 1989
Time: February 11: 0800 - 1700 hrs

February 12: 0800 - 1700 hrs '
Location: See attached sketch - Location of survey is at Illinois Beach State Park's
northern edge, at the pocket beach north of the new breakwater and south of the
Wisconsin border.

Horizontal Control: The survey (both days) is referenced to an Illinois Survey
(M.Chrzastowski, ISGS) marker (Bench Mark 1) located in a group of 5 trees
between the launching ramp and the beach along the northern border of the park
(see attached sketch). The Northing and Easting grid was oriented to true north
using a hand held Brunton magnetic compass adjusted for the local declination (0 ).
1On February 12 the TNS was re-established “2.5m northwest of Feb 11, 1989
ocation .

Vertical Control: Local lake level was measured between 1100 and 1400 hrs on the
11th. Lake levels at Calumet Harbor and Milwaukee gauging stations were
averaged over coresponding hourly observations (176.037m at Calumet, range
+0.06m,-0.05m ; 176.068m at Milwaukee, ran%e 0.03m ) and the lake level at the
park was interpolated at halfway between these two reference stations (176.05
meters). Local lake level was measured at 0950 hrs on the 12th. Lake levels at
Calumet Harbor and Milwaukee stations for 1000hrs observation (176.086m at
Calumet ; 176.110m at Milwaukee) and the lake level at the park was interpolated
at halfway between these two reference stations (176.10 meters).

Notes: All values reported in meters. Distance is the straightline distance from the
survey station to the measurement point. Height represents the distance in meters
above (+) and below (-) lake level (176.05m) at time of survey. Elevation
represents the distance in meters above (+) and below (-) Low Water Datum, 1955
(175.81 m). The first portion (2/11/89) of the data has been collected for the
purpose of estimating the ice foot volume along the beach. The second portion of
:glcle data relate to shore reference markers and a wading survey of profile lines 1,2,

3.

The February 12 data contains offshore buoy locations used for a bathymetric
survey by Illinois State Geological Survey (Mike Chrzastowski), and wading survey
profiles 4 through 9. In addition, the outer edge of the shorefast ice wedge is further
defined (see also 2/11/89 data). |« mcHiGAN
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© PROFILE DATA:ILLINOIS BEACH STATE PARK, MARINA, WISCONSIN

Date: Fcbruar¥ 11, 1989
Time: 0800 - 1700 hrs
NORTHING EASTING ELEVATION HEIG
1000.000 1000.000 1.26 1.02
10641.481 936.336 2.63 2.39
1096.493 1004.534 0.24 0.00
0.00 -0.24
1077.877 1015.133 0.19
1085.882 1003.176 0.44
831.534 1036.537 0.464
10946.990 1002.743 0.48
867.478 1025.898 0.48
1076.031 1001.866 0.51
917.416 1009.334 0.61
1034.867 1003.872 0.62
1066.163 1002.213 0.62
1056.032 1001.661 0.64
995. 1004.615 0.66
963.018 1005.292 0.67
1045.273 1002.237 0.68
1027.139 1003.358 0.72
1017.317 1002.573 0.76
802.029 1042.305 0.99
1088.791 1017.813 0.72
1081.646 1015.305 0.81
1078.297 1014.779 0.82
1087.409 1016.500 0.97
1024.059 1015.914 -0.03
1055.259 1013.870 c.1
1055.173 1013.456 0.67
1024.270 1015.586 0.95
1084.641 999.874 0.52
1054.167 999.712 0.82
1023.750 999.8 0.98
993.256 1000.015 1.01
962.751 999.928 1.00
932.397 1000.107 0.95
901.917 999.990 0.96
871.454 999.969 1.25
841.309 999.478 2.19
810.636 999.028 2.28
1081.527 1015.551 0.50 0.26
1082.793 1021.605 -0.21 -0.45
1087.324 1016.895 0.40 0.16
1082.174 1029.174 -0.42 -0.66
1081.433 1035.534 -0.53 -0.77
1080.755 1043.284 -0.59 -0.83
1079.752 1052.709 -0.67 -0.91
1079.221 1061.312 -0.66 -0.90
1078.380 1070.444 -0.91 -1.15
1055.588 1026.333 -0.49 -0.73
1056.050 1034.125 -0.49 -0.73
1056.234 1039.559 -0.59 -0.83
1056.454 1053.566 -0.64 -0.88
1056.866 1066.905 -0.68 -0.92
1057.267 1075.473 -0.76 -1.00
1023.618 1002.557 1.05 0.8%
1024.219 1026.154 -0.51 -0.75
1024.562 1034.331 -0.69 -0.93
1024.997 1042.579 -0.63 -0.87
1024 .886 1046.044 -0.93 -1.17
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Total Station

BENCH MARK 1

LAKE LEVEL
IGLD (175.

1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
1CE/BEACH
ICE/BEACH
JCE/BEACH
1CE/BEACH
JCE/BEACK
ICE/BEACK
1CE/BEACH
OUTER ICE
OUTER ICE
QUTER ICE
OQUTER ICE
OUTER ICE
OQUTER ICE
OUTER ICE
OUTER 1CE

81m)

BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
BOUNDARY
EDGE

EDGE

EDGE

EDGE

EDGE BTM
EDGE BTM
EDGE TOP
EDGE TOP

BEACH MARKER LINE1
BEACH MARKER LINE2
BEACK MARKER LINE3
BEACH MARKER LINE4
BEACH MARKER LINES
BEACH MARKER LINE6
BEACH MARKER LINE7
BEACH MARKER LINE8
BEACH MARKER LINE9

BEACH MARKER

LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
: LAKE BED

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
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DISTANCE
000

13.711
72.859

66.433
64.131



PROFILE DATA: ILLINOIS BEACH STATE PARK,

Date: Februs

Time: 088 -1
EASTING ELEVATION WEIGHT
1000.000 1.20 0.9

NORTHING
1000.000
1043.455
1095.514

937.880
1018.481

1096.156
1131.016

1066.420
1061.018

1045.146
1043.591

1024.013

1033.138
1021.621
1025.596

hrs

2.65 2.36
0.29 0.00
0.00 -0.29
-1.39

1.67

1.72

1.66

-1.39

1.73

1.64

1.72

-1.07

1.77

1.78

1.74

-1.26

1.84

1.72

1.73

-0.50 -0.79
-0.88 -1.17
-0.56 -0.85
-0.56 -0.85
115 -1.4b
-0.69 -0.98
0.00 -0.29
-0.36 -0.65
-0.68 -0.97
-0.90 -1.19
-0.39 -0.68
-0.74 -1.03
-0.25 -0.54
-0.65 -0.9¢
-0.27 -0.56
-0.84 -1.13
-0.66 -0.95
-0.49 -0.78
-0.29 -0.58
-0.11 -0.40
-0.75 -1.04
-0.65 -0.94
-0.70 -0.99
-0.47 -0.76
-0.37 -0.66
-0.21 -0.50
-0.18 -0.47
-0.07 -0.36
-0.96 -1.23
-0.72 -1.01
-0.57 -0.86
-0.28 -0.57
-0.17 -0.46
-0.17 -0.46
0.53

-0.32

-0.56

-0.38
045
-0.34

-0.24

-0.23

-0. 1

co=0000000
QR2R% 208

[\
B~

MARINA, WISCONSIN

CODE DISTANCE
Total Station 0.000
BENCH MARK 1 11.211
LAKE LEVEL 81.599
IGLD (175.81m)

LINE 1 BOUY 1 120.779
LINE 1 BOUY 2 164.818
LINE 1 BOUY 3 188.625
LINE 1 BOUY 4 247.078
LINE &4 BOUY 1 53.898
LINE 4 BOUY 2 93.631
LINE 4 BOUY 3 143.150
LINE & BOUY & 259.197
LINE 6 BOUY 1 17.229
LINE 6 BOUY 2 56.128
LINE 6 BOUY 3 7.095
LINE 6 BOUY & 153.373
LINE 8 BOUY 1 14.089
LINE 8 BOUY 2 22.617
LINE 8 BOUY 3 55.254
LINE 8 BOUY 4 106.208
LINE &4;LAKE BED 18.169
LINE &4;LAKE BED 27.855
LINE &;LAKE BED 38.481
LINE &;LAKE BED 42.543
LINE 4;LAKE BED .108
LINE 5;LAKE BED .168
LINE 5;LAKE BED 6.407
LINE S;LAKE BED 9.204
LINE 5;LAKE BED 20.680
LINE 5;LAKE BED 31.110
LINE 6;LAKE BED 4.049
LINE 6;LAKE BED 8.606
LINE 6;LAKE BED 12.679
LINE 6;LAKE BED 19.558
LINE 6;LAKE BED 25.92
LINE 7;LAXE BED 2.838
LINE 7;LAKE BED 6.706
LINE 7;LAKE BED 18.145
LINE 7;LAXKE BED 28.834
LINE 7;LAXE BED 35,041
LINE 8;LAKE BED 16.391
LINE 8;LAXE BED 22.535
LINE 8;LAKE BED 23.580
LINE 8;LAKE BED 33.431
LINE 8;LAKE BED 34.280
LINE 8;LAKE BED 41.612
LINE 8;LAKE BED 42.848
LINE 8:LAKE BED $2.565
LINE 9;LAKE BED 20.845
LINE 9;LAKE BED 33.413
LINE 9;LAKE BED 43.849
LINE 9 LAKE BED 54.269
LINE 9 LAKE BED 60.962
LINE 9;LAKE BED 64.897
LAKEWARD 1CE EDGE BTM 54.829
LAKEWARD 1CE EDGE BTM 50.809
LAKEWARD ICE EDGE BTM 67.533
LAKEWARD ICE EDGE BTM 8.553
LAKEWARD ICE EDGE BTM 6.316
LAKEWARD ICE EDGE BTM 42.838
LAKEWARD ICE EDGE BTM 10.573
LAKEWARD ICE EDGE BTM 5.476
LAKEWARD ICE EDGE BTM 29.512
LAKEWARD ICE EDGE TOP 10.338
LAKEWARD I1CE EDGE TOP 44.182
LAKEWARD ICE EDGE TOP 29.495
LAKEWARD ICE EDGE TOP 30.451
LAKEWARD ICE EDGE TOP 21.759
LAKEWARD ICE EDGE TOP 9,258
LAKEWARD ICE EDGE TOP 38.206
LAKEWARD ICE EDGE TOP 15.034
LAKEWARD ICE EDGE TOP 52.267
LAKEWARD ICE EDGE TOP 68.194



