AD~A031 101 CORPS OF ENGINEERS CHICAGC ILL NORTH CENTRAL DIV F/76 13/2
PILOT STUDY PROGRAM:» 3REAT LAKZS SHORELAND DAMAGE STUDY. MAIN R==ETC(U)
MAY 76 L D'ALBA: T HEMPFLING

UNCLASSIFIED




1.0

T
—_

— L
=

i i

W: 20




l

mAO0S1101

SUMMARY REPORT OF THE PILOT STUDY PROGRAM,

GREAT LAKES SHORELAND DAMAGE STUDY

(e 14

)

Prepared by U.S. Army/Corps of Enginears)
North Central Divieteomr
; Chicago, Illimois

in cooperation with the

Great Lakes States

0CT 22 1976

May 1976

£n

DISTRIBUTION STATLM N7 7 |
Approved fax public release,
Distribution Unlimited

T AR e — R RN L S

&



SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered) o

g READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
REPOAT NUMBEF N > "z GOVT ACCESSION NO.f 3. RECIPIENT'S CATALOG NUMBER

GAMNERED

) Suom ma v repl. \
inal) Julysss72-JuLamadd 4, )

8@ CONTRACY OR GRANT NUMBER(s)

i
!4 TiT( E (and Subiitle)

a8

Pilot Study
Program, Great Lakes Shoreland Damage Study,

. vo&umes;"seewsoverae,aédaéq\ﬂain Report ,

<t i,

7 AUTHORCS)

for Main Report onlyg (J Léuia%'Alba

Lar” Thomas /Hempf1ing

9 FERFORMING ORGANIZATION NAME AND ADDRESS ' 0 ::82".M:OEA-KE::"‘Y"-“’U‘:‘O'JE‘ES"‘ TASK

Various planning agencies and organizations , )
| identified in the report. (14, [-E%-y.l
| LE e
r'_‘ CONTROLLING OFFICE NAME AND ADDRESS 12~REPORT RATE » /
North Central Division, Corps of Engineers § 76 }
536 S. Clark Street ‘ €s

104

Chicago, Illinois
T MONITORING AGENCY NAME & ADDRESS(If different from Controlling Offtce)

1§ SECURITY CLASS (ol this report)

Unclassified

@ OECLASSIFICATION/ DOWNGRADING
SCHEDULE

16, DISTRIBUTION STATEMENT (of this Raport)

Approved for public release, distribution unlimited.

17 DISTRIBUTION STATEMENT (of the abatract entered in Block 20, {f difterent from Report)

. ®

18 SUPPLEMENTARY NOTES

Copies are obtainable from National Technical Information Service,
Springfield, Virginia 22151

19 KEY WORDS (Continue on reverse aide if necessary and identily by block number)

erogion damage Great Lakes
flood damage
coastal zone

20/ ABSTRACT (Continue on reverss aide Il necesssry and identity by block number)

““» This report describes the results of a pilot study of damages

in 11 Great Lakes counties for the high water period 1972-19T4. The prisvamf's
purpose of—she*ptiee~preg;aﬂ>vas to develop a reliable and inexpen=- y

sive reconnaissance data collection method, to imitiate coordination be-
tween the Corps of Engineers and responsible state and local agencies,
and to gather the damage data for the 1l counties. The pilot program

helped demonstrate how to streamline same of the data collecticn 4(

| methods and gointed out_ways 10 subq“ng ;g; or g;minate other activities,

DD i “73% EOITION OF 1 NOV 65 1S OBSOLETE

JANTY
S/N 0102-014- 6601 | .
SECURITY CLASSIFICATION OF THIS PAGE (When Der ror
Lo 0Ny v e




LLCURITY CLASSIFICATION OF THIS PAGE(When Date Bntered)

\

Main Report Summary Report of the Pilot Study Program, Creat Lakes
Shoreland Damage Study.

Appendix 1 Great Lakes Shoreline Damage Survey; St. Louis County,
Yook ./~ .. Minnesota

Appendix II Great Lakes Shoreline Damage Survey; Brown, Douglas, and
J : Racine Counties, Wisconsin

/

Appendix III Great Lakes Shoreline Damage Survey; Muskegon, Manistee,
02| o%l Schoolcraft, Chippewa, Alcona, and Huron Counties, Michigan

Appcndix‘lv Contract for a Damage Survey of Oswego County, New York

/ v d S £ 3" /

Appendix V Shoreline Dmamage Survey: An Appraisal with Recommendations
&4 e 4

Appendix VI Engineering -~ Economic Analysis of Shore Protection

ol @ ) Systems: A Renefit/Coat Model

Aopendix VII  Measurement of Coastal Rluff Recessirn from Aerial PbotognphnL
/9031 OF ) Maskegon County, Michigan
Aopendix VIII Comparison of Field Data Collection to Date Collected
| RE/ Using Study Inastruments in Muskegon and Manistee Counties,

Michigan
o

_ACCESSION fw j
mis White Section W}
(113 Buff Sectica [
UNAKNOURCED 0
JESTIFICATION... ... cccominicsimssasoniios
" oo

BISTH e CUNTLABILITY CO0ES
. 678

| |
E ‘ |

T U i
SECUMTY CL ABRFICATION OF THIS PAGE Then Dede Brtered)

ST Qs il




DEPARTMENTYT OF THE ARMY
NORTH CINTRAL CIvISION, CORPS OF ENGINEERS
536 SOUTH CLARK STREET
CHICASO. ILLINOIS 60603

NCDPD-SS 1 September 1976

Mr. Peter L. Wise

Chairman, GLBC Standing Committee -
on Coastal Zone Management

Room 1010

Marina City Office Building

300 North State Street

Chicago, Illinois 60610

Dear Mr. Wise:

This report summarizes the efforts of a partnership of four of the

Great Lakes States--Michigan, Minnesota, New York, and Wisconsin--and

the North Central Division, U.S. Army Corps of FEngineers, in the development
of a pilot study to determine shoreland damages along the Great lLakes.
Eleven counties were selected for initial detailed study and the results

are contained in the appendixes to this report. The concurrence of the
representatives of the involved states is attached to this report. The
techniques developed are being applied to the remaining shoreland counties
with the expectation of completion by 1979.

This effort is in accordance with "A Strategy for Great Lakes Shoreland
Damage Reduction' developed by the Federal Regional Council V--Creat
Lakes Basin Commission Joint Task Force.

A limited number of ccpies of this report and appendixes is being printed.
However, a brochure giving the main points of the pilot summary will be
printed and distributed to the general public, particularly shoreland
residents.

Sincerely yours,
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INTRODUCTION

High water levels in the Great Lakes have in the 19T72-1975
period caused widespread property and shoreland damages. Most of
the flood and erosion damages have occurred during periods of
storm activity. Conditions during storms increased the effects of
the high water levels. Winds push against the surface waters of
a lake, artificially tilting the lake's surface which causes a
further temporary increase in water levels., This condition is
called the "storm water level." In addition, the storm-driven
vinds increase wave height and force; this effect is called "wave
run-up." Together storm water levels and wave run-up cause higher
shoreline water levels. Damages fram flooding and erosion are
increased many times. Flooding damages result fram inundation or
wave force against the affected property. Erosion is the cutting
or eating away of shoreland due to the scouring effects of waves.

The increased severity of damage indicates the need to reeval-
uate the economic feusibility of means to prevent or mitigate the
harmful effects of high water. An accurate measurement of the
amount of damage is necessary to determine and compare the econamic
Justification of various alternative solutions. Some alternatives,
which envision regulacing the levels of the entire Great Lakes
System, could cost billions of dollars.

This report describes the results of a pilot study of damages
in 11 Great Lakes counties for the high water period 1972-19T4. The
purpose of the pilot program was to develop a reliable and inexpen-
sive reconnaissance data collection method, to initiate coordination be-
tween the Corps of Engineers and responsible state and local agencies,
and to gather the damage data for the 11 counties. The pilot program
helped demonstrate how to streamline some of the data collection
methods and pointed out ways to substitute for or eliminate other
activities. The damage estimates of the pilot program apply only
to the 1l counties surveyed. They cannot be extrapolated to the
remaining counties along the Great Lakes shoreline with sufficient
reliability. The diversity of geologic, climatic, and economic
characteristics of the Great Lakes shoreland precludes using data in
one county or for dissimilar reaches of shoreline to represent another
county or another reach of shoreline.

Thus, the Great Lakes Shoreland Damage Survey is being expanded
to cover all 83 counties of the United States portion of the Great

Lakes shoreline.
2 D C

~ e
| Wi & -

0CT 22 1976 |

IGIsvael
D




SECTION

TABLE OF CONTENTS

SUBJECT

I.

II.

III.

IV,

VI.

VII.

VIII.

IX.

——

Authorivy

Background

A. Purpose and Scope

B. Lake Level Fluctuations

C. Study Organization and Participants

D. Relevant Programs

Conduct of the Study
A, Pilot Program Counties
B. Study Program

C. Data Collection Procedures

Statistical Evaluation

Benefit/Cost Model for Shore Protection
Systems

Comparison of Field Data Collection to Data
Collected Using Study Instruments in
Muskegon and Manistee Counties, Michigan

Sampling Procedure (Huron County Study)

Measurement of Coastal Bluff Recession from
Aerial Photographs, Muskegon County, Michigan

Soil Sampling

PAGE

1L

39

21

2k

26

29

32




SECTION

X.

SUBJECT

Evaluation of Shoreland Damages

A. Minnesota - St. Louis County

1.
2.
3.

Physical Description

Nature and Extent of Physical Losses

Flooding and Erosion Damages

B, Wisconsin

1.

2.

3.

Douglas County

a. Physical Description

b. Nature and Extent of
Losses

c. Flooding and Erosion

Brown County

a. Physical Description

b. Nature and Extent of
Losses

c. Flooding and Erosion

Racine County

a. Physical Description

b. Nature and Extent of
Loases

c. Flooding and Erosion

C. Michigan

1.

2.

3.

Chippewa County
a. Physical Description

Physical

Damages

Physical

Damages

Physical

Damages

b. Nature and Extent of Physical

Losses
c. Flooding and Erosion

Schoolcraft County

a. Physical Description

b. Nature and Extent of
Losses

c. Flooding and Erosion

Muskegon County

a. Physical Description

b. Nature and Extent of
Losses

¢. Flooding and Erosion

Manistee County
a. Physical Description

ii

Damages

Physical

Damages

Physical

Damages

PAGE

33

37

L0

L6

50

58

63

67

.




SECTION SUBJECT PAGE
— — ———

b. Nature and Extent of Physical
Losses
c. Flooding and Erosion Damages

5. Alcona County T2
a, Physical Description
b. Nature and Extent of Physical
Losses
c. Flooding and Erosion Damages

6. Huron County 76
a., Physical Description
b. Nature and Extent of Physical
Losses -
c. Flooding and Erosion Demages

D. New York - Oswego County 81
1. Physical Description

2. Nature and Extent of Physical Losses
3. Flooding and Erosion Damages

XI. Summary of Pilot Program Results
A. Total Dameges in 11 Pilot Counties 91
B. Study Methods--Lessons Learned 91
XII. Estimation of Damages for Total U.S, Great
Lakes Shoreland 101
XIII. Conclusions 103
XIV. Recommendations 10k

ii4




Appendix I

Appendix II

Appendix III

Appendix IV

Appendix v

Appendix VI

Appendix VII

Appendix VIII

APPENDICES

Great Lakes Shoreline Damage Survey; St. Louis
County, Minnesota ;

Great Lakes Shoreline Damage Survey; Brown,
Douglas, and Racine Counties, Wisconsin

Great Lakes Shoreline Damage Survey; Muskegon,
Manistee, Schoolcraft, Chippewa, Alcona, and
Huron Counties, Michigan

Contract for a Damage Survey of Oswego County,
New York

Shoreline Damage Survey: An Appraisal with
Recammendations

Engineering - Economic Analyses of Shore Protvec-
tion Systems: A Benefit/Cost Model

Measurement of Coastal Bluff Recession from Aerial
Photographs, Muskegon County, Michigan

Comparison of Field Data Collection to Data
Collected Using Study Instruments in Muskegon and
Manistee Counties, Michigan

iv




SECTION I

AUTHORITY

The Great Lakes Shoreland Damege Study is conducted under the
continuing authority of a 1952 Congressional Resolution granted for
the Water Levels of the Great Lakes Study. This authorization was
a response to the high water period and shoreland damages experienced
in the early 1950's. It was redirected in 1965 to support the
International Joint Commission study which was carried out by the
International Great Lakes Levels Board. The Board's final report on

the study vas entitled Regulation of Great Lakes Water Levels, dated
December, 1973.

The authorizing resolution, adopted 26 June 1952 by the Committee
of Public Works of the House of Representatives is:

"WHEREAS, the Chief of Engineers has completed a pre-
liminary examination pursuant to a resolution adopted
by the Conmittee on Public Works, House of Representa-
tives, U.S., on March 26, 1952, requesting a reviewv of
'the report of the Chief of Engineers dated November 9,
1920, and other pertinent reports relating to the water
levels of the Creat Lakes, with a view to determine the
property damage resulting from changes in levels of the
Great Lakes and the feasibility of measures to prevent
the recurrence of damages. JIn conducting this investi-
gation the Chief of Engineers shall coordinate with the
affected States and other Federal agencies to the maximum
extent practicable’; and

"WHEREAS, the Chief of Engineers, after a favorable
finding of The Board of Engineers for Rivers and Harbors,
has recammended by letter, dated June 24, 1952, directed
to the Chairman of the Cammittee on Public Works, that a
survey be made;

"NOW, THEREFORE, Be it resolved by the Cammittee on
Public Works, House of Representatives, U.S., that the
Board of Engineers for Rivers and Harbors be and hereby
is, authorized to proceed with the preparation of a
survey report thereon."