PROFILE & DATA: DEAD RIVER, ILLINOIS BEACH STATE PARK, ILLINOIS

Latitude/Longitude (UTM): 4202421"N/87°48'09"E

4694490N /04334408E)

ate: February 23, 1989
Time: 0900 - 1100 hrs
Location: See attached sketch - This survey is an east/west line located about 130m
south of the mouth of the Dead River in the southern portion of the Illinois Beach
State Park, Zion, Ill. The profile is a repeat of the inner portion of a profile
obtained by Ralph Hunter on October 18, 1988.
Horizontal Control: The profile runs due east from the base of a pine tree (nail &
tag) about 80 meters back from the beach. The profile crosses two beach ridges;
each with a fence post stake. The Northing and Easting grid was oriented with
nort;l aligned onshore along the profile (from the fence posts toward the reference
tree).
Vertical Control: The top of the inshore stake (Fence Post 1) was used for vertical
control during the October survey. This stake had been severed at ground level
before the Feb. '89 survey. Elevation of the lakeward fence post has been adjusted
to ground level for yearly profile comparisons. Local lake level was measured
between 0900 and 1100 hrs on the 23rd. Lake levels for corresponding hourly
observations at Calumet Harbor and Milwaukee gauging stations were averaged
(176.203m at Calumet, range +0.02m,-0.02m ; 176.164m at Milwaukee, range
+0.005m,-0.005m ) and the lake level at the park was interpolated at halfway
between these two reference stations (176.18 meters).
Notes: All values reported in meters. 0.50m surf along with slush ice moving along
shore precluded an extensive offshore profile. Distance is the straight line distance
from the nail at the base of the tree to the measurement point. Height represents
the distance in meters above (+) and below (-) lake level (176.18m) at time of
survey. Elevation represents the distance in meters above (+) and below (-) Low
Water Datum,1955 (175.81 m).

Binois Beach State Park
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PROFILE DATA: DssggRIVER, ILLINOIS BEACH STATE PARK

Date: Feb. 23
Time: 0900 - 1100 hrs

NORTHING EASTING ELEVATION MEIGHT CODE DISTANCE
1023.048 999.996 2.54 2.18 MAIL AT TREE BASE 0.000
1000.000 1000.000 3.44 3.08 FENCE POST 1(Station) 23.048
924.243 1000.221 0.37 0.00 LAKE LEVEL
0.00 -0.37 IGLD (175.81m)

965.669 1000.014 2.24 2.65 FENCE POST 2 57.379
945.473 999.965 3.52 3.16  DUNE RIDGE 2 77.575
940.166 999.998 2.08 1.72 BEACH 82.882
934.991 1000.033 1.26 0.90 ICE EDGE 88.057

2338 999.957 1.00 0.65 LAKE BED (ice foot) 92.710
972.803 1002.204 -0.44 -0.80 LAKE BED 104.793
966.166 1000.915 -0.84 -1.20 LAKE BED 111.430
930.554 999.957 1.16 1CE_TOP 92.494
926.933 1000.519 1.52 OUTER EDGE ICE FOOT  96.115
924.758 1000.494 0.44 ICE TOP 96.280
926.113 1000.120 0.55 ICE TOP 96.935
981.316 1000.305 1.43 1CE TOP 98.290
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PROFILE & DATA: GILLSON BEACH PARK, WILMETTE, ILLINOIS.

Latitude/Longitude (UTM): 42004'43"N /87°40'S8"E

(465850N/044352E)

Date: Feb. 13, 1989

Time: 1300 - 1600 hrs

Location: See attached sketch - Location of survey is at the southern end of the

beach at Gillson Park about 150m north of the northernmost of two groins at the

harbor entrance. It should be noted that this locale in south of the December

1989,and 1990 Gillson profiles.

Horizontal Control: The survey is run on a bearing of 036 from a light pole along

the lakeward side of the southeastern parking lot . The light pole is the third from

the SE end of the parking lot. "USGS" is printed in black ink on the base of the light
ole. The Northing and Easting grid was oriented to true north using a hand held
runton magnetic compass adjusted for the local declination (0 ).

Vertical Control: Local lake level was measured between 1300 and 1600 hrs on the

13th (2 measurements shown). Lake levels for corresponding hourly observations at

Calumet Harbor and Milwaukee gauging stations were averaged (176.10m at

Calumet, ranFe +0.03m,-0.02m ; 176.15m at Milwaukee, range +0.04m,-0.03m ) and

the lake level at the park was interpolated at halfway between these two reference

stations (176.13 meters).

Notes: The ice foot and coastal ice ridges were well developed at this location. All

values reported in meters. Distance is the straight line distance from the light post

to the measurement point. Height represents the distance in meters above %+) and

below (-) lake level (176.13m) at time of survey. Elevation represents the distance

in meters above (+) and below (-) Low WAter Datum,1955 (175.81 m).

Ivzfeasurements were taken along the top of the fast ice, and on the lake bed

offshore.

0361
Lake Michigan

December 1989 &
1990 Profiles

Harbor Entrance

Gillson Park
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\ Coast Guard

26




PROFILE DATA’ sxggou BEACH PARK, WILMETTE, ILL.

Date: Feb.

Time: 1300 - ieoo hrs

NORTHING EASTING ELEVATION HEIGHT CODE
990.977 993.535 3.59 3.

1000.000 1000.000
1055.446 1039.842
1055.49 1039.183

1011.536 1008.666
1014.799 1011.092
1018.4698 1013.962
1023.105 1017.212
1025.033 1018.564
1026.121 1019.427
1027.131 1020.184
1031.119 1023.114
1032.518 1023.987

1040.056 1029.322

1040.813 1029.766

1043.767 1032.142
1044.765 1032.947
1047.467 1034.825

1049.064 1035.763
1050.835 1036.284
1053.621 1038.633

1059.56 1042.734
1061.03  1043.621
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PROFILE & DATA: LAKE STREET BEACH, GARY, INDIANA

Latitude/Longitude (UTM): 41°37'10"N/87°16'40"W

(460735N/043408E)

Date: Feb. 14, 1989

Time: 0830 - 1630 hrs

Location: See attached sketch - This survey is a north/south line located about
100m west of the Lake Street Beach parking lot of the Indiana Dunes National
Lakeshore east of Gary, Indiana and west of Marquette Park. The profile is a
repeat of a USGS Froﬁle obtained by Ralph Hunter on October 19, 1988.
Horizontal Control: The profile runs due north from the most landward fencepost at
the crest of the second large dune about 150 meters back from the beach (see
sketch). The Northing and Easting grid was oriented to true north on the pre-
existing range markers (fence posts) and confirmed using a hand held Brunton
magnetic compass adjusted for the local declination (0 ).

Vertical Control: Local lake level was measured between 0900 and 1100 hrs on the
23rd. Lake levels for corresponding hourly observations at Calumet Harbor gaugintg
station (25 Km to the NW) were averaged; 176.20m, range 0.02m. The tops o
both fence posts was also determined. Measured elevations of the lake bed and ice
are believed accurate to within 0.10m.

Notes: A horizontal control point was shot to the northwest corner of the
northernmost concrete block building at the National Guard site (see attached
map). The coordinates of this builc%lnf can be used to position the profile's original
bench mark (TREE WASHER). values reported in meters. Distance is the
straight line distance from the fence post 1 at the top of the second dune ridge to the
measurement point. Height represents the distance in meters above (+) and below
(-) lake level (176.20m) at time of survey. Elevation represents the distance in
meters above (+) and below (-) Low Water Datum,1955 (175.81 m). Also included
in this data set are elevation and planimetric coordinates for a single ice volcano.
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PROFILE DATA: L%STREET,IQ!AIA DUNES NATIONAL LAKESHORE

Date: Feb. 14
Time: 0830 - 1630 hrs

NORTHING EASTING ELEVQIIW gEI(SSNT CODE DISTANCE

1000.043 1000.000 .
1023.987 999.966 5.15

1054.020 999.668 4.45
1074.511 990.891 6.69
1188.909 999.928 838
1019.628 1300.69 4£.91
1098.488 999.791 4.44
1104.734 999.689 2.41
1118.244 999.707 1.63
1128.908 999.743 1.54
1138.647 999.981 1.30
1147.135 999.731  0.92
1156.855 1000.656 0.46
1161.965 1001.073 -0.01
1167.165 1000.297 0.32
1169.390 835 -0.01
1170.337 999.529 0.02
1172.041 999.237 0.38
W76.723 999.340 -0.14
1178.248 999.311 -0.12
1179.354 999.305 -0.17
1181.177 999.488 -0.21
1182.664 999.530 -0.25
1184.417 999.616 -0.21
1186.432 999.937 -0.13
1187.877 999.680 -0.18
1188.695 999.707 -0.15
1192.117 999.779 -0.26
1194.460 999.986 -0.30
1196.746 999.943 -0.32
1199.166 999.854 -0.31
1200.883 1000.143 -0.29
1202.532 1000.023 -0.28
1204.258 999.953 -0.2¢4
1205.836 999.752 -0.28
1207.221 999.417 -0.27
1209.664 999.799 -0.36
1212.393 999.799 -0.42
1213.489 1000.177 -0.45
1215.735 999.9 -0.53
1218.599 1000.380 -0.70
1220.977 1001.515 -0.75
1222.179 1002.295 -0.77
1223.323 1002.435 -0.91
1161.993 1001.051

1206.964 1022.269
1207.529 1021.824

4.76
4.06

gaomohmco i
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.
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-0.40

-0.37
-0.01
-0.53
-0.51
-0.56
-0.60
-0.64
-0.60
-0.52
-0.57
-0.54
-0.65
-0.69
0.7
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NP 00000000000 0000000000000000000000
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Fence Post 1 (top) 0.000
fence Post 2 (top) gw.

TREE WASHER 978
Total Station 75.023
LAKE LEVEL 188.866
16LD (175.81m)

BLDG MWW CORNER 301.286
BEACH 98.445
BEACH 104.691
BEACH 118.201
BEACH 128.865
BEACH 138.604
BEACH 147,092
ICE/BEACH BOUNDARY  154.813
LAKE BED 161.926
LAKE BED 167.122
LAKE BED 169.347
LAKE BED 170.295
LAKE BED 172.000
LAKE BED 176.681
LAKE BED 178.206
LAKE BED 179.312
LAKE BED 181.135
LAKE BED 182.622
LAKE BED 184.374
LAKE BED 186.389
LAKE BED 187.834
LAKE BED 188.652
LAKE BED 192.074
LAKE BED 196.417
LAKE BED 196.703
LAKE BED 199.123
LAKE BED 200.840
LAKE BED 202,489
LAKE BED 204.215
LAKE BED 205.793
LAKE BED 207.179
LAKE BED 209.621
LAKE BED 212.350
LAKE BED 213,646
LAKE BED 215.692
LAKE BED 218.556
LAKE BED 220.939
LAKE BED 222.148
tAKE BED 223.293
1CE TOP 161.953
1CE TOP 167.285
ICE TOP 169.268
1CE TOP 170.383
ICE TOP 172.018
1CE TOP 172.984
1CE TOP 176.812
1CE TOP 178.300
1CE TOP 179.315
I1CE TOP 181.085
ICE TOP 182.757
1CE TOP 184.429
ICE TOP 186.513
ICE T0P 187.850
ICE TOP 188.793
1CE ToOP 192.099
1CE TOP 194.523
ICE TOP 196.585
1CE TOP 199.186
1CE TOP 200.924
1CE TOP 202.329
1CE TOP 204.114
1CE TOP 205.810
1CE TOP 207.222
1CE TOP 209.801
ICE TOP 212.659
1CE TOP 213.478
ICE TOP 215.669
1CE TOP 218.533
1CE TOP 220.956
1CE TOP 222.100
Ice Volcano Top 203.805
fce Volcano Top 205.421
Ice Volcano Top 203.646
Ice Volcano Top 207.651
Ice Volcano Top 204 .289
Ice Volcano Top 208.116
Ice Volcano Top 208.630




1206.679

1023.102
1023.695
1021.470

1023.005

-a s O0000000-2000D -
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Jce Volcano Top
Ice Volcano Top
Ice Volcanc Top
Ice VYolcano Top
fce Volcano Top
Ice Yolcano Top
Ice Volcano Top
Ice Volcano Top
Ice Volcano Top
Ice Volcano Top
Ice Volcano Top
Ice Volcano Top

Ice Volcano Bottom
Ice Volcano Bottom
Ice Volcano Bottom
Ice Volcano Bottom
Ice Volcano Bottom




PROFILE DATA: PIER STREET (UM-6), LAKESIDE, MICHIGAN

Latitude/Longitude (UTM): 41°51'13"N/86940'22"W
g63320N/052720E)

ate: Feb. 17, 1989
Time: 0900 - 1300 hrs '
Location: See attached sketch - The survey site is located at the end of Pier Street,
Lakeside, Michigan. The survey is a reoccupation of profile line UM-6 run by the
University of Michigan.
Horizontal Control: The shore normal line runs on a turn angle of 84 27' 40" from
the northwestern side of a tall smokestack at the Michigan City power plant to the
southwest. The survey station was set up over a pre-existing bench mark emplaced
about 1.5m southwest from a landing at the midpoint of a beach access staircase
(see sketch).The turn angle was confirmed using a hand held Brunton compass
adjusted for the local declination (0 ) to align the profile on a magnetic bearing of
312. The Northing and Easting grid was oriented with true north aligned offshore
along the profile line (312).
Vertical Control: Local lake level was measured between 0900 and 1300 hrs on the
17th. Lake levels for corresponding hourly observations at Calumet Harbor and
Luddington gauging stations (176.23m, range +0.03m, -0.02m at Calumet ;
176.15m, range 0.0lm at Luddington) were interpolated with respect to
site/gauging station proximity: Calumet (75%), Luddington (25%) thus yeilding an
estimated lake level of 176.21m for the time of the survey. Measured elevations of
the lake bed and ice are believed accurate to within 0.10m.
Notes: All values reported in meters. Distance is the straight line distance from the
reference benchmark to the measurement point. Height represents the distance in
meters above (+) and below (-) lake level (176.21m) at time of survey. Elevation

ze gessents) the distance in meters above (+) and below (-) Low Water Datum,1955
175.81 m).
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PROFILE DATA: PlgggSTREET (UM-6), LAKESIDE, MICHIGAN

Date: Feb. 1
Time: 0900

NORTHING EASTING ELEVATION MEIGHT
000 5.4

.

-113.633
-116.996
+119.848

-122.370
-125.359
-129.004
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-0.92
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-4.58

CODE

Total Station
AVG.LAKE LEVEL
IGLD (175.81m)

BEACH
BEACH
BEACH
BEACH
ICE/BEACH BOUNDARY
JCE FOOT BOTTOM
1CE FOOT BOTTOM
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE 8ED
LAKE BED
LAKE BED
LAKE 8ED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE BED
LAKE 8ED
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PROFILE DATA: GRAND MERE STATE PARK (S-3), MICHIGAN

Latitude/Longitude (UTM): 42°0026"N /86°33'10"W

465062N /052720E)

ate: Feb. 16, 1989
Time: 1000 - 1600 hrs
Location: See attached sketch - The survey site is located about 100m south of an
armoured wall protecting the beach of a private residence at the southern terminous
of the North Lake Park access road, Grand Mere Lakes, Grand Mere State Park,
Michigan. The profile is a repeat of a USGS profile S-3 obtained by Ralph Hunter
on October 20, 1988.
Horizontal Control: The shore normal line runs on a magnetic bearing of 295 from
an oak tree reference point marked with fender washers at its base. The line was
established by pre-existing range markers (fence posts) emplaced 9.32m and 26.35m
further landward from the reference tree. The Northing and Easting grid was
oriented with true north aligned offshore along the range markers and confirmed
using a hand held Brunton magnetic compass adjusted for the local declination (0 ).
Vertical Control: Local lake level was measured between 1000 and 1600 hrs on the
16th. Lake levels for corresponding hourly observations at Calumet Harbor and
Luddington gaugirz)g stations (176.20m, range +0.04m, -0.03m at Calumet ;
176.16m, range 0.02m at lLuddington) were interpolated with respect to
site/gauging station proximity: Calumet (68%), Luddington (32%) thus yeilding an
estimated lake level of 176.19m for the time of the survey. Measured elevations of
the lake bed and ice are believed accurate to within 0.10m.
Notes: All values reported in meters. Distance is the straight line distance from the
reference TREE WASHER to the measurement point. Height represents the
distance in meters above (+) and below (-) lake level (176.20m) at time of survey.
Elevation represents the distance in meters above (+) and below (-) Low Water
Datum,1955 (175.81 m). The ICE SURVEY LIMIT refers to ta measurement 50
meters inshore from the ice edge.

295"Mag

LAKE MICHIGAN

| ‘ Profile Line

GRAND MERE LAKE (Middie)

34




PROFILE DATA: GRAND MERE STATE PARK (S-3), MICHIGAN
Date: Feb. 16, 1989
Time: 1000 - 1600 hrs

NORTHING EASTING ELEVATION NEIGKT CODE DISTANCE
1028.379 999.924 9.01 8.64 TREE WASHER 0.000
1000.000 1000 000 1.9 1.57 Total station 20.154
932.228 999.747 0.38 0.03 Measured Lake Level 67.77
0.35 0.00 AVG. LAKE LEVEL 75.60
916.573 1000.762 0.32 -0.03 Measured Lake Level 83.43
0.00 -0.35 1GLD (175.81m)
988.838 1000.046 3.99 3.62 BEACH 27.992
983.516 1000.018 2.83 2.46 BEACH 31.749
978.319 999.883 2.40 2.03 BEACH 35 485
964.945 999.982 1.74 1.37 BEACH &4 . T34
957.787 1000.064 1.68 1.3 BEACH 49.636
951.375 1000.124 1.18 0.81 BEACH 54.019
944 .843 1000.505 0.52 0.15 SEACH 58.236
942.051 1000.364 g:g 0.33 BEACH 60.254