SECTION II
BACKGROUND

A. Purpose and Scope

Lake level regulation plans vere evaluated in a December, 1973,
report by the International Great Lakes Levels Board to the Inter-
national Joint Conmission. This report found that regulation of
Lakes Michigan-Huron by construction of control works and dredging
of channels at their outlet combined with regulation of Lakes
Superior and Ontario, would not provide benefits commensurate with
costs. Several alternative plans were developed, and a trial plan
vas evaluated in detail. This representative plan would require
regulatory works in the St. Clair and Detroit Rivers at a cost of
about $150 million and Detroit River channel enlargement at a cost
of about $50 million. The annual costs, including additional costs
for Lake Superior, would be $18 million. The estimated upper limit
of benefits from this plan was $3 million, which would yield a
benefit/cost ratio of 0,17 (Plan SMHO-11).

The report also found that regulation of all five lakes,
employing existing control works fcr Lakes Superior and Ontario and
nevly constructed works for Lakes Michigan-Huron and Leke Erie,
would not provide benefits commensurate with costs. Several
alternative plans were developed and a trial plan vas evaluated in
detail. This representative plan would require regulatory works in
the St. Clair, Detroit and Niagara Rivers at a cost of $266 million
and Detroit and Niagara Rivers channel enlargements at a cost of
$105 million. The annual costs, including additional costs for
Lake Superior, would be $28 million. The estimated upper limit of
benefits from this plan wvas $15 million, which would yield a benefit/
cost ratio of 0,54 (if benefits of "trial plan" SMHEO-38 are
projected in scme way as benefits of other plans which were brought
to "refined" status).

The report concluded that regulation of Lakes Michigan-Huron
by the construction of works in the St, Clair and Detroit Rivers
does not warrant any further consideration. To regulate the out-
flow of Lakes Michigan-Huron and at the same time maintain close
to the natural profile of the 89-mile St. Clair-Detroit River
system would require at least nine control structures. The cost
of constructing this many works far exceeds any benefits to be
expected from regulating Lakes Michigan-Huron outflows.

The 1973 International Great Lakes Levels Board report also
evaluated a proposed Regulation Plan S0-901, which involves modi-
fication of the St. Marys River control works for more effective
winter operation. Under this plan the same minimum outflow specified

G




by the approved regulation plan (1955 Modified Rule of 1949) would

be maintained. Minimum levels on Lake Superior and mean levels on

all lakes would be raised slightly. High levels on Lake Erie would
occur less frequently. Extreme levels would tend to be moderated

on Lakes Superior, Michigan, and Huron. Annual benefits of Plan S0-901
were estimated to be $927,000 to commercial navigation, $640,000 to
power production, and erosion reduction benefits totalling $720,000

on the U.S. shore. Annual erosion losses on Lake Superior, however,
would be increased by $109,000. Overall the plan provided an estimated
$2.37 million benefits for an annual cost of $70,000. By letter dated
29 June 1973, the 1JC directed the International Lake Superior Board

of Control, starting 1 July 1973, to continue providing emergency relief
to the downstream lakes by using Plan S0-901 as a guide in regulating
Lake Superior. This was to be done for as long as the levels on the
downstream lakes remained critically high. Since that time, the IJC

and its International Lake Superior Board of Control have continued

the emergency action in regulating Lake Superior, while not exceeding
the Lake Superior monthly mean level of 602.0 feet, the upper regulation
limit.

There is concern among shoreland property owners and the states
which border the Great Lakes that the estimates of Great Lakes shore-
land damages used in the Internetional Joint Commission study based
on 1951~1952 data do not adequately reflect the increased shoreland

development which has occurred since 1952. The costs of potential
remedial measures could not then be evaluated against the true
measure of their benefits. The people of the Great Lakes States,
through their representatives on the Federal Regional Council/Great
Lakes Basin Commission Joint Task Force on Reduction of Shoreland
Damages, requested the Corps of Engineers to conduct a study to
determine the extent of increased damages due to high lake levels.
The objectives of the Great Lakes Shoreland Damage Study are to:

+ Develop flood and erosion demage estimates using a study
method acceptable to the States.

+ Provide a base of information to evaluate the econamic
Justification of damage reduction optioms.

* Institute a working relationship between the States and
Federal agencies to aid the eventual implementation of damage
reduction measures.

Upon completion of the total study a comparison can be made
of benefits and costs of various lake level regulation plans
presented in the International Great Lakes Levels Board report. A
pilot program involving the collection of shoreland damages due to
erosion and flooding in 11 selected counties around the Great Lakes
vas developed. The objectives of the pilot program were to:

* Fulfill the above three objectives of the study for the 1l
selected counties.

* Determine the extent to which data collected in the pilot
program counties could be projected to other Great Lakes counties.
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* Refine damage assessment procedures for later application
if necessary to the remainder of the U.S. Great Lakes shoreline,

+ Establish coordination with other Federal and State agencies.

B. Lake Level Fluctuations

The water levels of the Great Lakes are constantly changing.
There are four categories of fluctuations of water levels: (1)
short period fluctuations caused by meteorological events which can
last from a few hours to several days; (2) seasonal fluctuations
which reflect the annual hydrologic cycle from the summer high
level to the winter low level; (3) long-range fluctuations
requiring several years time; and (4) fluctuations resulting from
artificial regulation of levels by existing control works at the
outYets of Lakes Superior and Ontario.

The long-range fluctuations are the results of persistent high

or low precipitation occurring over a period of several years. In
other vords, if we have a period of years for vhich precipitation
falling on the basin is heavier than normal, the basin becomes
"gsaturated." Then, after that, even normal precipitation amounts
can cause greater than normal runoff to the lakes.

The Great Lakes basin precipitation has averaged five percent

to seven percent above normal over the last 11 years. The following
tabulation shows a lake by lake breakdown of the average annual
precipitation values for the 1965-1975 period.

Average Annual Precipitation for the 1965-1975 Period

Percent Deviation

Lake 1l-Year Average Normal fram Normal
Superior 33.36 29.63 +13%
Michigan 33.34 31.30 +7%
Huron 33.2k 31.31 +6%
Erie 35.50 33.84 +5%
Ontario 35.97 34,33 +5%

The result has been that record or near record high levels

occurred on the lakes in 1972, 1973 and 19Tk,

Because of the size of the Great Lakes and the limited aatural

discharge capacities of the outflow rivers, extreme high or low
levels and flows persist for considerable time after the factors
vhich caused them have changed or ceased, Therefore, the present
high levels on the upper lakes can be expected to continue for some
time, even if precipivation should be less than normal.

There is much evidence to support a correlation between yearly

average lake levels and bluff-recession rates. However, higher
vater levels in the summer than in the vinter does not mean that
bluff-recession rates are greater in summer than in vinter. The
veight of the evidence is to the contrary--greater bluff erosion
during the stormy winter season than during the summer,

4
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The distinction between seasonal and annual lake levels is
mportant because shoreland dsmages are used to formulate and
justify lake regulation plans. A regulation plan which lowers
summertime peak levels at the expense of raising fall and winter
levels would do more harm than good to erosion areas.

There is a further need to qualify the degree of potential
damage and bluff-recession rates due to the incidence cf storms
during all seasons and there are no present facts as to the long-
term effects of seasonal fluctuations and storm incidence and
the cumulative effects of various stages on erosion and recession.
However, such investigations are outside the scope of the study
authorization given by Congress, which is reproduced on page 1.

C. Study Organization and Participants

In August, 1973, member agencies of the Federal Regional Council
(FRC), the Corps of Engineers, Great Lakes Basin Cammission (GLBC),
and the Great Lakes States, acting together, prepared a program
entitled "A Strategy for Great Lakes Shoreland Damage Reduction."

The strategy identified basic planning ground rules and specified

the information and data needed to assess plans for possible imple-
mentation, It categorized necessary actions as Planning, Engineering,
and Land Control activities. Planning activities were divided into
lnitial Planning, Early Action, and Sustained Action. A comprehen-
sive Shoreland Damage Study was recommended as part of the "early
action" group of the Planning Activities.

The Corps of Engineers developed a plan to carry out a pilot
study for this program, The keystone of the approach to this study
was that it was to be a cooperative effort betveen the Corps of
Engineers and the involved states. To assure thet the damage esti-
mates to be developed would be acceptable to all parties, the states
would be fully involved in the study process. It was decided that
the states' approval would be obtained for any study methodology to
be used. If possible, the administration of the studies would be
contracted by the Corps to state agencies or other public organiza-
tions designated by the states.

The participants of the pilot study program are as follows:
(1) in Minnesota, the Minnesota Department of Natural Resources
subcontracted to the Arrovhead Regional Development Commission, which
actually collected the data; (2) the Wisconsin Department of Natural
Resources subcontracted to the University of Wisconsin at Milwaukee,
Department of Geological Sciences; (3) in Michigan, the study was
conducted through the Coastal Zone Management Laboratory of the
University of Michigan; and (L) in New York the study wvas performed
by the St, Lawrence-Eastern Ontario Commission. In addition, survey
forms and statistical research vere developed by the Institute for
Social Research and the Department of Statistics at the University
of Michigan.




It should be noted that the pilot study program has
yielded valuable data on damage estimates but the pilot study
program limitations in regard to available funds, technical
inputs and lack of an adequate state-~federal working team to
actually implement the program has reduced the effectiveness
of the data in providing substantially reliable damage estimates
especially in relation to beach and bluff losses. (This is
especially true since much of the data are based on a self-
administered damage assessment which had obvious shortcoming. See
Section III Conduct of Study.) The problems in obtaining reliable
data based on high water marks due to funding and time constraints
resulted in use of estimated 100 year flood elevations in identifying
the lake floocd plain. Consequently, there was no technical evaluation
of the effects of wave height and run-up acting against a given
shoreland profile., The results will not accurately portray the
effects from these forces except as perceived by property owners
through the self-survey process,

D. Other Programs Relevant to Shoreland Protection

The Corps of Engineers has a number of on-going programs and
studies which relagmp ®® shoreland protection on a site-specific basis.
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1. Flood Plain Management Services (FPMS)

This program authorized by Section 206 of the 1960 Flood Control
Act (PL 86-645), provides technical information to local units of
government for their use in promoting wise use of flood plain areas
consistent with the risk of flood and erosion damages. Flood plain
Information Reports are prepared to define and document the flood
hazard areas. Special Flood Hazard Information Studies also are con-
ducted to provide similar technical assistance to local units of
government, but are furnished without extensive technical supporting
material.

2. Section 111

As part of the Rivers and Harbors Act of 1968 (PL 90-483),
Section 111 provides authority to investigate, study, and construct
projects to prevent or mitigate shore damage attributable to the

effects on current or lake processes of Federal navigation works.

3. Erosion Control Demonstration Act

Section Sk of Public Law 93-251, the "Shoreline Erosion Control
Demonstration Act of 19TL"™ directed the Secretary of the Army, acting
through the Chief of Engineers, to "establish and conduct for a
period of five fiscal years e national shoreline erosion control
development and demonstration program.” Subsection 54(d)(1) of this
Act directed the Chief of Engineers to appoint a Shoreline Erosion
Advisory Panel (SEAP) to "advise the Chief of Engineers generally
in carrying out provisions of this section." This Panel has been
appointed and is now functioning. The Chief of Engineers requested
the Panel develop a plan for searching out potential shore locations
vhich might be suitable as "development and demonstration sites" as
provided for in the Act. From a list of potential sites, the Panel
will recaomend the sites it deems most suitable for use as development
and demonstration sites,

4, Urban Study Program

This program relates to urban areas specifically authorized in
a Water Resources Development Act or by specific resolution of Congres-
sional Public Works and Transportation Committees. It is defined in
Vol. 40 Federal Register, p. 51146. The objective of the Urban Study
Program is to use the Corps of Engineers' planning capabilities to
help metropolitan areas solve urban water and related problems. Plans
for shoreland protection measures may be developed under an urban study
program. At the present time there are no urban studies in the
Great Lakes Region under which shoreland protection is being studied.




5. Sectiom 10 Permits

Under Section 10 of the River and Harbor Act of 1899 (30 Stat.
1151, 33 U.S.C. 403), permits for construction activity in navigable
waters, including dredging and filling, must be issued by the
Corps of Engineers before such work can begin.

6. Operation Foresight

Under Public Law 84-99, the Corps of Bngineers is authorized
to provide assistance in the form of emergemncy flood preparation and
flood fighting and rescue operations. On the Great Lakes, starting
in 1973 and completed in 1974, a total of 53 emergency flood protec-
tion contracts were awarded, and technical eassistance and materials
vere provided at 86 locations vhere the work vas accamplished by
local interests. The total cost of this program was $25.8 million.
This program also produced the brochure "Help Yourself" which described
means by which shoreland property owners could protect their shoreline
from erosion.




SECTION III

CONDUCT OF THE STUDY

A. Pilot Program Counties

The eleven counties studied in the pilot program were selected
because the set of counties had characteristics thought to be repre-
sentative of the remaining areas of the Great Lakes shoreline of
those states able to participate in the study. Originally 15 counties
vere selected for the pilot study. The number was reduced wvhen the
funds vere exhausted. This led to the amission of coverage on Lake
Erie and the reduced coverage of Lake Ontario. The damage surveys
vere conducted on a statewide basis, since the contracted organizations
vere agencies of the state governments involved. The intense local
interest in the study also suggested that the damages should be
collected and organized along state political boundaries rather than
by watershed. The counties and agencies responsible for data
collection are as follows (see map on following page):

State County Lake Agency
Minnesota St. Louis Superior State of Minnesota Department
of Natural Resources
Wisconsin Douglas Superior State of Wisconsin Department
of Natural Resources
Brown Michigan
Racine Michigan
Michigan Chippeva Superior Coastal Zone Laboratory of

University of Michigan
Schoolcraft Michigan

Muskegon Michigan
Manistee Michigan
Alcona Huron
Huron Huron
Nev York Oswego Ontario S8t. Lavrence-Eastern Ontario
Commission
8
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B. Study Program

1. The study program design was composed of the following
activities:

Activity 1. PREPARE AND IMPLEMENT SURVEY CONTRACTS

Contracts for the conduct of the damage surveys were entered into
with the States where the Pilot Study counties were located. The con-
tracts were awarded by the Chicago District, Corps of Engineers, and
vere administered by the North Central Division. The contracts vere
avarded in late Fall and early Winter 1974, The states were respon-
sible for conducting the surveys., State letterheads were used for
the mail out of data collection instruments.