913.880 1000.536 -0.39 -0.76 BED 79.285
909.555 1000.512 -0.47 -0.8&  LAKE BED 82.216
908.593 1000.226 -0.48 -0.85  LAKE BED 075
906.113 1000.264 -D.S5 -0.92  LAKE BED 84.713
904.000 999.552 -0.54 -0.91  LAKE BED 86.659
899.084 999.814 -0.76 -1.11  LAKE BED 89.757
894.548 1000.777 -1.02 -1.39  LAKE BED 92.067
888.178 1000.627 -1.44 -1.81  LAKE BED 96.416
881.484 1000.929 -1.64 -2.01  LAKE BED 100.624
872.670 1001.192 -1.49 -1.86  LAKE BED 106.235
862.900 1001.258 -1.70 -2.06  LAKE BED 112.584
853.380 1001.457 -1.80 -2.17  LAKE BED 118.627
841.159 1001.590 -1.26 -1.63  LAKE BED 126.419
836.608 1001.722 -1.28 -1.65  LAKE BED 129.240
829.857 1001.504 -1.39 -1.76  LAKE BED 133.725
82,.174 1001.723 -1.47 -1.84  LAKE BED 137,174
813.407 1002.088 -2.04 -2.41  LAKE BED 143.705
803.404 1001.803 -2.47 -2.84  LAKE BED 150.208
791.753 1002.219 -3.00 -3.37  LAKE BED 157.138
758.635 1000.087 -3.58 -3.95  LAKE BED 179.099
743.835 1000.951 -3.71 -4.08  LAKE BED 187.293
729.270 1000.699 -4.00 -4.37  LAKE BED 196.130
713.078 1001.106 -4.08 -4.45  LAKE BED 205.265
693.800 1001.307 -3.84 -4.21  LAKE BED 216.183
679.377 1000.085 -3.76 -4.13  LAKE BED 225.351
659.675 1000.563 -3.20 -3.56  LAKE BED 235.912
639.727 1000.328 -2.53 -2.89  LAKE BED 246.973
622.408 1000.488 -2.31 -2.68  LAKE BED 256.078
605.148 1000.192 -2.59 -2.96  LAKE BED 265.356
585.880 1000.461 -3.67 -4.04  LAKE BED 274.476
561.543 1000.322 -4.9% -5.31  LAKE BED 287.209
544.384 1000.002 -4.97 -5.34  LAKE BED 295.791
523.001 1002.845 -4.65 -5.02  LAKE BED 303.338
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999.897 0.85 ICE TOP 55.573
999.562 1.07 1CE TOP 57.157
1000.437 0.87 ICE TOP 58.246
1000.273 1.37 1CE TOP 60.297
1000.451 0.25 ICE YOP 60.719
1000.371 0.04 ICE TOP 61.

1000.558 -0.01 ICE TOP 64.598
1000.641 -0.01 ICE TOP 67.038
1000.579 0.01 1CE TOP 69.611
1000.798 0.27 1CE TOP 71.544
1000.307 0.79 ICE TOP 73.571
1000.214 0.26 ICE TOP 76.001
1000.314 0.27 ICE ToP 78.601
1000.554 0.46 ICE TOP 7.

1000.619 0.14 ICE Top 79.995
1000.596 0.51 ICE TOP 82.209
1000.411 0.19 ICE TOP 82.93¢9
1000.134 0.87 ICE TOP 84.839
999.533 0.07 ICE TOP 86.724
999. 0.01 1CE ToP 89.808
1000.674 0.02 ICE TOP 92.163
1000.773 -0.05 1CE TOP 96.297
1000.932 0.07 ICE ToP 100. 794
1001.040 0.08 ICE TOP 106.350
1001.354 0.03 1CE ToP 112.574
1001.203 -0.03 ICE YOP 118.850
1001.514 0.03 ICE TOP 126.624
1001.627 0.01 ICE TOP 129.383
1001.472 -0.06 ICE TOP 133.853
1001.755 0.06 1CE Top 137.208
1002.340 0.03 1CE TOP 143.476
1001.609 0.09 ICE TOP 150.278
1002.014 0.03 1CE TOP 157.225
1000.413 0.11 ICE ToP 168.474
1000.601 0.06 ICE TOP 168.335
1000.007 0.05 ICE ToP 179.204
1001.078 0.09 ICE TOP 187.198
1000.740 0.07 ICE TOP 196. 145
1000.922 0.10 ICE TOP 205.362
1001.487 -0.07 1CE TOP 215.991
1000.677 0.08 ICE TOP 224.878
1000.374 0.01 1CE TOP 236,130
1000.451 0.06 ICE TOP 246.883
1000.450 -0.04 ICE TOP 256.105
1000.304 0.18 ICE TOP 265.164
1000.461 0.03 ICE TOP 274,424
1000.366 0.27 ICE TOP 287.106
1000.627 0.30 ICE TOP 287.057
1000.087 0.18 1CE TOP 295.554
999.766 0.20 ICE TOP 305.405
992.350 eve ICE SURVEY LIMIT 375.742
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{’IESI?#E & DATA: NATIONAL PARK BATH HOUSE, WEST BEACH (WBR-1),
A

Latitude/Longitude (UTM): 41°37'34"N/87°1230"W
(460808N /048268E)
Date: Feb. 15, 1989
Time: 0730 - 1030 hrs
Location: See attached sketch - The survey site is located at the lakeward side of the
National Park bath house, Ogden Dunes, Indiana Dunes National Lakeshore. The

rofile is a repeat of Bill Wood's (Purdue University) WBR - 1 profile.

orizontal Control: The profile is run shore normal using a turn angle of 159 53'
30" originating from the east edge of a structural gap in the bath bouse building
from the bench mark gipe. The Northing and Easting grid was oriented to true
north using a hand held Brunton magnetic compass adjusted for the local
declination (0 ).
Vertical Control: Local lake level was measured between 0800 and 1100 hrs on the
15th. Lake levels for corresponding hourly observations at Calumet Harbor gauging
station were averaged; 176.21m, range 0.04m. Vertical control also exists from
WBR -1 pipe benchmark which is 4.58 meters above Low Water Datum (Wood, per.
comm.). Measured elevations of the lake bed and ice are believed accurate to
within 0.10m.
Notes: All values reported in meters. Distance is the straight line distance from
Pipe 1 (instrument station) to the measurement point. Height represents the
distance in meters above (+) and below (-) lake level (176.21m) at time of survey.
Elevation represents the distance in meters above (+) and below (-) Low Water
Datum,1955 (175.81 m). Measured elevations have been adjusted to WBR -1 pipe

benchmark elevation of 4.58 meters.
Lake Michigan

Odgen Dunes

L)
INDIANA DUNES NATIONAL LAKESHORE
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PROFILE DATA: NATIONAL PARK BATH HOUSE,WEST BEACH (WBR-1)
Date: Feb. 15, 1989
Time: 0730 - 1030 hrs

NORTHING EASTING ELEVATION HEIGHT  CODE DISTANCE
000 0.000 5

0. . . 4.18 PIPE 1(Benchmark) 0.000

-61.042 22.521  0.40 0.00 LAKE LEVEL 65.
0.00 -0.40 16LD (175.81m)

-6.612 2.607  4.45 3.25 BEACH 7.036
-10.682 3.915 3.66 2.46 BEACH 11.377
-15.446 5.665 2.95 1.75 BEACH 16.452
-20.982 7.729 2.51 1.3 BEACH a2
-29.141 10.777 1.95 .75 BEACH 31.070
-38.724 14.327 1.88 0.68 BEACH 41.289
-46.229 17.040 1.55 0.35 BEACH 49.269
-54.790 20.235 1.16 -0.06 BEACH 58.407
-63.611 26.046 0.42 -0.78 LAKE BED 68.004
+66.251 24.4648 0.25 -0.95 LAKE BED 70.618
-70.648 26.205 0.34 -0.86 LAKE BED 75.351
-74.499 27.779  0.29 -0.¢M LAKE BED 79.510
-79.709 29.184 0.28 -0.92 LAKE BED 84.884
-80.765 30.121 0.37 -0.83 LAKE BED 86.199
-83.263 31.090 0.32 -0.88 LAKE BED 88.878
-86.813 32.407 0.31 -0.89 LAKE BED 92.665
-91.279 33. 0.23 -0.97 LAKE BED 97.372
-92.336 34.458 0.32 -0.88 LAKE BED 98.556
-94.773 35.086 0.22 -0.98 LAKE BED 101.059
-95.580 34.908 0.1 -1.06 LAKE BED 101.755
-96.154 34.989 0.13 -1.07 LAKE BED 102.322
-97.386 35.991  0.05 -1.16 LAKE BED 103.824
-101.791  36.799 -0.18 -1.38 LAKE BED 108.239
-104.854 38.346 -0.28 -1.48 LAKE BED 111.646
-106.131  39.030 -0.17 -1.37 LAKE BED 113.080
-63.628 24.051 0.42 1CE TOP 68.022
-68.844 25.545 0.51 ICE TOP 73.430
-74.417 27.979 0.47 ICE TOP 79.503
-77.863 29.150 0.62 1CE TOP 83.141
-79.990 29.839 1.03 ICE TOP 85.374
80.802 30.189 0.56 1CE TOP 86.257
-85.769 31.848 0.47 ICE TOP 91.491
-88.610 33.593 0.52 1CE TOP 9% . 764
-91.798 34.132 1.02 ICE TOP 97.938
-92.572 34.565 0.54 1CE TOP 98.815
-94.751 34.935 0.75 ICE TOP 100.986
-96.761 35.634 1.49 ICE TOP 103.114
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PROFILE & DATA: OGDEN DUNES,WEST BEACH (WBR-3), INDIANA

Latitude/Longitude (UTM): 41°37'48"N/87°11'09"

(460855N/048468E)

Date: Feb. 15, 1989

Time: 1100 -1230 hrs

Location: See attached sketch - The survey site is located east of a fence deliniating
the eastern boundary between Indiana Dunes National Lakeshore and the
community of Ogden es at the end of Shore Drive. The profile is a repeat of
Bill Wood's (Purdue University) WBR - 3 profile.

Horizontal Control: The instrument station was set up above Pipe 1 located 1.524
meters east of fence post #11. The profile is run shore normal using a turn angle of
180 originating from Pipe 2 located 1.5 meters east of fence post #9. The Northing
and Easting grid was oriented with true north aligned offshore along the range
markers using a band held Brunton magnetic compass adjusted for the local
declination (0 ).

Vertical Control: Local lake level was not measured during the time of our survey.
Lake levels for corresponding (1100-1230 hrs) hourly observations at Calumet
Harbor gauging station were averaged; 176.22m, range 0.01m. Estimation for lake
level at the time of survey is based on the lowest Ice Top measurement which is
believed to be about 0.02m above lake level. Vertical control also exists from
WBR-3 pipe benchmark which is 7.38 meters above Low Water Datum (Wood,
Perdue Univ.). Because we failed to measure lake level, measured elevations of the
lake bed and ice are believed accurate only to within 0.20 m.

Notes: All values reported in meters. Distance is the straight line distance from
Pipe 1 (instrument station) to the measurement point (distance along the profile).
Height represents the distance in meters above (+) and below (-) lake level
(176.22m) at time of surveg. Elevation represents the distance in meters above (+)
and below (-) Low Water Datum, 1955 (175.81 m).
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PROFILE DATA: OGDEN DUNES,WEST BEACH (WBR-3)

Date: Feb. 15, 1989

Time: 1100 -1230 hrs

NORTHING EASTING ELEVATION NEIGHT  CODE DISTANCE
1000.000 1000.000 7. 6.97 Station 0.000

0.41 0.00 Lake Level
0.00 -0.41 I6LD (175.81)

994.115 1000.180 4.37 3.9 BEACH 5.888
987.384 1000.127 2.72 2.31 BEACH 12.617
983.427 999.929 2.3  1.93 BEACH 16.573
979.811 999.847 2.08  1.67 BEACH 20.190
976.726 999.658 1.90  1.49 BEACH 23.27
973.932 999.617 1.73  1.32 BEACH 26.071
971.088 999.548 1.50  1.09 BEACH 28.916
968.314 999.688 1.27 0.8 BEACH 31.688
965.121 999.699 1.06  0.64 BEACH 34.880
957.598 999.530 -0.06 -0.47 Lake Bed 42.405
955.034 1000.035 0.10 -0.31 Lake Bed &4 .966
953.259 ©999.640 -0.18 -0.59 Lake Bed 46.762
950.377 999.905 -0.27 -0.68 Lake Bed 49.623
944.679 999.755 -0.18 -0.59 Lake Bed 55.322
939.403 999.863 -0.37 -0.78 Lake Bed 60.597
934.322 999.851 -0.31 -0.72 Lake Bed 65.678
929.720 ©99.892 -0.34 -0.75 Lake Bed 70.280
924.107 999.947 -0.43 -0.84 Lake Bed 75.893
919.750 999.859 -0.43 -0.84 Lake Bed 80.250
915.987 999.767 -0.52 -0.93 Lake Bed 84.013
913.133 999.734 -0.60 -1.01 Lake Bed 86.867
963.742 999.687 0.59 Ice Top 36.259
960.939  999.883 0.26 Ice Top 39.061
959.786 999.712 0.07 Ice Top 40.215
957.719  999.459 0.03 Ice Top 42.284
955.038  999.840 0.28 Ice Top 44962
953.384 999,642 0.01 Ice Top 46.617
951.119  999.644 0.62 Ice Top 48.882
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PROFILE & DATA: CHALET-ON-THE-LAKE (UM#7), MICHIGAN

Latitude/Longitude (UTM): 42°01'18"N/86°32'32"W

(465247N/053793E)

Date: Feb. 20, 1989

Time: 1000 - 1400 hrs

Location: See attatched sketch - The survey site is located at the end of the "Chalet-
on-the-Lake" access road, located just north of Township Park, Grand Mere Lakes,
Michigan. The survey is a reoccupation of profile line UM-7 run by the University
of Michigan.

Horizontal Control: The survey station was set up over a tgre-existing bench mark
located “1.5m north of the railroad tie retaining wall off the NE corner of Chalet
#10. The line was run along a magnetic bearing of 297 from the bench mark using
a hand held Brunton magnetic compass adjusted for the local declination (0 ). The
Northing and Easting grnid was oriented with true north aligned to 84 . This line
has also been referenced to a well pipe located directly in front of Chalet #20.
Vertical Control: Local lake level was measured between 0800 and 1030 hrs on the
20th. Lake levels for corresponding hourly observations at Calumet Harbor and
Luddington gauging stations (176.19m, range +0.05m, -0.06m at Calumet ;
176.12m, range +0.03m, -0.04 at Luddington) were interpolated with respect to
site/gauging station proximity: Calumet (68%), Luddington (32%) thus yeilding an
estimated lake level of 176.17m for the time of the survey. Measured elevations of
the lake bed and ice are believed accurate to within 0.10m.

Notes: All values reported in meters. Distance is the straightline distance from the
survey station to the measurement Foim. Height represents the distance in meters
above (+) and below (-) lake level (176.17m) at time of survey. Elevation is the
height in meters above the Low Water Datum, 1955 (175.81m).
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PROFILE DATA: CI:%SFN-TNE-LAKE (UMF7)

Date: Feb. 20

Time: 1000 - 1400 hrs

NORTHING EASTING ELEVATION NEIGNT  CODE DISTANCE
1014.169 1005.990 7.87  7.55  WELL PIPE 14,267

1000.000 1000.000 5.19  4.87 Station (Benchmerk) sg.ooo

956.985 972.007 0.31 0.00 LAKE LEVEL .
0.00 -0.3% 16LD (175.81m)
989.807 994.198 1.15 0.83 BASE OF RUBBLE 11.306
987.410 992.823 0.95 0.64 BEACH 13.972
985.752 991.732 0.23 -0.08 LAKE BED 15.914
984.312 990.708 0.10 -0.22 LAKE BED 17.656
982.304 988.955 -0.01 -0.33 LAKE BED 20.314
978.231 985.843 -0.22 -0.53 LAKE BED 25.393
9764.951 983.751 -0.26 -0.58 LAKE BED 29.188
971.122 981.343 -0.5 -0.84 LAKE BED 33.593
966.594 978.404 -0.30 -0.6% LAKE BED 38.
963.523 976.360 -0.2 -0.52 LAKE BED 42.479
961.151  974.976 -0.38 -0.469 LAKE BED 45.130
959.229 973.556 -0.32 -0.64 LAKE BED 47.490
956.961 971,911 -0.52 -0.84 LAKE BED 50.254
953.733  969.724 -0.49 -0.80 LAKE BED 54.077
967.668 965.812 -0.97 -1.29 LAKE BED 61.117
938.899 960.266 -1.19 -1.50 LAKE BED 71.216
929.534 953.858 -1.27 -1.59 LAKE BED 82.343
919.39. 947.545 -1.28 -1.59 LAKE BED 93.938
912,132 9462.528 -1.12 -1.44 LAKE BED 102.594
906.530 940.391 -0.89 -1.20 LAKE BED 108.023
901.702 936.974 -0.95 -1.27 LAKE BED 113.834
894.695 933.087 -1.03 1.3 LAKE BED 121.491
705 S .34 -1.66 LAKE BED 128.887
879.621 922.234 -1.83 -2.14 LAKE BED 139.753
868.280 914.060 -2.49 -2.81 LAKE BED 153.493
854.126 905.463 -3.56 -3.88 LAKE BED 169.466
840.372 B887.497 -4.32 -4.63 LAKE BED 191.971
814.956 878B.462 -3.97 -4.29 LAKE BED 215.944
798.233 863.794 -3.84 -4.16 LAKE BED 238.068
783.016 853.692 -3.69 -4.00 LAKE BED 255.807
760.057 842.884 -3.02 -3.34 LAKE BED 279.250
739.081 831.67¢ -2.36 -2.66 LAKE BED 301.593
729.277 B24.446 -2.52 -2.84 LAKE BED 313.506
987.548 992.820 1.01 ICE TOP 13.88
985.774 991.782 1.17 ICE TOP 15.863
984.249  990.485 0.41 1CE TOP 17.858
982.125 988.879 0.45 ICE TOP 20.495
978.094 985.782 0.80 1CE TOP 25.532
974.458 983.536 0.57 ICE TOP 29.687
973.019 982.533 0.81 ICE TOP 31.413
970.864 981.178 0.67 1CE TOP 33.892
969.793  980.518 0.83 ICE TOP 35.1%4
968.937  980.199 0.23 ICE TOP 35.943
966.598 978.398 0.73 ICE TOP 38.
964.519  977.116 0.81 1CE TOP 41.241
976.402 0.62 ICE TOP 42.563
961.047 974.925 1.31 ICE TOP 45.239
959.047 973.438 1.27 ICE TOP 47.702
956.824 971.708 0.20 1CE TOP 50.494
953.663 969.760 0.03 1CE TOP 54.100
947.555 965.763 0.07 ICE TOP 61.232
. 960.048 0.05 ICE TOP T1.441
938.550 960.031 0.08 ICE TOP 71.628
929.424 953.691 0.11 1CE TOP 82.539
919.266 9%7.475 0.12 1CE TOP 94.077
912.148 942.652 0.23 ICE TOP 102.494
908.789 940.758 0.73 1CE TOP 106. 190
907.682 940.813 0.42 1CE TOP 106.920
907.020 940.773 0.64 1CE TOP 107.408
629 940.421 0.16 1CE TOP 107.933
905.082 939.515 0.64 ICE TOP 109.
903.679 938. 0.17 1CE TOP 111.157
902.932 937.978 0.36 1CE TOP 112.257
901.844 937.112 0.09 1CE TOP 113.636
894.941 933.087 0.16 1CE TOP 121.321
888.711 928.7 0.12 ICE TOP 128.764
879.883 922.516 0.02 1CE TOP 139.368
868.492 914.168 0.10 ICE TOP 153.268
854.434 - 905.618 0.09 1CE TOP 169.142
840.976 7 0.09 1CE TOP 191.415
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APPENDIX 2-A - 1990 Ice and sediment sample notes

Field observations and notes

e Samples 1 thru 20, Beach and lakebed sediment samples collected at Gillson Beach, at Wilmette
Hlinois February 11, 1990. No ice was present at this time. (See Figure 9 for locales.)