Activity 2. PREPARE BASE MAPS

Photamosaic base maps of the 11 Pilot Study counties were pre-
pared by the North Central Division for use by the state contractors
in compiling the data collected.

Activity 3. DETERMINE SHORELAND OWNERSHIP, VALUE, AND USE

The state contractors collected from the County Tax Assessor's
Office and other sources information on the ownership and assessed
value of all riparian shoreline property. This information was
tabulated and coded for camputer processing and preparation of
mailing labels. Ownership was classified as Federal, State, Local,
Public, and Private. Shoreland use classifications were residential,
commercial and industrial, transportation facilities, public and
private utilities, recreation and open space lands, agricultural and
forest lands, and others.

Activity 4, ADMINISTER SHORELAND DAMAGE ASSESSMENT

Residential Properties

A self-administered damage assessment statement was used by the
state contractors to obtain damage information from holders of riparian
property located along the Great Lakes shoreline. Riparian properties
are those vhich border along water surfaces or which are affected by
fluctuations in water levels. Information requested on the assessment
included:

a, location,

b. estimates of changes in market values,

¢c. demage estimates for the 1972-1974 study period,
d. protective actions,

e. risk from flooding,

f. risk from erosion,

g« 1insurance coverage,

h. ecorrect mailing address.
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The self-administered damage assessment involved a mailing
of the forms to all identified lake riparian owners. Much of the data
reported reflects the perceptions of property owners. Precise mea-
surements were generally not available. This is particularly true
about the estimates of beach and bluff losses. Beach losses in many
cases are not permanent. Much of the loss may reflect temporary loss
due to inundation. Volumetric bluff losses are typically not precise.
Values for Oswego County, resulting from a professional field survey
over a 15~year period of time, may be considered to be developed
under a controlled and instrumented method. However, the data for
Oswego is at best an estimate.

Follow-up personal interviews were administered so as to obtain
representative samples from (a) non-respondents to the mail-out
assessment, and (b) respondents to the mail-out assessment. Respondents
were interviewed to check for statistical bias in the responses to the
self-administered assessment. Damage values for interview data were
slightly lower than stated in corresponding self-administered damage
assessments. It was later discovered that the data thus collected
was inconclusive from the standpoint of statistical tests of signifi-
cance. Therefore, the aggregated values reported by respondents were
not adjusted on the basis of follow-up interviews. In individual
cases where respondents had made mistakes of an obvious nature, such
as putting the decimal mark in the wrong place, corrections were made.

All values for the pilot counties should be regarded as estimates
of magnitudes. The suggestive nature of the data should be stressed.
Values reported may be sensitive to the density distribution of responses
as well as the measurement error present in each response from a property
owner.

Nonresidential Propertvies
nformation was acquired from nonresidential riparian property

owners through different assessment statements than those used for

residential properties. Nonresidential property interests referred
to here consist of:

a. Agricultural

b. Industrial and Commercial
c. Transporation

d. Utilities

e. Other

A contact letter was sent to each riparian nonresidential prop-
erty listing. The letter indicated the purpose and need to acquire
information concerning the potential risk and/or experienced damage
resulting from erosion and flooding of the shoreland property in
question. An accompanying request was made for establishing an

appointment for a personal interview at which time an assessment was
filled out.

Information collected in the self-administered and personal

interviev assessments was tabulated and reported in the following
fashion:
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a. Damage estimates: dollar weighted

b. Protective action: frequency tabulations

c. Risks from flooding: frequency tabulations

d. Risks from erosion: frequency tabulations

e. Estimated changes in market values: dollar weighted
f. Bluff recession: 1linear and volumetric measures.

Activity S. COMPILE EFFECTIVENESS DATA ON SHORE STRUCTURES

The state contractors with Corps assistance campiled a list of
existing erosion and flood protection structures and provided general
evaluations of their effectiveness. An evaluation of protective
structure effectiveness was obtained from the property owner in the
self-administered residential assessment and during all residential
and non-residential personal interviews. Using professional Jjudg-
ment, an independent check was made in the field of the effectiveness
of shore protection structures by the state contractors. The
preliminary results of this work were evaluated by the Coastal
Engineering and Hydraulic Design Branch, North Central Division, Corps
of Engineers. The results suggest that the information acquired
under this activity is of limited value to the damage study, per se.

Activity 6. DELINEATE FLOOD PLAINS

The determination of flood damage required delineation of the
in-shore areas prone to such damage. The character and extent of
shoreland flood plains were initially to be defined by the establish-
ment of high water marks and use of maps to outline the limits of
the flooded areas from these elevations. This procedure proved to
be unworkable as the high water marks vanished due to the time-lapse
between storm events and awarding of contracts. An alternative
method was used whereby the state contractors used the definition
of the 100-year flood elevation for each reach of shoreline in
identifying the lake flood plain. Determinations of the 100-year
flood elevations were made by the Detroit District, Corps of Engineers.
The 100-year flood represents the flood level that on the average will
have a one percent chance of being equalled or exceeded in any given
year. They were derived fram a frequency analysis of the maximum
instantaneous level recorded each year for the water level gage for
that reach of shoreline. There are 33 gages on the United States
shore vhich were used for the determinations. These calculations
did not include wave height and run-up acting against a given
shoreline profile. The 100-year flood elevations were transferred
to U.S. Geological Survey topographical maps for defining the limits
of the lake flooding. These boundaries were then transferred by the
contractors to the Government-furnished aerial map mosaics (except
for the Michigan Counties).

Some problems still existed with the definition of the lake flood
plain of certain reaches on the aerial map mosaics. The mosaics were
campiled from aerial photos covering only a limited width of shoreline
area. Where the lake flood plain extended more than 500 feet inland,
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the flood plain outline was generally not traceable onto the map
mosaic. This required relying on alternative mapping references
for displaying the lake flood plain boundaries.

Once the lake flood plain was defined, the residential proper-
ties subjected to the risk of lake flooding were to be identified.
It was anticipated that where the lake flood extended inland more
than several hundred feet, non-riparian properties would be included
within the data collection sampling frame. Development of such a
non-riparian sampling frame was not necessary during the pilot study.
The only significant area flooding threat in the 1l counties occurred
in Brown County, Wisconsin, where an alternative study method was
implemented (i.e., reliance on a previous USGS study). A sampling
procedure for collecting information was to be followed in contacting
the nonresidential property owners situated within the lake flood

plain.

Activivy 7. ESTABLISH PHYSICAL PROCESSES MONITORING STATIONS

Four typical cross sections of the shore form were made by the
state contractor in each Pilot County. Mechanical analyses of the
bluff face material were made to define the percentages of gravel,
sand, silt, and clay material. The analyses were made by the United
States Environmental Protection Agency under a cooperative agreement
worked out prior to the conduct of field survey work in Spring 1975.
The cross sections were marked for subsequent long-term monitoring.
Where long-term historic data vere available such data were included
in the report for each county.

Activity 8, COLLECT SUPPLEMENTARY INFORMATION

Photographs of flooding conditions, typical emergency struc-
tures, damage to structures, crivical flood plain areas, and other
features showing the damaging forces of waves were collected by the

state contractors. Copies of pertinent newspaper articles were
obtained for further documentation of damaging storms.

Readily obtainable information on the effects of high lake
levels on the shoreland environment was collected and recorded by
state contractors. Sources of information included state and
federal conservation agencies and local managers of marinas and
public and private beaches. Information from these sources was
obtained through interviews and on-site observations.

Available information on wildlife-supporting marsh areas was
obtained from state agencies. The effects of high lake levels on
marsh and svamp lands were then to be evaluated in the report.

High lake levels were believed to restrict use and enjoyment of
beaches and recreational boatving facilities (although lessening costs
of dredging in some cases). Losses in such recreational opportuni-
ties vere to be documented. This required an inventory of beach and
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boating facilities and a comparison of attendance figures in the
high water period as compared to periods of lower lake levels.

Activity 9. PROCESS AND COMPILE SURVEY RESULTS

Responses contained in the campleted assessments were to be
available for processing and reporting in alternative ways. As
many as 83 variables were defined on the ten-page self-administered
residential assessment. This volume of date necessitated auto—
mated data processing by the state contractors. Data and records
for each county were kept separate for subsequent processing,
analysis, and preparation of individual county reports. It was
required that assessments be further coded for shoreline reach
coordinates within each county. This was to allow reporting of
results on a more discriminate geographical basis.

Early reports by the State of Michigan contractor of the
experiences in analyzing responses provided by residential property
owners indicated that unusual statistical characteristics were
present in some of the Pilot Survey counties. Many of the vari-
ables tested for their probability density functions were found to
be "log normally" distributed. This characteristic invalidated the
procedures for developing estimates of total values., Procedures
defined in the state contracts for developing estimates of total
values were contingent upon the variables having "normal" proba-
bility distributions. Given the "log normality" conditions, the
application of the established procedures would have resulted in a
positive bias to estimates of total values. A method to compensate
for this problem was developed by the North Central Division, Corps
of Engineers. The projection of residential shoreline totals for
this summary report was computed by the following formula:

Total value reported  Total projected
Percent of properties -~ value for county
contacted

Activity 10. CORPS (NCD) REVIEW OF CONTRACTORS' REPORTS

The Corps of Engineers reviewed draft and revised draft copies
of the contractors' reports. The draft reports were checked for
consistency and for adherence to the contract requirements. In
some cases, the projection of actual reported values to represent
the entire county shoreline had to be campleted.

2. The damage data produced by these activities will be a lump
sum estimate by county for the study period (two years). In the
future the data will be converted to estimates of average annual
damages by the Water Control Center, Engineering Division, North
Central Division, Corps of Engineers. This lump sum total will be
apportioned among the 24 most severe storm events of the period
by month, The seasonal vater level plus the storm water level for
each of these events cambine to produce the "ultimate water level"
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for that month, The apportioned dameges corresponding to each
monthly ultimate water level provide the basis to campute updated
estimates of average annual damages and an updated stage-damage
curve,

C. Data Collection Procedures

This section describes the data collection procedures used
specifically in the St. Louis County, Minnesota, study. It is,
however, typical of the study efforts in the other pilot counties
(except for Huron County, Michigan).

(1) A sampling frame was developed in the beginning of the study
in St. Louis County. The sampling frame was based upon county
property ownership records. A total of 378 individual parcels were
identified, of which 345 were classified as residential and the
remaining 533 as non-residential. The residential parcel owners
each received damage assessments by mail following a systematic set
of procedures utilizing reminder post cards and certified second
mailings to initial non-respondents. A total of 231 usable assess-
ments vere returned, a response of 67 percent,

(2) The mail responses vere sorted into two sub=groups or
sub-populations in order to assist in the elimination of bias and
to control for measurement error., With a mail-out type assessment,
it is assumed that a certain percentage of the people will not
respond. In order to make inferences for this non-responding group,
the bias of respondents vs. non-respondents must be taken into
account and eliminated, if possible. Elimination of bias in this
instance was afforded through the interviewing of non-respondents
to the assessment. The interview data could then be compared with
respondent data, and inferences made based on statistical testing
procedures. The personal interviewing was designed to assist in the
control for any measurement errors that were later found to prevail.
The two sub-populations were 1) respondents wvhose assessments vere
camplete and usable or partially usable, and 2) non-respondents and
respondents wvhose assessments vere incomplete and not usable.

(3) After completion of the mail-out and sorting, the respon-
dents and non~-respondents were identified and a random sample of 50
parcels vere selected for follow-up personal interviev., The random
sample generated parcels from both sub-sets, respondents and non-
respondents. Personal interviews with owners of these parcels vere
then attempted in order to provide data from which to make inferences
about the damage conditions experienced by the group of non-
respondents. Statistical tests were also undertaken to determine
if there were significant differences between the respondents' mailed
back assessments and their personal interviews. It was subsequently
determined that the procedures prescribed for selecting follow-up
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personal interviews resulted in inadequate sampling of non-
respondents. This, in part, resulted fram the high response rate
achieved in the mail-out of self-administered assessments,

(4) All non-residential parcel owners were contacted for
personal interview appointments of which 27 interviews were com-
pleted, or a 65 percent response rate. Most non-residential parce
owners hold title to multiple parcels of land; as a result, a
smaller number of non-residential interviews were required than
suggested by the number of parcels identified. It should be
emphasized that the occupants of non-residential parcels did nou
receive a mail-out assessment and were only subject to interviewing.
Projections were not made for those non-residential owners refusing
to participate in the interview. Structured interviewing was
emphasized throughout the interviewing phase to ensure consistency
between responses and to control bias associated with the use of
interview personnel. The interview instruments were furnished by
U.S. Armmy Corps of Engineers and consisted of both flooding and
erosion damage forms for the following land use classifications:
residential, cammercial/industrial, utility, transportavion, and
agriculture. Students having a geology background were employed from
the University of Minnesota, Duluth to conduct the personal inter-
views and field reconnaissance.

(5) The processing of information supplied by the various
instruments was computerized for the residential properties and hand
tabulated for non-residential properties because of their relatively
small number.

The Statistical Package for the Social Sciences (SPSS) 1/ com-
puter programming language was used for data processing. The system
vas adopted for the summary and analysis of the data. More impor-
tantly, comparison of cross-tabulations of variables fram different
records and alterations to record controls were accomplished quickly
with the use of a minimum number of data entry or control cards.
(The University of Michigan, Coastal Zone Laboratory used tie MIDAS
statistical package for the automated data processing of respondents'
information for the other 10 counties).

(6) Data analysis was begun by comparing damage and descriptive
values reported by the three county subpopulations. This provided
information needed for projecting estimates for the entire residen-
tial shoreline population., The three sub-populations identified
for parameter testing were: (1) respondents to the self-administered
mail-out assessment, (2) respondents to the follow-up personal inter-
view of respondents to the assessment, and (3) respondents to the

1/ Statistical Package for the Social Sciences, Norman H. Nie, Dale
H. Bent, and C. Hadlan Hull, Copyright 1970, by McGraw Hill, Inc.




follow-up personal interview of non-respondents to the mail-out
assessment. A total of 50 interviews were randomly selected from
the groups of respondents and non-respondents, Of this total, 20
vere campleted with 28 of 38 returned by the second sub-population
class and 2 of 12 from the third sub-population. The small number
of responses obtained fram the third sub-population prevented
making meaningful statistical comparisons between non-respondents
and respondents for this county. During attempts to interview
non-respondents in St. Louis County, it was generally found that
property owners were unwilling to cooperate. In other instances
parcel owners vere out of town or absentee landlords who indicated
they were not capable of addressing specific questions regarding
damage conditions.