SLMB90-1: Upper beach surface along the center profile line in the Gillson survey grid.
SLM90-2: Lower beach surface along the center profile line in the Gillson survey grid.

SLM90-3: Beach surface at the berm where the beach was slightly frozen at the top of the swash zone
along the center profile line in the Gillson survey grid.

SLM90-4: Upper swash zone surface along the center profile line in the Gillson survey grid.
SLM90-5: Lower swash zone surface along the center profile line in the Gillson survey grid.
SLM90-6: Offshore surface sediment along the center profile line in the Gillson survey grid.
SLM90-7: Furthest offshore surface sediment along the center profile line in the Gillson survey grid.
SLM90-8: Upper beach surface along the "south 6" profile line in the Gillson survey grid.
SLM90-9: Lower beach surface along the "south 6" profile line in the Gillson survey grid.

SLM90-10: Beach surface at the berm (the beach was slightly frozen at the top of the swash zone)
along the "south 6" profile line in the Gillson survey grid.

SLM90-11: Upper swash zone surface along the "south 6" profile line in the Gillson survey grid.
SLM90-12: Lower swash zone surface along the"south 6" profile line in the Gillson survey grid.
SLMO90-13: Offshore surface sediment along the "south 6" profile line in the Gillson survey grid.

SLM90-14: Furthest offshore sediment sample along the "south 6" profile line in the Gillson survey
grid.

SLM90-15: Upper beach surface along the "north 6" profile line in the Gillson survey grid.

SLM90-16: Lower beach surface along the "north 6" profile line just above the berm in the Gillson sur-
vey grid.

SLM90-17: Beach surface at the berm where the beach was frozen at the top of the swash zone (ice
was slightly buried at this location) along the "north 6" profile line in the Gillson survey grid.

SLM90-18: Lower swash zone surface along the "north 6" profile line in the Gillson survey grid.
SLM90-19: Offshore surface sediment along the "north 6" profile line in the Gillson survey grid.
SLM90-20: Furthest offshore sample along the "north 6" profile line in the Gillson survey grid.

o Samples 21 through 35 taken at Point Beach State Forest on Feb. 13.

The ice foot was approximately 17m wide in the morning. The wind was blowing coast-parallel from
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the NNW at 12 knots, after a night of stronger SE winds, which had elevated lake level at this site
perhaps 40cm. We do not know when the wind shifted to northerly. At about 0900 the littoral drift
was northerly, moving ice along in an 8m wide brash/slush belt at a rate of about 26cm/sec. This belt
of ice contained only 10-20% slush ice. Later, at 1040, the littoral drift had shifted southerly, moving
at about 60cm/sec. in a 6m wide brash/slush belt of about 50% slush. This change may be a delayed
result of wind changes since last night.

SLM90-21: Clean appearing ice platelets from the top of the outer ice ridge that had been recently
thrown up onto the ridge. The dimensions of the platelets were 2-5cm diameter by lcm thick. The
sample was taken with a "push tube” (diameter of 7.9cm x 30cm long 1470cc). Approximately 5% of
sand spilled along with 50ml of water during processing. (750m! meliwater).

SLM90-22: Piece of brash ice from the outer ice ridge. This sample had also been recently thrown on
top of the ridge. Its dimensions were about 25cm x Scm x 12cm. It was obviously very dirty, but
characteristic of the brash pieces that were drifting to the north. (1375ml melt).

SLM90-23: Slush ice from brash/slush belt collected in two scoops with the dip net from the outer edge
of the ice complex. (4325ml melt).

SLM90-24: Composite sample: fist-size chunks of about 20 cakes of the hard, dense brash ice that was
moving to the south. The brash was all collected within 30cm of the ice edge. None were larger than
30cm in diameter. (4380ml melt).

SLM90-25: Mostly solid ice core from the ice lagoon at Point Beach. Volume of the ice core is
1060cc. Length=24cm. (980ml melt).

SLM90-26: Ice core from ice cone on inner edge of ice ridge at Point Beach profile site. Volume of ice
core= 3444cc. Something seems wrong with this sample - too much melt water for the volume of ice.
Length=78cm. (3440m! melt).

SLM90-27: Ice core from small outer ice ridge which calculates to a volume of 3533cc. There were
several voids as the core was drilled to more than a meter. (A hole 30 cm from this one only recovered
29cm of core). Length=80cm. (1990m! meltwater).

SLM90-28: Sediment sample from the lakebed Sm from the shoreline obtained by coring through the
ice foot with the ice auger.

SLM90-29: Sediment sample from the lake bed approximately 8m from the shoreline at Point Beach.

SLM90-30: Sediment sample from the beach 3m onshore from the inshore edge of the ice foot at Point
Beach.

SLM90-31: Sediment sample of the drifing aeolian sand on the upper part of the beach at Point Beach.
SLM90-32: A sample of platelet ice at Point Beach collected along with #33 and #34 at about 1600 hrs
with the dip net in several scoops. This ice occured in a belt 3m wide, traveling south at a rate of

57cm/sec (90m/2:37min). (5750 ml melt).

SL.M90-33: Subsamples of 20 samples of brash ice taken at the same time as #32 and #34. Representa-
tive of what was drifting at Point Beach in the 3m wide brash/slush belt. (5475ml melt).

SLM90-34: Subsamples taken from five of the dirtiest large brash pieces drifting south at a rate of
S57cm/sec in the 3m wide belt at Point Beach. Collected with #32 and #33. (13,350ml melt).

SLMO90-35: Slush ice sample taken with the dip net at Neshotah Park beach just northeast of Two
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Rivers, Wisconsin. There was a small ice foot which the swash did not quite reach. The water out to
7-8m distance was filled with slush masses that appeared very dirty. The 30 cm waves did not appear
to be hampered in rolling into the shoreline. (1645ml melt).

e Samples 36 through 41 taken Feb. 14, 1990

SLM90-36: Point Beach State Park sediment sample taken on the crest of the outer most bar surveyed
in morning.

SLM90-37: Point Beach State Forest ice sample collected 40cm below the lake surface in the swash
zone. This ice cake was neutrally buoyant. Because of the very high volume of waterlogged sand in
the bucket after decanting when compared to other samples, the meltwater volume is lower than the
true amount. (180ml melt)

SLM90-38: Ice core from the nearshore ice ridge at the Algoma Wayside, about 2 miles south of
Algoma, Wisconsin. Core was divided into 4 sections based on stratigraphy and cohesiveness. (0-17
cm = 460ml melt) (17-36cm = 470ml melt) (36-53cm = 450 ml melt) (53-95cm = 1210ml melt).

SLM90-39: Ice core from the nearshore ice ridge at the Algoma Wayside. Core was divided into upper
and lower segments. (0-40cm = 1010m! melt) (40-83cm = 1100ml melt)

SLM90-40: Sample taken of dirty brash ice drifting south in the 12m wide brash/slush belt at the
Algoma Wayside. The dirty brash is represents about 1-2% of the ice volume in the generally cleaner
brash/slush belt. (750ml melt)

SLLM90-41: Slush ice sample dipped from the 12m wide brash/slush belt drifting south at the Algoma
Wayside. (2150ml melt)

e Samples 42 through 48 collected on Feb 15 1990 at the Two Creeks County Park, near the town of
Two Creeks, Wisconsin.

SLM90-42: Two Creeks County Park ice core collected 2m landward of an active ice volcano. "Push
tube" was inserted horizontally with the top of the tube about Scm below the top of the ice. After jam-
ming tube in, it was dug out by hand; a very good ice density sample. Core volume (1460cc) (910ml
meltwater)

SL.LM90-43: Dip net full of slush ice overwash collected on same ice volcano as sample #42. Collected
within 5 minutes of # 42, at about 1045. (1340ml melt)

SLM90-44: "Push tube” inserted horizontally into the ice lagoon about Sm from shore. Water depth
was 60cm at this site, and top of core tube was 2cm below top of ice surface. Core volume (1460cc)
(1090ml melt)

SLM90-45: A 30cm long "push tube" sample was taken from an active ice volcano, shortly after the
overwash, within 1m of the orifice. The tube was oriented vertically. This sample sheds light on the
density of the ice foot, and more importantly, on the filtration mechanism, when the sediment concen-
tration is compared to that of the falling slush in #46. The volcano was about 3m above lake level.
The volume of this core with inclined sediment stratification was 1460ml. (950m! melt)

SLM90-46: Collected at the same place as #45 with a Dip net held out over the orifice to catch the fal-
ling slush. The sediment concentration of this sample is t0 be compared to that of the volcano (#45) to
learn about filtration. (1730ml melt)

SLM90-47: Sample taken about 200m south of Two Crecks State Park from the brash/slush belt just
lakeward of the ice ridge. Sampled with a bucket to get both water and slush ice. (3750ml melt)
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SLM90-48:Same location at #47 but sampled with dip net so that the water drained out. (1280ml melt)
e Samples 49 through 58 were taken at Point Beach State Forest on Feb. 16.

Series of push tube cores from the ice foot at profile site in Point Beach State Forest, Wisconsin. Cores

are arranged in a "T" pattern with cores 50-52 from onshore to offshore and cores 53-58 at parallel to

the shore along the crest of the ridge. At core site 49 on the outer edge of the ice ridge 10 cm of dirty -
ice was scraped off before coring. Core 58 was taken at the same location but one hour later after the

site had been overwashed with water and slush at a rate of 2-3 overwashes per minute. The top and

bottom of the core holes were surveyed for location and elevation (see daily survey log).

SLM90-49: Push tube sample. Collected after smoothing top of ice ridge to check for filtering (Same
location as #58). Length 79cm. Appears to be dirtiest near the bottom. (0-10cm = 405ml melt) (10-
30cm = 810ml melt).