(7) Statistical Analysis

(a) Same accuracy in statistical projections can be lost if
samples are drawn fram non-normal sub-populations. Non-normality,
hovever, does not result in a sample mean being a biased estimator
of the population mean. "It can be shown for example, that the
average value of the sample mean taken over all possible samples
of the same size is equal to the population mean regardless of the
form of the population.” }_/ Nevertheless, the common properties of
non-normality, skewness and kurtosis 2/ increase the variance of
the estimator of the sample variance, and therefore reduce the
accuracy of results,

(b) The sample populations of the critical variables analyzed
in this report were investigated to ascertain the degree of non-
normality present. To accomplish this objective, the following
steps vere undertaken:

l. Histograms vere drawn for the critical variables.

2. GEkewness and kurtcsis estimates vere obtained from the
statistical program employed in analyzing the dszta.

3. The significance level of these coefficients vas assessed.

L, A log transformation was undertaken for each of the
variables analyzed.

y Elements of Statistical Inference, David B, Huntsburger, Allyn &
Bacon, Boston, Mass., 1967, p. 1kl,

2/ Statistical Methods, George W. Snedecor and Williem C. Cochran,
The Iovwa State University Press, Ames, Iowa, 1967, p. 89.
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5. The skewness and kurtosis estimates were analyzed as
statistical significance.

Histograms were chosen for representation of variables beca
they typify the types of sample population that were encounterec
It was observed that the histograms indicated that the populatic
may conform more closely to a log normal distribution than tc
normal distribution.

(c) Values for skewness and kurtosis were obtained for six
variables in two areas of the county shoreline (see Table 1). It
was found that all the variables had a significent level of skewne
and all but one were significant at the one percent or better si.
ficance level and the remaining cne was significant at the five
percent level. The kurtosis coefficient was somewhat less cons
Nine of the twelve kurtosis readings showed significance at the
percent level, two at the five percent level, and one reading s
no significant kurtosis.,

(d) Log transformation of the data did reduce some of the
distortion present. After the transformation, only three of the
twelve readings had a significant level of skewness. The kurtos!
factor, however, worsened. After transformation, sll of the 12
readings had significant levels of kurtosis at the one percent
significance level. The Minnesota contractor concluded that a log
transformation does not eliminate the distortion problems inherent
in the sampling distributions. Whether or not the projections
could be improved through this type of transformation, is not
obvious from the results that were obtained. Further statistical
analysis is necessary to make this determination.

(e) The data from which the projections were made is available
if it is decided that additional statistical refinements are warra, «
at a later date.

The value of such refinements is dependent on the overall
accuracy of the testing process that was undertaken. The total err
of this process is comprised of a sampling carponent and a
statistical component. If it is determined that the statistica)l
component is large in relation to the sempling component, then
analysis through more advanced statistical techniques may be warrante:
or a larger sample obtained. It should be noted that other para-
metric and non-parametric tests were undertaken to compare the means
and medians of data subsets of the variables tested.
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STATISTICAL PROPERTIES OF SELECTED VARIABLES

TABLE 1

REGULAR DATA 1OG TRANSFORMED DATA
Sample
Variables Size Skewness Kurtosis Skewness Kurtosis
Ares One
Erosion Damage 25 1 hklee 1 oBTee_ .088 =1,058%%_
Flood Damage 33 1,9k2%e  3.19] .008 - J991%%.
Protective Action
Materials 26 «594 - 972 - .T09 .602%%_
Labor 32 2.635%%  T,809%%+ .03 - ,621%0.
Bluff Volume Lost 19 1.825%« 2 198%. .180 - 501%%_
Reach Area Lost 13 2.351%*% L OTT*+ 1.Lkogwe 82500
Area Two
Erosion Damage 50 2.728%% 7 895%ae .082 - J6LTee_
Flood Damage 28 «921% - ,639%. | - 4T - JBlusee_
Protective Action
Materials 22 2.6L3%% 7, 065%%¢ | - ,017 - 55048,
Labor 20 1.357#%  1.538%e. | . ,285 =1,278%%.
Bluff Volume Lost 70 6.605%% L5,85Twee 1.125%% 1.719%e.
Beach Area Lost 80 6.614n% LT, 611944 1,029% 1.281%0.

® 5% Significance
#® 1% Significance

0 - Skewness Normal

3 = Kurtosis Normal
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SECTION IV

STATISTICAL EVALUATION

An appraisal of the data collection techniques and statistical
procedures was made by Dr. E. D. Rothman of the Department of
Statistics, University of Michigan. Dr. Rothman analyzed data
collected in the Michigan counties. This appraisal has been printed
as Appeudix V of this report. Among Dr. Rothman's conclusions were:

(1) Use of the Lognormal Approximation
a. The sample mean and variance of a variable which is
approximately lognormal provide misleading information regarding
shape and skewness of the variable's distribution. However, the mean
and variance of the log of the variable describe the variable's
distribution completely.

b. Since the log of a variable which is approximately
lognormal is approximately normal, the log of a lognormal type
variable may be appropriately used in all statistical procedures
based on the assumption of normality. Such procedures used during
the course of this analysis include: regression analysis, paired
and two-sample t-tests, and analysis of variance.

¢. Loguormal models can be used to construct tolerance
intervals and estimate population proportions within specified
ranges.

d. Lognormal fits within individual reaches for the ten
lognormal type variables vere good when reaches were large enough.
For small reaches he suggested that a census be taken so that
fitting a distribution is not necessary.

(2) Outliers

All outliers (extreme values listed by respondents) should be
carefully checked for coding errors, keypunching or typing errors,
and response errors. A call or visit to respondent may be necessary
to check the validity of a response if an outlier is found not to
be the result of a clerical error.

(3) Mailed Assessment vs. Personal Interview
a. No statistically significant differences between
responses to mailed assessments and personal interviews for survey
information obtained in Muskegon County, Michigan, vere found for
variables tested.

b. When measures of central tendency for mailed assessment
and interviewv data were compared, respondents were found generally
to give somewhat higher (although not statistically significant)
ansvers on the mailed assessment than during the interview for all
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four dsmege and loss variables: total dsmage, total cost, bluff
loss, and beach loss.

c. The presence of an interviever seems to have a conser-
vative effect on answers to many questions. (However, other state
contractors felt that the influence of a personal interviever had
varying effects on values reported). -

(4) Respondents vs. Non-respondents
a. No statistically significant differences between
ansvers given by respondents and non-respondents in the personal
{nterview setting could be found for the varisbles tested. (There
vere significant differences, but they vere inconsistent over a
range of parmmeters).

b. When measures of central tendency for respondents and
non-respondents were campared, ‘respondents were found generally to
give larger answers for property vorth, property depth, beach depth,
and total cost than did non-respondents. Non-respondents tended to
report greater beach and bluff losses. Thus, these results indi-
cate that non-respondents tend to have smaller, less valuable
properties than respondents, but to have suffered greater beach and
bluff losses from the high lake levels.
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SECTION V

BENEFIT/COST MODEL FOR SHORE PROTECTION SYSTEMS

This study was conducted by the Coastal Zone Laboratory of the
University of Michigan. It is included as Appendix VI of this
report and is synopized below,

The decision to invest in a shore protection structure is
influenced by a number of variables, which are interrelated and make
any intuitive approach to decision-making difficult. To enable
shoreline property owners to examine the many and various factors
involved in making investments in shoreline protective structures,
the study employs benefit/cost analysis. This econamic tool evaluates
the net benefits property owners derive from shoreline structures.

The estimated net benefits to be derived fram & protective structure
are influenced by many factors such as property values; the effective-
ness of protective structures; lake level fluctuations; etc. The
final model ties together these complex factors in a computer pro-
gram that determines the economic worth of the various protective
measures avallable,

To illustrate the value of the model for decision making
regarding shoreline protective measures, an example is provided.
A property in West Olive, Michigan, undergoing severe bluff erosion
(13 feet per year) was selected. The house on this property is
75 feet from the edge of the bluff, and there is a potential danger
of damage in the future. A shoreline protective structure will
prevent further bluff recession to same extent, and thus decrease
the danger of damage to this hame. The protection of the house
fram damage, and the prevention of property value decline due to
bluff recession are conceived as the benefits accruing to a shore-
line protective structure. The manner in vhich property values
decline as the bluff recedes is analyzed.

Future benefits and costs resulting from protective measures
are brought to present worth by calculating the opportunity cost of
waiting for net benefits to accrue to the property owners. Thus,
at the time the structure is built no benefits have accrued, but the
initial costs of building the structure have been incurred. In this
example, a wooden groin is constructed which has an initial cost of
$60 per front foot of shoreline property. This translates into a
present value of -$60 per front foot in year O, After the groin has
been in existence for one year the net benefit has increased to
-$32,92 per front foot because the groin has reduced bluff erosion
and the associated property value decline. By the end of the second
year the net benefits are positive ($22.75 per front foot) as a
result of further reduction of bluff loss. After ten years the
wooden groin would yield the shoreline property owner a present value
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of $29.78 per front foot. The present value of the structure after
ten years is used for comparison purpcses with other structures,
because same short-term structures may have a high initial effective-
pness, but provide no long-term benefits. In this example the
present value of a timber seawall after ten years is $98.L1 per front
foot, even though the structure fails after six years. A steel
seavall yields $47.52 per front foot after ten years. A sandbag
groin had a present value of-$49.42 per front foot, and stone
revetment -$4.12 per froant foot.

This model shows that some protective measures are not 100
percent effective over ten years by reducing the benefits as those
structures become less effective. If a protective structure is not
100 percent effective, bluff recession will continue, if only to a
minor extent, and therefore there will be some loss in property
value. By the same token, we may expect lake levels to decline at
some time within the next ten years, and therefore bluff recession
will be reduced. The model accounts for any decline in bluff reces-
sion rates to the extent that we can predict lake level fluctuations.

The benefit/cost model also estimates the net benefits of moving
a hame back from the bluff, an alternative to building a shoreline
protective structure. A prerequisite to home moving is that the lot
be deep enough to move the home an adequate distance to ensure that
there vill be no danger of damage within the near future. The cost
of moving the house in this example would be $60 per frout foot, but
the present value of such a move is $104.54 per front foot. The
home moving option had the highest present value of any of the
alternatives studied, and therefore the property owner, making a
rational economic decision, would want to move his home. The
owner's opinion of the value of that property is probably much
higher than the market value. Such subjective values are very
important, and may be the decisive factors in determining how much
is invested in shoreline protection.

This study, however, concentrates on market value for two
reasons:

1. It is not possible to account for each individual's
values regarding shoreline property.

2. An individual can take the recommendations of this
econamic analysis and slter them according to his
personal preferences.

It is assumed that each shoreline property owner is an entrepreneur
seeking tc maximize the return on his investment in shoreline
property. Given the value of an individual property, the rates of
recession, etc., the amount of money that should be invested in a
shoreline protective structure will be defined so that the property
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value saved by protection against erosion justifies the cost of a
shoreline protection structure. Consequently, a property owner
would be able to sell his property at a price which is now greater
by at least the cost of the shoreline protection structure than if
erosion had continued unimpeded. Thus, the investment dictated by
the market (if any) would be the minimum that a property owner
would expend. This analysis will provide shoreline property owners
with a framework for making rational decisions concerning protective
structures.

The report discusses in detail the major elements of the model.
Various hypothetical examples are used to explain the operation of
the model. However, the reader should note that the main purpose
of this first phase of the study was to produce a model upon which
future improvements and refinements could be made.
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SECTION VI

COMPARISON OF FIELD DATA COLLECTION TO DATA COLLECTED
USING STUDY INSTRUMENTS IN MUSKEGON AND MANISTEE COUNTIES, MICHIGAN

The Coastal Zone Laboratory of the University of Michigan con-
ducted tests in Muskegon and Manistee Counties to campare homeowner
perceptions reflected in the self-administered damage acsessment
vith independent measurements. This study has been printed as
Appendix VIII and is summarized below.

Data was collected from a sample of county homeowners in the
following categories: present property worth, bluff height, and the
distance from the bluff edge to the foundation of the house. These
parameters vere chosen because they typify homeowners perceptions
of monetary value, vertical distance, and horizontal distance,
respectively. The present property vorth was evaluated by a local
realtor, making his assessment of the property value by looking at
the exterior of the hame and the grounds. Bluff height and distance
fram bluff edge to foundation were measured at the site. Bluff
height vas not measured directly, but was calculated from the slope
of the bluff face and the horizontal distance from bluff edge to
beach. The data vas campiled for each county and paired with the
corresponding self-administered assessments and with the appropriate
personal interviews. Same of these comparisons are presented in
Table 2. :
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TAB

LE 2

DATA COMPARISON

Muskegon County

Manistee County

Mean Mean
Parameter Mean Difference Mean Difference

Property worth-SAA 1/ 35095 2972 43700 278k4s
Property worth-IM 32123 T1545
Property worth-PI 31507 2213 29877 3469
Property worth-IM 33720 33346
Bluff height-SAA 37.8 1.k 21. 29.6
Bluff height-IM 79.2 50.7
Bluff height-PI 40.9 9.5 23.6 17,4
Bluff height-IM 50,k 41.0
Bluff to foundation-SAA T5.2 4.6 70.3 37.6
Bluff to foundation=-Ilf 70.6€ 32.7
Bluff to foundation=~PI T3.2 L48.8 59.7 8.7
Bluff to foundation-IM 24,4 68.L

1/ SAA = Self-Administered Assessment
PI = Personal Interview
IM = Independent Measurements

Each paired set of data was then analyzed svatistically.
analysis is presented in Appendix VIII,

25

This




SECTION VII

SAMPLING PROCEDURE (HURON COUNTY STUDY)

Huron County was one of six counties selected for pilot damage
assessment studies in the State of Michigan. This county, unlike
the five other pilot counties which used a census format for data
gathering, was selected to use a sampling procedure for obtaining
the data, The purpose of using a sampling procedure was to test the
feasibility of gathering information more efficiently. The informa-
tion to be gathered was to be of equal reliability but obtained at
a reduced cost.