SLM90-50: Push tube sample. Collected from the inner part of the ice foot after removing about Scm
of snow. Length = 28cm. (0-10cm = 250ml melt) (10-28cm = 490m] melt).

SLM90-51: Collected 40cm landward of ice ridge after removing about Scm of snow. Length = 53cm.
(0-10cm = 355ml melt) (10-28cm = 570ml melt) (28-56cm = 680m] melt)

SLM90-52: Push tube sample. Collected at inner edge of ice ridge. Bottom 3cm was very sandy. We
discarded the bottom S5cm of the push tube before sampling as it looked like probable cored lakebed.
The bottom 30% looks cleaner than the core above. Length = 75cm. (0-10cm = 220ml melt) (10-40cm
= 885ml melt) (40-70cm = 1110ml melt)

SL.M90-53: Push tube sample. Collected within 60cm of lakeward edge of ice, on survey line. Length
= 94.5cm. (0-10cm = 390ml melt) (10-20cm = 355ml melt) (20-30cm = 345ml melt) (30-40cm
345ml melt) (40-50cm = 325ml melt) (50-60cm = 325ml melt) (60-70cm = 350m! melt) (70-80cm
440ml melt) (80-94cm = 560ml melt).

SLM90-54: Push tube sample. Sample was collected on the ice ridge within 60cm of the ice edge.
Position was north of survey line. Length = 98cm. (0-10cm = 350ml melt) (10-55cm = 1315ml melt)
(55-98cm = 1590ml melt).

SLM90-55: Push tube sample. Collected on the ice ridge within 60cm of the ice edge. Position was
about 12m north of survey line. Length = 90cm. (0-10cm = 395ml melt) (10-50cm = 1225mi melt)
(50-90cm = 1600ml melt).

SLM090-56: Push tube sample. Collected on ice ridge about 1m landward of outer ice edge. Didn’t
sample the bottom Scm of ice in this region, because the core tube wasn’t long enough. Position was
about 5m south of survey line. Length = 98cm. (0-10cm = 400ml melt) (10-55cm = 1400ml melt)
(55-98cm = 1575ml melt).

SLM90-57: Push tube sample. Collected on the ice ridge about 50cm landward of ice edge. Didn’t
sample the bottom 10cm of ice here. Length = 93cm. (0-10cm = 340ml melt) (10-45cm = 1130ml
melt) (45-93cm = 1680ml melt).
SLM90-58: Push tube sample. Collected from top of ice ridge, within 10cm (shore parallel) of sample
# 49, to test the ice filtration theory. Sample was collected 1 hour after core #49. Length=85cm. (0-
10cm = 310ml melt) (10-30cm = 700mi melt).

o Samples 59 through 65 taken at Kohler-Andrae State Park on Feb. 17.

SLM90-59: Kohler-Andrae State park push tube core from slush ice newly attached to the nearshore ice
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ridge, ie. newly formed nearshore ice. Taken at 0830hr. Length = 72cm. (1600ml meltwater)

SLM90-60: Barely floating brash ice from outer edge of brash/slush belt at Kohler-Andrae State Park.
(1740ml melt)

SLM90-61: More floating brash ice with sediment: representative of the less than 1% of drifting ice. -
This cake was orginally drifting with a rind of soft slush (cleaner) which was brushed off before sam-
pling. (1040ml melt)

e Samples 62-65 were taken with the "Transient Layer Sampler” as a wave crest passed with the tube
openings facing offshore. They were then strained through a sieve to separate the water and ice
portions.

SLM90-62: Sample series at 60cm water depth 11m from shore and 1m from ice edge. Water (W) and
ice (I) samples were taken at 10 and 44.4cm above the lakebed. (10cm W = 748ml) (10cm I = 230ml
melt) (44.4cm W = 560ml) (44.4cm I = 580cm melt).

SLM90-63: Sample series at 90cm water depth 15.5m from shore and 5.5m from ice edge. Water (W)
and ice (I) samples were taken at 10cm(W), 44 4cm(W&I), and 84cm(W&I) above the lakebed. (10cm
W = 990ml) (44.4cm W = 855ml) (44.4cm I = 510ml melt) (84cm W = 640ml) (84cm I = 340ml melt).

SLM90-64: Sample series at 105cm water depth 25.5m from shore and 12.5m from ice edge. Water
(W) and ice (I) samples were taken at 10cm(W), 44.4cm(W&I), and 84cm(W&I) above the lakebed.
(10cm W = 730ml) (44.4cm W = 1090ml)(44.4cm I = 54m! melt) (84cm W = 552ml) (84cm I = 222ml
melt).

SLM90-65: Sample series at 90cm water depth 28.5m from shore 18.5m from ice edge and 2m land-
ward of the outer edge of the brash/slush belt. Water (W) and ice (I) samples were taken at 10cm(W),
44 4cm(W&I), and 84cm(W&I) above the lakebed. (10cm W = 950ml) (44.4cm W = 1040ml) (44.4cm
I = 12m! melt) (84cm W = 290ml) (84cm I = 128ml melt).

o Samples 66 through 68 obtained at Kohler-Andrae State Park on Feb. 19.
SLM90-66: Dirty ice (anchor ice?) 2-3cm thick dislodged from the bottom just lakeward of the ice
ridge. Part of a 30-40cm thick ice mass that was frozen to the bottom. With the offshore wind
dislodged cakes were moving lakeward. (610ml meltwater).

SLM90-67: Slush ice sampled with the dip net after kicking the bottom to disloge billowy clouds of
what we tentativley think was frazil and sediment suspensions. (1280ml melt),

SLM90-68: Samples from two pieces of typical brash ice, floating away from the ice foot toward deep
water, collected 100m lakeward of the ice ridge. From the aircraft we observed long and narrow strea-
mers of drifting ice extending several kilometers offshore due to the offshore winds. (2105ml melt).

s Samples 69 through 77 obtained at Kohler-Andrae State Park on Feb. 20, between 0930 and 1100
hrs.

SLM90-69: Water sample adjacent to ice ridge. (940ml total)

SLM90-70: Representative slush/brash and water sample taken with a bucket about 2m lakeward of ice
ridge. (6040ml meltwater).

SLM90-71: Surface water 20m from ice ridge. Soft anchor ice was dislodged from bottom and sampled
with the trap sampler after waiting 10 seconds for it to settle. (360ml melt).
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SLM90-72: An anchor ice mass dislodged from the bottom and immediately sampled with the trap
sampler. This sample was strained by sieve into water (W) and ice (I) portions. (72 W = 425ml) (72 1
= 160ml melt).

SLLM90-73: Trap sampler was inserted into soft anchor ice on the lakebed about 2m lakeward of the ice
ridge. This sample was strained into water (W) and ice (I) portions. (73 W = 425ml) (73 I = 260ml
melt).

SLM90-74: Sediment taken from the offshore bar, about 30m from ice ridge.

SLM90-76: Collected with Kraus’s Streamer at 1100hrs. Taken by pulling the streamer through about
50m of still water 30m offshore while dislodging anchor ice and bottom material (mostly micas?) ahead
of streamer.

SLM90-77: Collected with Kraus’s Streamer about 30m offshore in 70cm of water. The streamer was
towed about 100m at 10cm below the surface without disturbing the lakebed.

e Samples 78-95 were offshore ice and sediment samples taken from the R.V. Neeskay cruise on
February 20, 1990 Between Milwaukee and Port Washington (Figure 10).

SLM90-78: <3cm thick lens of dense ice with sand cover: submerged under pancake ice. Collected at
Station 11.

SLM90-79: 8 small pieces of ice with sand, and up to Scm from patch of pancake ice. Collected at Sta-
tion 6.

SLM90-80: Clear piece of pancake ice with some sand. Collected at Station 2.
SLM90-81: Part of a large cake of slushy, sandy ice. Mostly fine grained. Collected at Station 8.
SLLM90-82: A turbid ice cake. Collected at Station 2.

SLM90-83: One small piece of sandy, pancake ice collected from an extensive field of pancake ice.
Collected at Station 1.

SLM90-84: Faintly banded, slushy, dirty ice containing sand and pebble. Representative sample of sam-
ple 93 which was melted and decanted. Collected at Station 15.

SLM90-85: Parts of 50cm diameter cake of slushy, sandy ice.

SLM90-86: Several sandy, pancake ice pieces. Collected at Station 3 & 4.

SLM90-87: Small cakes of slushy, dirty ice with sand sized sediment. Collected at Station 10.
SLM90-88: Small pieces of sandy pancake ice from pancake ice patch. Collected at Station 5.
SLMO90-89: Part of the slushy center of a dirty ice pancake. Collected at Station 9.
SLM90-90: Sand from the surface of underrafted ice pancake. Collected at Station 12.
SLM90-91: Pebbles from the surface of underrafted pancake ice. Collected at Station 12.
SLM90-92: Pancake ice sample. Collected at Station 6.

SLM90-93: Sample of sediment from under-rafted pancake ice. Collected at Station 15.
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February 1990 Neeskay Cruise
Station Locations
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Figure 10. Locality map showing R/V Neeskay cruise station
numbers.
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SLMO90-94: Sand and pebbles washed from submerged pancake ice. Collected at Station 14.

SLM90-95: Thin pancake ice with surficial layer of sand and pebbles. Collected at Station 13.
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APPENDIX 2-B

Appendix 2-B is a table containing sediment characteristics of samples taken in February 1990.

In performing calculations for the 1990 samples certain assumptions and equations were used
which should be explained here. The main assumptions we made were:
Water density= 1gm/lcc= 1
Sediment density= 2.60gm/cc
Ice Density= .71gm/cc

The following equations were used to account for sediment volume:
Sed. vol.= wt. sed./dens. sed.= wt. sed/2.6
Vol. of sed+water= sed. vol+.3(sed. vol.)
or (Wt. sed./dens. sed.)}+.3(wt. sed./dens. sed.)
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APPENDIX 2-C

Appendix 2-C contains grain size analysis results of February 1990 samples.
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APPENDIX 2-D
Appendix 2-D contains 1990 profile data. Locations may be found on figure 8.