As with all counties in the pilot study program, Huron County
was divided into reaches. The reach delineations were established
by controlling parameters of bluff type, natural or man-made features
vhich might be expected tvo influence coastal processes, and land use.
The first two parameters were given more weight than the last one,
Using this criteria, Huron County was stratified into five reaches.
(See Section 2.2 in Appendix III for a description of these reaches.)

Most counties in this study did not have legal tax records which
easily allowed for the identification of the shoreland owners. Even
the use of plat maps, when available, did not make this task simple.
To determine the ownership of Huron County shorelands it was neces-
sary to obtain the legal descriptions for all the properties in
secvions which were bounded by the open coast shoreline., These
legal descriptions then had to be read along with the available plat
maps to determine which properties were actually on the shoreline.
The legal records of the shoreline properties convain the owner's
name, a description of the property, the property's assessed value,
the date the assessment was made, and the mailing address for the
tax bill. These tax records do not give the shoreline property
mailing address (unless the tax bill is sent to that address) or the
land use.

There were a number of problems with the legal descriptions
themselves in Huron County. The three most prevalent difficulties
will be described and illustrated with an example. First, many prop-
erties were described where they could not possibly be located. For
example, a property would be sited in a section, which in turn would
be located out in the lake proper. Second, some properties were
defined with vague or unusual legal descriptions which hindered deter-
mining the precise location of the property. For example, legal
descriptions were found which only said, "No street lights. Per-
sonal.” Finally, some properties were not referenced in a manner so
that their location could be determined. For example, two properties
would be described as follows: for property A, 'Property A is
located next to Property B' and the description of property B would
say, 'Property B is located next to Property A',
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Another problem with the tax record information involved land
use determinations, Since the property descriptions do not give the
land use, the only possible way to determine whether a property is
used for commercial/industrial purposes or is governmental land is
to review the owner's "name", There are "clues" in the legal
descriptions that might let this determination be made, For example,
institutional designations such as "incorporated” for commercial/
industrial or "State of Michigan" for governmental aided in such a
determination. An alternative way of determining land use would be
to uctually walk and map the shoreline. This latter task was not
done as it is very expensive and outside the scope of this study.

In addition, walks by the shoreline will not reveal undeveloped
tracts of land which are in commercial/industrial holding, so the
former task was used to separate the residential owners from the
entire listing of shoreland owners. This method of separati:g the
classes of shoreland owners has some additional problems in that
many times a "residential” piece of property is owned by a corpora-
tion and thus, this property would be included in the commercial/
industrial list, If this difficulty were uncovered during the
course of the assessment in the other counties studied, the property
would be dropped from the commercial/industrial 1list and the owner
was sent a residential questionnaire. This, of course, was not
possible in Huron County since the residential owners were being
sampled and "errors" were not detected until after the sampling
process was well underway. Also, a property which would appear to
be residential in the tax listings would actually be used for rental
cottages. This should have teen included in the commercial/
industrial list., Fortunately, the self-administered assessment
allowed for the capturing of information of this type of property
-=it simply was not summed in the appropriate table.

With the limits outlined above, lists of residential owners were
established for each of the five reaches in Huron County. As
required, 15 percent of the residential property owners in each
reach vere randomly selected with the exception of the owners in
Reach 5. A 15 percent sampling in Reach 5 was less than 25 residen-
tial owners (the minimum required), thus, 25 property owners were
randomly selected in this reach. Those owners selected in the
sample receiyed a self-administered assessment and reminders, fol-
lowing the same mail sequence as owners in other counties under
study. These shoreland owners received a slightly different letter
than those owners in the other pilot counties, The letter sent to
the owners in Huron County emphasized that they were specially
selected in a sample and thus their responses were very important.

The response rate for Huron County was 73 percent which was
slightly above the average response rate (69 percent) for the other
counties under study. It has not been determined if this slight
increase is stavistically significant. It has also not been deter-
mined if the response rate was higher because of the "different"
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letter sent or bacause the shoreline owners wvere subjected to con-
ditions different fram shoreline owners in other counties which
might make them more inclined to respond.

Results from this sampling procedure provided result: which
agreed very favorably with the information colle~ted in other
Michigan pilot counties (see Appendix V, Shoreline Damage Survey:
An Appraisal with Recammendations). This reveals that the cap-
turing of the same level of significant results is possible using
a sampling technique in lieu of the census style approach, and at
a substantial saving.

Basic data results are presented later in the report. Expanded
totals for same values for this county (and its reaches) are given
in Appendix V.

Interviews of respondents and non-respondents were conducted
in Huron County. Foruy-six property owners from the sample wvere
randamly selected for personal interviews, 35 respondents and
11 non-respondents,

It had been observed in the counties studied that non-respondents
were the most difficult to interview if a phone listing could not be
readily obtained. For this reason, if a phone listing for a non-
respondent could not be obtained in either luron County or the area
where the tax bill was sent, a new non-respondent was randomly
selected. Of the 1l non-respondents in the interview sample, nine
were successfully interviewed. One person was found not to live on
the lake and the last person was found to have sold his property and
the new owner cculd not camplete the interview, This wvas unusually
successful in terms of & response rate for non-respondents. Compering
the difficulties experienced in the other study counties to the gcod
results in this county implies that by limiting contact to non-
respondents with readily available phone listings will give a high
completion rate for personal interviews., What bias, if any, is
introduced by doing this is not known.

Four respondents were not able to provide ccnpldked interviews,
The reason for this was thatu generally after four attempts to con=-
tact the respondent, no further attempts were made to camplete the
interview. The level of convact for respondents in personal inter-
views in Huron County was about the same as that of the other
counties in the study in Michigan.
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SECTION VIII

MEASUREMENT OF COASTAL BLUFF RECESSION FROM
AERIAL PHOTOGRAPHS, MUSKEGON COUNTY, MICHIGAI

This study, which is included as Appendix VII, was undertaken
to evaluate the usefulness of aerial photographs in the determination
of coastal erosion raves., The effectiveness of aerial pholographs
was examined in terms of availability, type of coverage, and the
reliability of the measurements obtained from the photographs. The
procedure was to locate existing aerial photographs of Muskegon
County, selecting and obtaining those pertinent to the erosion
areas. Further steps involved selecting tentative site locations,
making field observations and ground measurements, taking photo~
graph measurements and deriving erosion rate calculations.

Aerial photographs are not planimetric maps; thus the possi-
bility of distorvions must always be kept in mind if accurate
measurements are to be obtained. Critical errors in photographs
are due to relief displacement, tilt error, measurement error, and
interpretation error. The first two errors are expressed in non-
linear scale variations in the image. Measurement errors involve
the precision of the measuring tool. Interpretation errors vary
with the quality of the photographs, their date and scale, and the
skills of the interpreter. Methods were incorporated to reduce
errors caused by these problems.

Location errors arose due to lack of stereo coverage, poor edge
gradients, poor tone contrasts, rounded beach profiles, and dense
foliage. Sites must be selected that avoid these problems if errors
are to be minimized., Location errors were most common with toce line
measurements, generally due to over exposure of the bright sandy
beach area. Shape ambiguities were also common at toe lines, and
poor toe line measurements commonly gave incorrect beach width data.
Iv was felt that the time spent measuring toe lines is not worth-
while because of the frequency of these location errors. Sand bar
line measurements indicated that the center of the first bar was
generally about 200 feet fram the water line, although distances in
1970 ranged from 79 feet to 558 feet.

Not enough sites were measured to make broad correlations on
coasval dynamics between sites. Even after a reliable method of
measurement is developed, the non-linear nature of coastal processes
in both time and space relationships must be dealt with. A random
or uniform sampling program must be set up in order to give a repre-
sentative recession rate along an entire stretch; widely spaced
measurements cannot produce similar results. Site spacing may have
to be as close as 100 feet before correlations along a stretch of
beach can be made. Coastal processes are perhaps even less linear
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in relation to time than in the spatial sense. Recession rates over
long time intervals give only grand averages. However, due to the
non-linear nature of coastal processes, it is very possible that
only a few storms or a few years of high water could cause the
greater part of the recession. Therefore, averaging over many years
tends to mask the dynamic nature of coastal processes. The methods
used in this study can produce useful data for ideal sites, that is,
sites with no location error problems and good scale control points.

The most accurate methods for recession studies require first
order plotting instruments using advanced photogrammetric techniques.
The costs involved here would by far outweigh any practical applica-
tion of the information. If imagery is to be flown for work on
coastal studies, it is recommended that it be at a scale of at
least 1:10,000 and flown in early spring when foliage does not block
the view. The line of flight should be parallel to the coast,
placing the coast in the center of the photographs to minimize
relief displacement and show plenty of land for good scale control
points.

The report indicates that recession rates cannot be quantified
to the desired degree. Only "ball park" values of rates can be
obtained under two pcssible situations using aerial photography:
wvhen a great deal of erosion occurs over a short period of time, or
when measurements are made over a long time interval. Indications
of rapid recession over a short time interval can usually be
detected by simple observation of the aerial photographs.

Some important criteria for selecting scale control points and
site locations are listed below. Most are required to minimize
errors, but others are suggested to avoid common pitfalls.

1. Select scale control points as close to the shore as
possible.

2. The scale control line should be parallel or close to
parallel to the direction in which bluff line measurements
will be made. This means perpendicular to the coast.

3. The elevation of scale control points should be close to
the elevation of the coastal area.

L, Each control point should be a distinct, permanent geo-
graphic location. ’

5. Each control point must be clearly visible in each year of
coverage,

6. Good stereo coverage for each site is essential.
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Selected controls should not vary with the seasons. For
example, many times distinct controls in a spring photo
will be covered with foliage in summer images.

Pech sive should be lccated near the center °£;?t least
ane plhiovo for each yecar of coverage.

Scale control points should be selected that are easily
accessible and close enough for quick measurement, ideally
no greater than 500 feet. Driveways are cammonly the best,

Measure to the center of roads since they are more permaner.:
than shoulders.
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SECTION IX

SOIL SAMPLING

Mechanical analyses of the soil materials eroded from the shore-
line bluffs were desired to assess the environmental effects of the
eroding bluffs. In addition, soil information gained fram the pilot
study experience was to be used in developing sediment transport
study proposals prepared under other Corps study authorities. During
the early study coordination activities, it was determined that
overlapping objectives existed between this study and an Interna-
tional Joint Commission study of Pollution From Land Use Activities.
A Pollution From Land Use Activities Reference Group was formed
under the leadership of the IJC (PLUARG). Study agreements were
worked out between the Corps of Engineers and the PLUARG, Task
Group D Team Leader, the Environmental Protection Agency (EPA),
Region V Laboratory. The Corps of Engineers accepted responsibility
for collecting soil samples in the 11 pilot study counties; EPA
agreed to undertake the soil analyses. These anulyses were more
exhaustive than those planned by the Corps of Engineers; they
included extensive chemical analyses in addition to mechanical
analyses. The results of the EPA soil analyses have been furnished
to, and are on deposit at, the North Central Division Corps of
Engineers. Formal presentation of the results of the EPA soil
analyses will be published in a PLUARG Task D Group report.
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SECTION X

EVALUATION OF SHORELAND DAMAGES

The damage data collection procedures attempted to differen-
riate erosion losses fram flood losses. Although sometimes difficult
to separate, erosion losses are those which occur because of wave
action cutting away the shore material, and flood damages result
from inundation of low lying areas. Many individuals and groups
have taken protective action against erosion and flooding. These
actions have been of varying effectiveness. Estimated expenditures
for protective measures taken during the study period were also
sbtained. A summary of the damage survey for each of the 11 counties
in the pilot program follows:

A. Minnesota - St., Louis County

1. Physical Description

A diversity of landform types accounts for the seeming
complexity and singular uniqueness of erosion problems facing
property owenrs along the 69.8 miles (111.7 km) of St. Louis County
(Minnesota) coastal frontage with Lake Superior. This segment of
Minnesota's North Shore (total length of approximately 163 miles -
260.8 km) comprises the westernmost one-third of the littoral zone
extending from the St. Louls River, adjacent to the U.S. Steel
Industrial Site at Gary-New Duluth, northeastward to the St. Louis
County/Lake County line. It was arbitrarily determined that the
Spirit Lake portion of the St. Louis River estuary represented
the uppermost reaches, where rising levels in Lake Superior would
have an impact. Such a determination is subjective, although it is
felt that this evaluation is in accordance with the real situation.

Contrasted with the variations in landform are additiomal par-
ameters involving differences in bedrock, soils, beach materials,
exposure to wave attack, and levels of erodibility. The sum total
of these conditions as they exist today account for the bulk of
erosion problems affecting the westernmost Lake Superior region
and the environmental and developmental limitations placed upon
this landscape. Both residential and non-residential property are
directly affected by these conditions. The primary purpose of the
survey conducted by the Arrowhead Regional Development Commission
was to inventory the direct and indirect effects of rising water
levels on Lake Superior. Existing shoreforms and property have
become increasingly vulnerable as the lake level has increased
because of above average precipitation in the basin and partially
because of reduced outflow at the controlling works in the St. Marys
River to limit "downstream" lake stages. Impacted areas treated
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by this investigation extend from the south 1/2 of Section 35,

T 49N, R 15W, West Duluth quadrangle, to the NE 1/4 of Section

36, T 52N, R 12W (Knife River USGS quandrangle). For the purposes
of geological discussion, the St. Louis County shoreline

(extending northeast-southwest from 46 degrees 40 minutes North
Latitude to 47 degrees North Latitude and centering on 92 degrees
West Longitude) has been divided into four Reaches, three of which
possess distinct natural qualities and limited riparian development.
The remaining sector lies wihtin the Duluth Harbor area and represents
extensive shoreland modification. It also contains most of the
area shore protective devices.