PROFILE DATA: GILLSON BEACH PARK, WILMETTE, ILLINOIS

Latitude/Longitude (UTM): 42°04’52"N/87°941/13"W
(465885N/044322E)
Date: December 10, 1989 (Onshore)

December 12, 1989 (Onshore)

December 13, 1989 (Offshore)

December 14, 1989 (Onshore)
Time: December 10: 1250 - 1619 CST

December 12: 1311 - 1520 CST

December 13: 1156 - 1520 CST

December 14: 0849 - 1214 CST
Location: See attached sketch - The survey was run at the
central portion of Gillson Beach. The Main Line (ML)
extends from a black mark on the curb on the northeast side
of the concession stand (back marker) through the center
light of five 1lightposts (front marker) at a 030° (0°
declination) bearing. A line on this bearing
perpendicularly bisects the shoreline. "USGS" is printed on
the bottom of the light post. It should be noted that this
profile and the 1990 Gillson Profiles were run to the north
of the February 1989 Gillson Beach Profiles.
Horizontal Control: Twelve profile lines were surveyed
parallel to the center line. Lines North Line 1 to 6 (NL1,

NL2, ...) were spaced 15 meters apart with NL1 being most
proximal to the Main Line. The South Lines were identically
set up.

Vertical control: Elevations (z) reflect the elevation above
Low Water Datum, 1955 (175.81m). The front reference marker
was tied into this datum by surveying the bench marks M-26
and M-27 on the harbor entrance jettys just south of Gillson
Beach next to the Coast Guard Building. It should be noted
that these bench marks are correlated to City of cChicago
Datum, which is 0.453 m below Low Water Datum. The front
marker is the reference point of this survey grid and was
surveyed to be 2.838 meters. Lake level was measured on
December 14 to be 0.316 meters based on an average of 6
measurments between 0911 CST and 1215 CST.
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PROFILE DATA: GILLSON BEACH PARK, WILMETTE, ILLINOIS

Latitude/Longitude (UTM): 42°04’52"N/87°41’13"W
{465885N/044322E)
Date: February 10, 1990 (Offshore lines)

February 11, 1990 (Onshore lines)
Time: February 10: 1300 - 1745 CST

February 11: 0900 - 1430 CST
Location: See attached sketch in December, 1989 data - The
survey was run at the central portion of Gillson Beach. The
Main Line (ML) extends from a black mark on the curb on the
northeast side of the concession stand (back marker) through
the center light of five lightposts (front marker) at a 030°
(0° declination) bearing. A line on this bearing
perpendicularly bisects the shoreline. "USGS" is printed on
the bottom of the light post.
Horizontal cControl: Twelve profile 1lines were surveyed
parallel to the center line. Lines North Line 1 to 6 (NL1,
NL2, ...) were spaced 15 meters apart with NL1 being most
proximal to the Main Line. The South Lines were identically
set up.
Vertical Control: Elevations (z) reflect the elevation above
Low Water Datum, 1955 (175.81m). The front reference marker
was tied into this datum by surveying the bench marks M-26
and M-27 on the harbor entrance jettys just south of Gillson
Beach next to the Coast Guard Building. It should be noted
that these bench marks are correlated to City of Chicago
Datum, which is 0.453 m below Low Water Datum. The front
marker is the reference point of this survey grid and was
surveyed to be 2.838 meters. Lake level was measured on
February 10 to be -0.339 meters at 1725 CST.
Notes: Due to an equipment malfunction the data from the
Geodat could not be downloaded into the PC after data
collection on February 10. This caused the Geodat memory
banks to be filled before the end of surveying on February
11. Thus, the data from the last two lines run on February
11 (NL1, NL2) were entered into the PC by hand without the
aid of the Geodat.

On February 11, the azimuth angle was incorrectly set.
This caused all original horizontal angles to be too large.
This mistake was corrected by using a UNIX AWK program to
subtract the incorrect azimuth angle before ant subsequent
programs were run.

Several onshore profile lines did not overlap with
their respective offshore line. Thus, PFMERGE.C was not able
to merge these lines. Merging was accomplished by creating
several extra data points by reading bathymetry data of the
fathometer record using a Gerber Scale, and extrapolating X,
y, and time values of the previous offshore data points.
These extra points may be recognized in the data set by a
point number (PN#) 00. Lines in which data points were added
are SL4, NL1, NL3, NL5, and NLs6.

The code SILM90-# (Southern Lake Michigan, 1990-sample
number) in the "Comments" column are sample numbers which

may be refered to elsewhere in this report.
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PROFILE DATA: POINT BEACH STATE FOREST, WISCONSIN

Latitude/Longitude (UTM): 44°13704"N/87°30’59"W
(489596N/045946E)
Date: February 13, 1990

February 14, 1990

February 16, 1990
Time: February 13: 1545-1700 CST

February 14: 0900-0930 CST

February 16: 1030-1315 CST
Location: See attatched sketch - The surveys were run from
the picnic area parking lot located across the road from the
entrance to the main campgground in the State Forest. The
Main Line (ML) extended at 272° mag. from the top of the
lowest fence railing at the point at which it crosses the
most northerly of the fence posts located on the southern
side of the opening through the wooden fence which allows
access to the beach (back marker). The front marker was
temporary in nature and was placed on the beach on a line
from the back marker that was perpendicular to the trend of
the shoreline.
Vertical Control: The lake level was measured on February 13
to be -5.704 meters below the back reference mark at 1620
CST. This difference was added to the elevation data points
to give an elevation relative lake level at that time.
Notes: On February 13, the azimuth angle was incorrectly
set. This caused all original horizontal angles on this date
to be too large. This mistake was corrected by using a UNIX
AWK program to subtract the incorrect azimuth angle.

The code SIM90-# (Southern Lake Michigan, 1990) refers
to samples that were collected at this point, and which may
be referred to elsewhere in this report

.. 272° mag
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PROFILE DATA: KOHLER-ANDRAE STATE PARK, WISCONSIN

Latitude/Longitude (UTM): 43°39/07"N/87°44/37"W
(483326N/044145E)
Date: February 18, 1990

February 19, 1990
Time: February 18: 1610 - 1710 CST

February 11: 1100 - 1645 CST
Location: See attatched sketch - The survey was run
appropriately 150 meters south the most southerly beach
front parking lot in the park. The Geodimeter was set up on
a sandy knoll at the rear of the beach at a point where
there is a gully leading up to the knoll and a clearing in
the trees that line the top of the first ridge parallel to
the beach. The rear marker was a small pine tree at the head
of the gully. The Mainline (ML) extended from the tree at
an angle of 246° mag through a stick planted in the ground
at the top of the southerly knoll. This line perpendicularly
intercepts the shoreline. No permanent markers were left for
future surveys. This location is not tied into any bench
mark.
Horizontal Control: Four profile 1lines were surveyed
parallel to the center line. Lines North Line 1 and North
Line 2 (NL1, NL2) were spaced 25 meters apart with NL1 being
most proximal to the Main Line. The South Lines were
identically set up.
Vertical Control: Elevations are related to lake level on
February 19 at 1457 CST. Three readings were taken of the
lake level. These indicated a rear reference mark elevation
of 3.559 meters above lake level.
Notes: The profile was set up on February 18 at a point
along the shore where there was a breach in the outer ice
foot, and slush ice was subsequently filling up the lagoon
behind this ridge. By February 19, this breach had been
filled and a new ice foot had built up.

Whereas eight offshore profile lines were run, only five
onshore lines were run. Three offshore lines did to connect
with a respective onshore lines (Offshore Lines 3, 7, 8). In
order to use these data in conjunction with the other lines,
a correction must be made for wave motion. As there is no
"average offset" of these lines because they do not overlap
with an onshore 1line, the "offset" value listed is an
average of the "average offsets" of those lines that do
merge with onshore lines.

For line Shore Parallel 3, the boat was manually pulled
along so that sightings could be taken with the Geodimeter
with greater ease. The line was run just offshore of the
outer ice foot.
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PROFILE DATA: GILLSON BEACH PARK, WILMETTE, ILLINOIS

Latitude/Longitude (UTM): 42°04’52"N/87°941713"W
(465885N/044322E)
Date: April 22, 1990 (Offshore lines)

April 20, 1990 (Onshore lines)
Time: April 22: 0957 - 1233 CDT

April 20: 1310 - 1728 CDT
Location: See attached sketch in December, 1989 data - The
survey was run at the central portion of Gillson Beach. The
Main Line (ML) extends from a black mark on the curb on the
northeast side of the concession stand (back marker) through
the center light of five lightposts (front marker) at a 030°
(0° declination) bearing. A 1line on this bearing
perpendicularly bisects the shoreline. "USGS" is printed on
the bottom of the light post.
Horizontal Control: Twelve profile 1lines were surveyed
parallel to the center line. Lines North Line 1 to 6 (NL1,

NL2, ...) were spaced 15 meters apart with NL1 being most
proximal to the Main Line. The South Lines were identically
set up.

Vertical control: Elevations (z) reflect the elevation above
Low Water Datum, 1955 (175.81m). The front reference marker
was tied into this datum by surveying the bench marks M-26
and M-27 on the harbor entrance jettys just south of Gillson
Beach next to the Coast Guard Building. It should be noted
that these bench marks are correlated to City of Chicago
Datum, which is 0.453 m below Low Water Datum. The front
marker is the reference point of this survey grid and was
surveyed to be 2.838 meters.

Notes: No offshore information for South Line 3 is given due
to an, as yet, unexplainable error.
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