The Koppen-Geiger system of climatic classification places Duluth
and the North Shore in the Df zone, characterized by cool annual
mean temperatures (average mean annual temperature 39.5 degrees F.),
sufficient precipitation in all months (average annual mean 28.33
inches), and considerable variability in temperatures from day to
day. During 974, there were totals of 10,063 Heating Degree Days
(Solar Insolation vs. Escaping Radiation) and 149 Cooling Degree
Days. The prevailing wind pattern is from the northeast. Regions
immediately adjacent to Lake Superior undergo significant temperature
modification; however, the:e is little evidence that the presence
of the Lake increases annual precipitation. Average dates of the first
and last killing frost are May 13th and October 3rd, respectively.

Duluth's location near the geographic center of North America
accounts for general climatic conditions; yet the existence of the
lake and nearby landforms influences local temperatures markedly.
Orographic lifting and/or the subsidence of air masses near the lake
causes Duluth and the North Shore to be shrouded in fog an average
of over 50 days per year. Despite high relative humidity throughout
the warmer seasons, area residents experience less discomfort than
migth be expected because few days attain temperatures greater than
80 degrees.

A highly generalized description of landscape geomorphology
and the forces that have contributed to shoreline development as it
exists follows:

Geology: The study area includes four areas (Reaches) of
distinctly separate morphology which will be discussed in turn. The
Reaches themselves were selected because they represented coastal
sections of distinct origin and present landform continuity.
Although the Reach boundaries are arbitrary, the uniqueness of each
provides a basis for study.

Located within the study area is the City of Duluth and a ribbon
residential district, running northeastward along the lakeshore.
Roads constructed along the Duluth waterfront and the stretch of
old U.S. Highway 61 constitute the most visible development along the
shore. Despite marked differences in the nature of shoreforms, the
topographic relief of these features is comparatively uniform. Soils




are generally well-drained where they exist, although rock

croppings, thinly veneered by glacial lake clays, make up much of
Reach 4, while Reach 3 has not top soil per se within its erodible
environs. Begetative cover is restricted to small trees and bushes
along the perimeter of Reach 4, while Reach 3 vegetation is comprised
of ecultural types of floral.

Reach 1 has extensive stands of certain species; i.e., ash,
popple, and various conifers. This area also provides the only
significant wildlife habitat along the entire riparian expanse of the
study area. Reach 2 is developed and urban.

Reach 1 extends 7.5 miles (9.9 km) from the former docking
facilities adjacent to the U.S. Steel Plant in Gary, to 63rd Avenue
West. Reach 2 stretches 25.9 miles (41.44 km) from 63rd Avenue
West to Lake Avenue. Minnesota Point constitutes Reach 3 (17.15
mils or 27.44 km), while the remainder of the St. Louis County
shoreline abutting with Lake Superior from Lake Avenue to the St.
Louis/Lake County line (19.2 miles or 30.72 km) comprises Reach 4.
Figure 2 is a map of St. Louis County, and property ownership
and use of county shoreland is shown in Table 3.

Topographically, the extent of Reaches 1 and 2 can be labeled
as low-bluff depositional clay silt banks which have resulted in
part from natural modification of the St. Louis River estuary.
Reach 2 also possesses a sizable fill area, where dredging and harbor
developments have altered the shoreline considerably from the original
state. Underlying these depositional features, lie bedrock formations
composed of dipping Keweenan intrusions and Puckwunge sandstone
(western Reach 1). Approximately fifty-five percent of the bank
material is a clay and silt inter-mixture, the remainder being
sand and rock or clay silt. Shore forms in Reach 1 are erolible
low-bluff with 17 feet being the average height throughout their
slightly rolling expanse. Vegetation presently providing cover on
these low slopes (Reach 1) includes various low-grade softwood
conifers and small hardwood deciduous species such as ash, popple,
white birch, and elm.

Reach 2 harbor development has extensively modified the shoreline
with respect to landforms, vegetation, and the waterway itself.
Being a deep-draft navigational harbor, Duluth shipways and channels
are maintained to a depth of 27 feet. An expanse of almost completely
artificial shoreline extends from Hallet Dock #5 to the Duluth ship
canal. Sluices, landfill areas, extensive dock and some breakwater
construction account for this. Just north of the interface between
Minnesota Point and the mainland, an interlocking framework of
steel pilings reinforced by large blocks of quarried stone protect
an otherwise exposed stretch of railroad track. Elsewhere, the
depositional clay silt low-bluff character of the St. Louis Bay
harbor area predominates. Shore profile heights at the Reaches 1
and 2 continuum range from three to 28 feet. Erodibility varies
as to clay content, but overall soil permeability and drainage is good
along the coastal zone being surveyed.
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Reach 3 is composed of Minnesota Point, one portion of the
farge sand spit which has formed at the juncture of the north
and south shores of Lake Superior. The existence of this pro-
tective barrier has posed some problems in the past due to its
environmentally fragile nature and the attempts taken in the
past to develop the area. Longshore drifts of sand built and
nourished the Point until groins were built at the Superior
and Duluth Harbor entrances. Subsequently, Minnesota Point,
between the two ship canals, has suffered shoreline regres-
sion resulting from a combination of sand flow obstruction
by the groin structures and continual lateral movement of beach
materials. Presently, the area affected by this outflow of
beach materials extends 3,000 feet southeastward of the Duluth
ship canal. Dredged materials placed along this eroding coastal
section in 1963, have since eroded, and a continuing program of
beach nourishment and up-grading will be necessary if this beach
is to be preserved. The Army Corps of Engineers has also sugges-
ted the need for modification of present land use development
plans affecting this area as drawn up by the City of Duluth Re-
search and Planning Department.l/

So long as general lake circulation continues in its present
pattern, the balance between sand and water should continue to
remain near an equilibrium. Recurrent storms pose problems for
certain riparian property owners, due to a lack of wave built
beach forms which normally would serve as a protective feature.
Low-standing sand mounds are often created during the winter
and spring break-up period when ice flows, which normally move
across the lake, are rafted up onto the Point by storm processes.
Ridges and ice-pushed mounds result, which are easily eroded by
subsequent summer gales; the effect of this is an inundation of
sorted beach materials with coarser materials and driftwood.
Lateral gradation in mean particle size is evident on the Point,
yet the greatest quantity of beach and sand is medium to coarsely-
medium in particle size (2.0 to .5 Wentworth size classification)
as is characteristic of a beach with a 5 to 7 degree slope.
Serving as the principle mechanism in the sorting of beach mater-
ials are translittoral waves associated with small swells pro-
duced by normal weather and current circulation. Oscillatory
waves result from major storms on Lake Superior and constitute
she principal erosive threat to this unprotected coastline.

The North Shore of Lake Superior is one of the world's truly
unique fresh water coasts resulting from the process of volcanism
The Duluth-Gabbro complex dominates the skyline (600-700 feet above

v Section III Detailed Project Report; Beach Erosion Control on
Minnesota Point at Duluth, Minnesota, U.S. Army Corps,
November 1974, p. 30.
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the lake level) along the harbor frontage. A low rock shoreline
fronts the lake from Minnesota Point through the extent of Reach 4.
Keweenan intrusives (principally basalt) interposed by diabase
sills, form a low-bluff, non-erodible shoreline. Little evidence
of shoreline revetments or other protective measures in the past
seems to indicate that this coastal zone was essentially non-
erodible, although zig-zag rock facles show that the various in-
trusive outcroppings have different weathering qualities. Small
coves, spurs, and pebbly beaches form the anterior coastal sec-
tions, the upper reaches of some areas being wvariegated by a thin
residual of lake clays. Northern sections of the coastline in
St. Louis County display uncopsolidated clay bluffs set back a
distance of approximately 50 feet from the underlying coastal
bedrock. Massive slumping and mass wasting is causing the under-
mining of trees and brush along the lakeward bluff perimeters.
This substantiates the fact that erosion exists, the primary
cause being wave activity (oscillatory waves), although surfi-
cial run-off is an important element in the final erosion of
weakened coastal features. Surficial erosion is not as rapid

as erosion caused by wave activity, although it is beginning to
take its toll in regard to property damages. Frost, wave action,
and the hydraulic movements of boulders and larger beach materials
can be stated as the salient factors responsible for erosiom on
the North Shore.

2. Nature and Extent of ngsical Losses

Almost two-thirds of the residential and non-residential parcels
along the St. Louis County shoreline have been subjectea to either erosion

flooding or both. It was found that 63 percent of residential lands

(1) have been protected to combat problem conditions, (2) have sus-
tained actual damages, or (3) are subject to risk from erosion or
flooding. Erosion was the most threatening form of damage, afflic-
ting 41 percent of the total 345 residential parcels. Flooding
affected 6 percent of the properties, and both flooding and erosion
totalled 16 percent (52 parcels).
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Reported non-residential damage conditions were balanced with
13 of 27 respondents (L8 percent) suffering from erosion, and the
remaining 14 (52 percent) confronted by flooding.

Inundation damage was most prevalent in the St. Louis River
estuary, the Duluth Harbor, and along the bayside of Minnesota
Point. All three of these areas are protected to a degree from
extreme wave attack by Minnesota Point and W cconsin Point.

Interviews conducted with some non-residential parcel owners
revealed that flooding damages are sustained year-round, but
particularly during the high water cycle in late summer and early
fall, vhen severe northeasterly storms (with tilting of the lake
body toward the Duluth area) cause most of the flooding and erosion
problems. Several parcel owners stated that northeasterly storms
cause the majority of flooding events and that if lake levels are
raised an additional 6 to 12 inches, total property and business
losses would result,

The bayside area of Minnesota Point is confronted with high
risk of flooding due to its natural low lying relief. Residential
flooding has been experienced along the entire bayside shoreline,
Problems cited include flooded basements, foundation crackage and
seepage, "spongy" lawns and mud bogs, and undermining of docks and
boat houses. The entire stretch of residential frontages is included.
Storm induced conditions fram northeast and southeast were identified
as the most prevelant cause of damages, Flooding is also being
experienced by non-residential properties on the bayside or harbor
near the Canal area and along the lakeside north of the Aerial
Bridge toward Michigan Street. The city-owned Canal Park area is
frequently inundated when northeasterly storm conditions occur.
Serious erosion conditions have prevailed south of the Aerial Bridge
Canal (groin) vwhich has eroded beach area from the canal to 12th
Avenue (lakeside).

Same of Duluth's finest homes are found along the bluffs in the
northeastern section of the county. The non-erodible high-bluffs
and non-erodible low-bluffs are not subject to flooding of any conse-
quence, Fev homes were severely inundated; however, basement seepage
and high ground water levels caused same damages to residences. The
only reported non-residential flood damage was experienced in the
Lester Park area and was attributed to storm activity.

It is estimated that 463,000 square feet of beach area vere
lost due to high lake levels during the two-year time period. The
"red clay" soil conditions found primarily beyond the Lester River
(northeast) are very susceptible to erosion processes. Bank under-
mining, slumping, and other soil erosion processes, produced by
surficial run-off and wave attack, severely erode the clay banks of
the area, The volume of bluff material eroded during the two-year
period is estimated to be 16,5 million cubic feet (see Table L),
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3. Flood and Erosion Damages

Reported flooding damage occurring fram Labor Day 1972 to Labor
Day 1974 amounted to $915,400., The largest damages were to grounds,
landscaping, and trees, and damage to structures and contents. Non-
residential flood damages were more severe than that experienced by
residential parcels,

Erosion is the major cause of residential property damage along
the St. lLouis County shoreland. Erosion processes are responsible
for bank recession and destruction of shore protective structures,
and contribute large sediment loads to Lake Superior. Erosion
danages were reported by 120 of 231 respondents for the two-year
study period. Residential losses were largely a result of damage
to grounds and improvements and protective structures.

Nun-residential property owners did not incur large erosion
damages compared to flooding damages. Flood and erosion damages are
sumnmarized in Tablee 5 and 6.

E. Wisconsin

1. Douglas County

a. Physical Description

Tre shoreline of Douglas County begins beneath the high
bridge to Duluth (Blatnik Bridge) and continues south and east past
the Superior Harbor area to the Douglas-Bayfield County line. The
distance from the northwestern tip of Wisconsin Point to the eastern
boundary of Douglas County is approximately 25 miles. The Superior
Harbtor area, protected from the open lake by Wisconsin and Minnesota
Points, contains another 18 miles of shoreline if all the numerous
slips and entry ways are included. Figure 3 is a map of Douglas
County.

The City of Superior, Wisconsin, lies at the western edge of
the county at the Wisconsin-Minnesota state line. Fram that point
eastward to Duqéﬁhan Creek, the shoreline consists of an erodible
low plain interrupted only by Wisconsin Point, a sand spit. From
Dutchman Creek eaguward to the Brule River, a high-erodible bluff
extends along the entire shoreline. East of the Brule River, a
low=erodible bluff extends to the Douglas-Bayfield County line.

The reach of shoreline from the Blatnik Bridge to the base of
Wisconsin Point ineludes Superior Harbor and Superior and Allouez
Bays. Industrial development in the harbor is located along the
scuthwest shore of Superior Bay and is constructed on a well-armored
low plain consisting in part of artificial fill. The entire shore-
line in this portion of the bay is stable and well fortified. To
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the southeast, in Allouez Bay, is an unimproved area of swampy lovw-
lands and a fev small islands surrounded by water generally less
than six feet in depth. The entire harbor area is vell sheltered
from the open lake,

Wisconsin Point is a natural spit approximately 2.3 miles in
length, It offers considerable protection to the Allouez Bay area
and is classified as a low sand dune Reach, less than 30 feet in
height. The Reach is an undeveloped recreational area, has no
inhabitants except for summertime use of the University of Wisconsin
-Superior Field Station at its terminus. The land is owned by the
City of Superior and is an outstanding example of dune and beach
sand accumulation. An erodible lov plain wetland area, approximately
0.8 miles in length, is located just east of Wisconsin Point. For
a distance of approximately 17 miles eastward it is a fairly
straight stretch of shoreline. It serves as the terminus for a
number of northward-flowing streams such as the Brule, Amnicon, Middle
and Poplar Rivers. The entire 17 miles is an erodible high bluff.
Lying at the foot of the bluff is an intermittent beach ranging in
vidth from zero to 40 feet in width. A similar area of low bluffs
extends the remaining four miles to the County line. GSee Table T
for a description of shoreland ownership and use.

b. Nature and Extent of Physical losses

Reported beach area lost and bluff volume eroded is pre-
sented in Table 8, Shown also are projections accounting for
non-respondents properties for the entire county shoreline.

c. Flood and Erosion Damages

It vas determined that all damages in Douglas County
resulting from high vater levels could be attributed to erosion
rather than flooding. Accordingly, Table 9 presents reported
actual erosion damages and Table 10 displays projected values for
the entire county shoreline.

2. Browvn Countx

a. Physical Ducrigtio¥
The Brown County shoreline on Lake Michigan is approximately

Ll miles in length and borders the southern end of the Green Bay
vaters. At the approximate center of the county's shoreline is the
City of Green Bay where the Fox River enters Green Bay. Fram the
Oconto=-Brown County line around the head of Green Bay to Bay Settle-
ment, there are no bluffs and the shoreline is a gently sloping
plain or marshland., From Bay Settlement northeast to Red Banks the
shoreland is moderate to high bluffs of glacial till and bedrock
interrupted by occasional low-lying bluffs, From Red Banks three
miles to the Kewvaunee County line the shoreline is characterized by
a smooth outline and steep bluffs. These areas are prone to vater-

vave erosion. See map, next page. Shoreline use and ownership is
descrived in Table 11.
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b. Nature and Extent of Physical Losses

Amounts of beach are lost and bluff volume eroded, according
to estimates made by property owners, are presented in Table 12.
Projected estimates for the entire county shoreline are also displayed.

c. Flood and Erosion Damages

The U.S. Geological Survey's (Water Resources) Open-File
Report on the 9-10 April 1973 flood in the area of Green Bay,
Wisconsin, provided estimates of flood damages for Brown County.
The April 1973 flood ir the only flood recorded fram May 1972
through Labor Day 1974. This study identifies the flood-prone zone
as the area from Duck Creek (Jjust west of the Fox River) to Point au
Sable (the first major pramontory east of the Fox River).

That flood was wind-induced by strong north-northeast winds.
The northeast winds were measured at S5k mph and produced a short-term
water level rise (storm water set-up) of 3.7 to L.0 feet above the
prevailing water level. During April, the prevailing water level was
recorded at 1.8 feet higher than average. Precipitation in the form
of snow was recorded at 0.37 inches. The Fox River had a recorded
water flowage of 12,400 and 12,100 cubic feet per second for
April 9 and 10 respectively. Also, the stream gradients for all
rivers draining into Green Bay are small. The area was flooded
because of the high lake levels in concert with the strong north-
northeast winds., The high water flowage of the river was not
considered significant in the flood effect.

Estimates of flooding and erosion damages for the remaining
shoreline of Brown County are presented in Tables 13 and 1k.

3. Racine County
a. Physical Description

Racine County in the southeast corner of Wisconsin has 14,7
miles (approximately IJC coordinated mile references 640 to 655) of
shoreland along the southwest shore of Lake Michigan, The City of
Racine is located at the mouth of the Root River and occupies most
of the southern half of the county's shoreland. The general shape
of the shoreline is cuspate due to the prominent eastward projection
of Wind Point. The point has endured through time by resistant
portions of the underlying Niagaran Dolomite. Residents state that
this formation was exposed during low-water stages in the past. In
general, the Racine County shoreland is a high-erodible bluff which
ranges in height from approximately 90 feet above lake surface at
the Milwaukee-Racine County line in the north to less than 50 feet
at the Racine-Kenosha County line in theé south. In most areas, the
bluff varies between 30 and 40 feet in height above Lake Michigan.
In the vicinity of Wind Point there is 1.4 miles of low-erodible bluff
shoreline less than 30 feet in height. See map, next page.
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Much of Racine County shoreland (6.6 miles or 46 percent) is
used for private residential purposes. The properties are concen-
trated in a six-mile section extending south from a point approxi-
mately two miles south of the Milwvaukee-Racine County line, and
along the southernmost two miles of Racine County shore. Shoreline
use and ownership is shown in Table 15,

b. Nature and Extent of Pglsiccl Losses

The southernmost two-mile section of Racine County shore-
land has the most critical erosion problems in the county. This
section has the highest bluff recession rate, the least amount of
permanent protection, and the highest number of residences within
25 feet of the bluff edge of any developed segment of the county's
shoreland.

Severe problems also exist in the segment running from 0.3 miles
to 2.8 miles south of the Milwaukee-Racine County line. As the area
is undeveloped, the immediate impact of shore erosion on properties
is not as great as it is along other sections of the county's shore.
Finally, the shcreland segment extending south from mile 652 for
4,000 feet has serious erosion problems. Reported and projected
beach area lost and bluff erosion is presented in Table 16,

C. Ploodi¥g and Erosion Damages
All of Racine County's shoreland properties along Lake

Michigan suffered some damage during the study period Labor Day 1972
to Labor Day 1974. The damages vere the combined result of partic-
ularly high lake levels and severe stormms, especially during
November 1972 and April 1973. Property owners who reported no
damage either conisdered the loss to be too minor to report, or vere
unavare of the losses. Damages frequently varied considerably in
extent and amount between adjacent properties.

Scome residential property owners reported erosion damages.
After on-site observations wvere made in the field, it vas apparent
that although some lands had been inundated and reported as flooding,
the real cause of damage was the ecrosive effect of the waves on
bluffs and structures located on the bluffs. Accordingly, all such
reports of flooding were incorporated under erosion categories for
this report. Actual damages reported and projected damages for the
entire county shoreline are shown in Tables 17 and 18.

C. Michigan
1. Chippeve County

a. Physical Description
Chippeva County, located in the Upper Peninsula, is to the

east of Luce County and to the north of Mackinac County. Figure 6
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is a map of the study area in Chippewa County. Only that part of

the Chippewa County shoreline which borders Lake Superior is included
in this pilot study. The remaining portion of Chippewe County
borders the St. Marys River. The eastern edge of the study area
begins at Brush Point, located six miles west of Sault Ste. Marie,
and continues westward for 87 miles.

The Chippewa County shoreline along Lake Superior fram the
Luce-Chippewa County line to Brush Point alternates between erodible
plains and erodible low bluffs. With minor exceptions, the area
extending from below Paradise, Michigan, to several miles west of
the Naomikong Point is low, non-erodible bluff, as is a small stretch
of shoreline fram Salt Point westward to the Pendills Creek outlet.
High risk erosion areas along this shoreline are located both west
and south of Whitefish Point. Many homes are endangered in the
Paradise area of Whitefish Bay, and scattered high risk erosion
areas also exist along the south side of Chippewa County's shoreline.

Of the 92 percent of the Chippewa shoreline which is privately
owned, residential properties are a large majority; 79 percent are
for seasonal use only. Shoreline ownership and use are described
in Table 19.

b. Nature and Extent of Physical Losses

The amount of beach area as well as volume of bluff reported
lost in this area was substantial. The majority of dwellings in
this county are located within 50 feet of the bluff edge and are
therefore threatened by substantial erosion damage (see Table 20).

¢. Flood and Erosion Damages

Respondents to the assessment from this county indicated
the highest dollar damage due to flooding of the six Michigan coun-
ties surveyed. More than a quarter of a million dollars in damages
were reported due to flooding problems, Major losses occurred to
grounds and improvements, which accounted for almost 60 percent of
the reported damages. Structure and contents losses and clean-up
costs were substantial as well.

Considerable efforts were taken to alleviate the problem of
flooding damage in this county. Costs in excess of $40,000 were
incurred for protective actions against flooding. Most of the
costs vere allocated to building protective structures, while
minor amounts were spent for the relocation of buildings and other
costs.

Almost $12,000 in net rental income was reported lost in this
reach for the duration of the svudy period due to flooding. This
is important since seasonal use predominates in this area. The
second largest amount of total dollar damages due to erosion in
Michigan occurred to shoreline property in this county. Over
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(The study area includes only
the Lake Superior shoreline.)
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$500,000 was reported as loss to grounds and improvements, while
miscellaneous items sustained half that amount, as shown in Tables
21 and 22,

2. Schoolcraft County

a. Physical Description

Schoolcraft County is located along the northern shore of
Lake Michigan in the Upper Peninsula. It is bordered by Alger
County to the north, Delta County to the west, and Mackinac County
to the east. Figure 7 is a map of Schoolcraft County. The shore-
line extends for 49.8 miles. It is generally irregular and contains
many small bays which are protected by natural jJetties of rock
points reaching out into the lake. Some stretches of shoreline
consist of stone or gravel beaches with intermittent stretches of
sand beach, especially in the innermost parts of the bays.

From the Schoolcraft-Mackinac County line, the shoreline of
Schoolcraft County consists of a sheer rock wall for eight miles
vest to Goodreau's Harbor. From there, six miles to the west
along the shoreline are low sand dunes. For the next 24 miles, to
Point Aux Barques, the shoreline alternates between low plains of
cobbles and low sand dunes, except for two areas of limestone out-
croppings on either side of Dutch John's Point and between Thompson
and Wiggins Point. From Point Aux Barques to Little Harbor, a
distance of five miles, there are sand marshes over flat-lying
limestone formations. From Little Harbor to the Schoolcraft-Delta
County line, the shoreline is characterized by cobbles with an
underlayer of bedrock.

This shoreline area on Lake Michigan is generally not subject
to critical erosion, Much of the shoreline is protected by out-
cropring limestone or by gravel and cobble beaches.

Manistique, the major city in Schoolcraft County, is built along
the shores of the Indian River leading into Lake Michigan. It has =a
population of 4,875,

The residential lands in Schoolcraft County are primarily used
seasonally. Of those respondents to the self-administered assessment
who classified their property as either seasonal or permanent, 6l
percent responded that they make seasonal use of the land. The only
area where this is not true is Manistique, where all the properties
were reported as permanent residences (see Table 23).

b. Nature and Extent of gglsical Losses

Shoreline property owners within this county reported the
smallest amount of erosion damage in the Michigan counties studied.
See Table 2Lk, The most damages were reported to grounds and improve-
ments, while considerably less damages were identified as clean-up
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costs, Minor unspecified damage reported was a negligible amount

1 siructural damage. There are only eight dwellings reported within
teet of the bluff edge throughout this entire county. The little

crosion damage reoported is consistent with the physical character-

istics of the shoreline.

c. Flood and Erosion NDumages

Much of the shoreline is protected by gravel and cobble
beaches or by outcrops of limestone; properuvy owners reported minimal
flooding damages; flooding damages did not exceed $5,000 for the
entire county. There were also no reports of protective actions.
The 100-year open-coast flood level map confirms that flooding is
not a severe problem in this county. The only damage category with
a substantial damage is residential erosion of grounds and improve-
ments (see Tables 25 and 26),

3. Muskegon County

a. Physical Description

Muskegon County, located in the Lower Peninsula, is bor-
dered by Oceana County on the north, Ottawa County on the south, and
Kent County on the east. Lake Michigan forms the county's western
border which str tches for 26.9 miles. Figure 8 is a map of
Muskegon County.

The Muskegon County Lake Michigan shoreline from the Oceana-
Muskegon County line to a point nine miles south consists of high
sand dune and occasional low clay bluff. In the Michilinda Beach
area bluffs are sand over clay. Dunes sometimes range up to 200
feet high and are camposed of medium grain sand.

Then south to Muskegon State Park the shoreline is sand bluff
in part stabilized by extensive vegetation. The bluff is as much
as 120 feet above the lake level, while a sand beach 10 to 30 feet
wide exists below the bluff,

The shoreline fram Muskegon Stete Park to the Muskegon-Ottowa
County line consists of gently sloping sand beach, 10 to 60 feet
vide, and backed by sand bluffs 30 feet high and high sand dunes
rising up to 250 feet above lake level.

Government lands occupy three percent of the shoreline. The
City of Muskegon is the largest city in Muskegon County and is
located on Muskegon Lake. The city has a population of approximately
43,000 pecple, with an additional 19,000 people in nearby areas,
Of residential propertvies in Muskegon County, more than half (5L
percent) are used seasonally. Shoreland ownership and use is shown
in Table 27.
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b. Nature and Extvent of Physical Losses

This area reported the second largest quantity of beach
area lost, totalling nearly 2,814,000 square feet during the study
period. The estimatved volume of bluff lost was the highest of all
Michigan pilot study counties, nearly 250 million cubic feet. The
majority of residences are located within 50 feet of the bluff edge,
thus the high recession rate poses a severe threat toO property
owners (see Table 28),

c. Flood and Erosion Damages

Economic losses due to high lake levels are significantly
greater in Muskegon County than in other Michigan counties included
in the study. Extensive monetary losses were reported for damages
to grounds and improvements, with substantial additional losses due
to damages to structures and their contents. Clean-up and miscel-
laneous damages have also been reported, constituting additional costs
10 property owners, of approximately $145,000. Minimal lcsses were
listed for damagc to structures and contents, clean-up costs, and
loss of rental income. Only one area reporved action taken to
protect property from flooding. The action was in the form of
building protective structures and amounted to $4,900. Erosion
damages and expenditures for protvective structures in Muskegon County
vere substantial; they are shown in Tables 29 and 30.

L, Manistee County

a. Physical Description

Manistee County is located in the western half of the
Lower Peninsula on the shores of Lake Michigan. Benzie County lies
to the north of this county, while Mason and Wexford Counties are
to the south and east, respectively. This county has 26.2 miles of
shorelands on Lake Michigan. Figure 9 is a map of Manistee County.

Generally, the Manistee County shoreline consists of sand
beaches with low and high dunes behind them. The shoretype alter-
nates between erodible bluff and glacial lowlands. The morainic
bluffs range from 25 to 175 feev high and are composed of coarse sand,
clay, and silt, Beaches are sandy with scattered pebbles. Lowland
beaches are composed of medium to coarse sand with a gravel belt
along the waterline.

The majority (97 percent) of the lake shore properties in
Manistee County are privately owned and are classified as residen-
tial, Only two percent of the identified lakeshore parcels are used
either commercially or industrially, and one percent of the proper-
ties are government owned. The major city in this county is Manistee,
which has a population of 8,32l and is located along the channel
leading into Manistee Lake. ©OShoreland use and ownership are shown
in Table 31.
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* b, Nature and Extent of Physical Losses
This county reported substantial losses of beach area, The

reported volume of bluff lost was also substantial, nearly 96 million
cubic feet. There are 81 residences reported to be within 50 feet
of the bluff edge and threatened by erosion. Areas in Manistee
County experiencing severe erosion include the shoreline at the
southern limit of the county, the shoreline immediately south of
Portage Lake, the shoreline immediately south of Arcadia Lake, and
a shoreline in the vicinity of the golf course south of Manistee.

Considerable efforts were made to provide protection against
shoreline erosion. Property owners incurred the greatest costs in
the construction of protective structures, Relocation costs were
also substantial and were the second largest reported by the
Michigan counties. Miscellaneous protective measures involved
minor costs, and there were no emergency evacuations undertaken.
Table 32 1lists the physical losses.

c. Flood and Erosion D es

Flooding damages reported in Manistee County totalled about
$106,000. About 80 percent of this figure vas identified as damages
to grounds and improvements. The remaining amounts vere divided
among the other three categories. Erosion damages vere more severe,
totalling $777,000, consisting primarily of damages to grounds and
improvements (see Tables 33 and 34),

5. Alcona County

a. Physical Description

Alcona County is bordered by Alpena County to the north,
Iosco County to the south, and Oscoda County to the west. Its
eastern border, formed by Lake Huron, is 26,7 miles long. Figure 10
is a map of Alcona County.

Generally, the Alcona County shoreline is erodible plain, and
includes a five-mile marshy stretch in the middle of the county.
From the ncrthern county border (Alpena~Alcona County line) to
Harrisville, the shoizland is mainly stone and boulder, with high
bank beaches extending back into the hills. From there to the
Alcona~Iosco County line, the shoreline consists of sandy beaches,
usually low, with some high bluffs directly behind. Three areas in
Alcona County have been identified as high risk erosion areas, vhich
total about three miles in length. Most of the County's shoreline
is erodible.

Land used for residential purposes accounts for 97 percent of
the lakeshore properties in Alcona County, There Vere no large
industries identified in Alcona County. The residential properties
in the county are primarily used seasonally. This use pattern wvas
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particularly evident in the northern portion of the county vhere 8e
percent of the respondents to the self-administered assessment stated
that they used their property on a seasonal basis.

The coast along this county consists mainly of resort towns
vhich have a very small year-round resident population. One of the
largest of these towns is Harrisville, with s population of L87,
Shoreland ownership and use is shown in Table 35.

b. Nature and Extent of Physical Losses

The amount 0. beach lost reported by property owners was
minimal in comparison with other surveyed counties. The least
volume of bluff erosion in the Michigan pilotv counties wvas reported
in this area. The substantial number of dwellings located near the

bluff's edge increases the amount of dollar damages reported due to
erosion (see Table 36).

c. Flood and Erosion Damages
Moderate flooding damages were reported in Alcona County,

with the greatest loss occurring to grounds and improvements. Sub-
stantial damage was reported to miscellaneous items, vhile damages
to structures and contents apnd costs of clean-up vere minimal.

Moderate economic losses due to erosion were reported by prop-
erty owners in Alcona County. As Tables 37T and 38 depict, grounds
and improvements sustained the bulk of the damsges, vhile struc-
tural and content loss as well as miscellanecus damages vere substan-
tially less. Minimal clean-up costs were incurred. Expenditures
for protective measures totalled nearly $100,000, about half of the
amount lost to erosion damage. Property owners spent $95,000 on
permanent structures alone.

6. Huron County

&, Physical Descripvion
This Lower Peninsula county covers the entire tip of the

"thumb™ area on Lake Huron. Tuscola County lies to the southwest

of Huron County while Sanilac County is to the southeast, The shore-
line along Huron County is 92.4 miles in length. Figurell is a map
of Huron County.

The shoreline in Huron County from the Tuscola=-Huron County
line up to Sand Point has marshy, shallov water inshore with no
noticeable bluff. Sand Point, a long, narrow peninsula, juts west-
vard into Seginav Bay snd forms the northern limit of Wildfowl Bay.
From Sand Point to a point between Port Austin and Pointe Aux
Barques, the shoreline is composed of sand beaches, with generally
shallov vater inshore, and a bluff of uneven sand ridges, scme of
vhich extend to 25 feet above the water. Near Port Austin there are
outcroppings of bedrock at the bluff line. Deep water extends closer
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to shore in the vicinity of Port Austin., The lake bed in this area
contains several rocky reefs. Fram Pointe Aux Barques to a point
eastward of Grindstone City, the suoreline is sandstone bluff about
ten feet above water with some narrow beach existing at the base,
Southeastward to Port Hope, the shore and inshore water areas are
boulder strewn, and the bluffs became more pronounced and are
principally clay. This condition exists to the Huron-Sanilac County
line with a few boulders and little sand beach, except in scattered
areas.

Ninety-seven percent of lakeshore properties are residential,
the majority used seusonally, Harbor Beach and Sebewaing are. tvo
of the larger coastal cities in Huron County, with populations of
2,280 and 2,026, respectively. Shoreland ownership and use is shown
in Table 39.

b, Nature and Extent of Physical Losses
Nearly one-third of Huron County's shoreline is classified

as non-erodible, particularly in areas of marshy lowlands and non-
erodible clay bluffs. Because of the shallov offshore water area,
little wave action is dissipated directly on the marshy lowlands and
against the clay bluffs. However, there are some 12 miles of
scattered high risk areas. Although economic losses due to erosion
were moderave in this county, the reported amounts of beach and
bluff material eroded were quite substantial. Huron County reported
the greatest amount of beach material lost of the six Michigan
counties examined (15 million square feet), and the volume of bluff
material lost was the second largest amount, Structural damages were
low because of the limited number of residences located within 50
feet of the bluff, For actual and projected amounts of beach area
lost and shoreline erosion, see Table LO.

c. Flood and Erosion D es
Huron County suffered alnnge. from both flooding and erosion.
Grounds and improvements were more heavily damaged than other damage

categories. Expenditures for protective structures vere almost half
of actual damages, as shown in Tables 4l and 42,

D. New York - Oswego County

1. Physical Description

Osvego County, New York, lies at the southeastern end of Lake
Ontario. The county's lake shoreline totals sbout 35.4 miles., 1In
addition, 15.6 miles of North Pond shoreline were included since the
level of this water body is directly dependent on the level of Lake
Ontario. The county extends from IJC coordinated mileage number
119.3 to 154.T (see Figure 12),
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The Oswego County shoreline is generally exposed to direct
save attack from the water of Lake Ontaric in that it is lacking in
cmbayed areas. The North Pond embayment is the only significant
exception. Starting in the north end of the county and proceeding
south the shoreforms change fram (1) primarily erodible low plains
to, (2) low bluffs erodible (primarily of sandy material) to, (3)
nigh bluffs non-erodible. These high bluffs are comprised of till
overlying bedrock. In most areas the bedrock is of sufficient
he ight or width to protect the toe of the till bluff.

Use and ownershir of the shoreline are generally the same through-
out the entire county. Private seasonal residences are the primary
developments found along the shoreline. In addition, there are
several small marinas and hotels. The City of Osvego is the only
significant community directly on the lake. The majority of the
non-residential, non-private properties are concentrated in or near
the city. (See Table 43,)

2. Physical losses due to erosion and covering of beaches by
high water are shown in Table Lk.

3. Flood and Erosion Damages

In general the shoreline flooding and erosion problems decrease
moving from the northern to the southern portion of the shoreline.
This is due primarily to land form differences. Since the majority
of the lake shoreline is exposed to the open lake, there have been
a large number (468) of expedient shore protective devices constructed.
Only one significant permanent device is in place. This is a struc-
ture constructed by the Corps of Engineers located near the mouth of
the Oswego River protecting Oswego Harbor. (See Tables L5 and 46, )
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SECTION XI
SUMMARY OF PILOT PROGRAM RESULTS

A. Total Damages in 11 Pilot Counties

The total amounts of beach lost and bluff erosion in the 11
counties are shown in Teble 47. Total reported and projected flooding
and erosion damages are shown in Tables 48 and 49. The pilot pro-
gram damage data are iJummarized by lake and state in Tables 50 to 53.

Because of constraints in funds and time, it was not possible to
determine annual damages which provide the only acceptable basis

for the evaulation of regulation plans; however, such work is scheduled
to be completed by October 1976. Furthermore, it appears that much
of the damage data reported are self-supplied estimates obtained
from a portion of the particular total county shoreline involved.
Consequently it is not possible to use the damage data with extreme
reliability since there was no consistent evaluation of damage
extent and degree by trained personnel who have experience in making
such damage assessments. This is not to say that the data are of no
value or that the results should not be presented but only to point
out the obvious fact that such information must be qualified as to
its use and reliability in making further assumptions or evaluations
of shoreline damages as related to regulatory actions.

B. Study Methods--Lessona Learned

The original objectives of the shoreline damage study program
as viewed by some state participants, were unable to be met as a
result of inadequate funds, time constraints, and the absense of a
comprehensive working task force to investigate the various shoreline
effects, and prepare a detailed technical report on bluff losses,
bluff erosion, storm wave data and accurate quantified damage data.
With thes2 considerations, in recognition that some information
is better than none, and to provide a beginning effort to derive
the needed facts, it was decided to evaluate the 11 county pilot
study program.

Based on the data collected in the pilot studies, the scope of
vork for contracts to be let for the remaining counties was revieved,
The goal was to achieve savings in the costs and time required per
county for future studies., Items of work vhich produced duplicative
information or information vhich vas not directly applicable to the
evaluation of lake level regulation plans as directed by the study
authorization (reprinted in Section 1) were eliminated. In addition,
vays vere found to streamline other procedures. Specific modifica-
tions to the scape of vork are as follows:
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1. The collection of soil samples and bluff profiles vas
deleted from future studies. The data collected, vwhile useful for
other purposes, were not applicable tvo the estimation of damages
incurred and therefore areocutside of the study authority. The
laboratory soil testing was accomplished by EPA as part of its
involvement in the Pollution from Land Use Activities Reference Group
(PLUARG), organized under the supervision of the International Joint
Commission. The results of the soils analysis will be published in
a report of the IJC - PLUARG Task D Group.

2. There are no universally accepted formulas for camputing
beach area lost and bluff volume eroded. The study partners agreed
that the parameter estimates in this report are subject to revision
vhen agreement is reached on modified formulas with wvhich to calcu-
late these quantities.

3. The identification of high water marks was eliminated
because the period of time from storm event vo field survey was in
most cases too long. High water marks could be located with confi-
dence in relatively fev areas,

4, In the pilot study, follow-up intervievs vere held with
some respondents of the residential self-administered damage assess-
ment. The purpose was to discover the existence of bias. The data
thus collected were inconclusive fram the standpoint of statistical
tests of significance. It was determined that additional interviews
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of respondents were not of sufficient value to be retained in further
surveys.

5. Field inventory of protective structures. This item of work
was vieved by some of the states as producing valuable information
for their Coastal Zone Management programs as well as existing regu-
latory functions. However, the mailed assessment produced informa~
tion about the costs of protective structures built during the
study period, plus the damages to existing protective structures.

The field inventory was determined to be duplicative and has been
deleted from the scope of work.

6. The pilot studies included field surveys of shore forms and
shore types. These field observations were recorded in narrative
form and presented in tables in the county reports. This item was
somewhat duplicative of information contained in the National Shore-
line Study: Great Lakes Regional Inventory, Corps of Engineers,
North Central Division, 1971. The data produced were not directly
applicable to the estimation of damages, and the item of work was
therefore deleted.

T. Narrative descriptions of shoreline ownership and damaged
areas were also a part of the pilot study reports. Shoreline owner-
ship data is also found in the Great Lakes Regional Inventory report,
above. The narrative descriptions of damaged areas involved large
costs to both the contractors for writing these sections and the
Corps of Engineers for reviewing and editing the manuscripts. The
information provided incremental to the dollar damage figures did
not Justify the incremental costs. Therefore, the narrative portions
have been deletved from future studies.

8. The pilot studies also required assessments of the recrea-
tional, aesthetic, and environmental effects of high water levels.
The states had mixed reactions to the results of these studies.
Currently, the State of Michigan is investigating means of acquiring
data to represent the above impacts.

9. Aerial photo mosaics were campleted for the shorelines of
all pilot study counties., These panels did not directly apply to
the authorized study purpose. In addition, some of the information
provided was duplicative of the Great Lakes Regional Inventory, above,
or repeated data presented elsevhere in the pilot study report.
Accordingly, this item of work has been dropped fram future studies.

10. The pilot study datva collection methods aimed at camplete
census coverage of the riparian owners. As a result of the Huron
County sampling approach study and Appendix V, Shoreline Damage Study:
An Appraisal with Recommendations, it has been determined that a 20

percent sample coverage for each county would provide results, when
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projected for the total county, having an adequate confidence factor.
However, a decision to use a 20 percent randam sample in lieu of
census is a subject for further discussion with the involved states.

11. The factual evaluation of damages and of the effectiveness of
protective measures employed to reduce damages must be made by
technically skilled persons with experience in making such
evaluations. Since such efforts cannot be provided under present
study constraints, the resultant data from surveys of these
factors must not be used as firm reliable data.
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TABLE 50

SUMMARY OF FLOOD AND ERCSION DAMAGE - ACTUAL REPORTED
(EXCLUDING EXPENDITURES FOR PROTECTION MEASURES)
LABOR DAY 1972~LABOR DAY 19Th

Lake

Minnesota

St. Louis Co.

Wisconsin

Douglas Co.
Brown Co.
Racine Co.

Michigan

Chippewa Co.
Schoolcraft Co.
Muskegon Co.
Manistee Co,
Alcona Co.
Huron Co.

New York

Oswego Co.

Totals

1173

170

1,115

2,458

Superior
(§0005

Lake

Michigan
!§oooi

6,323
1,660

k1
1,339
819

10,2k2

Lake
Huron
000

L26
TN

880

Lake
Ontario
00 ‘

3.,‘76

3,476

Total
000 )

1173

8,153

4,25k

3,476

17,056

97



TABLE 51

SUMMARY OF FLOOD AND EROSION DAMAGE -

PROJECTED FOR ENTIRE SHORELINE
(EXCLUDING EXPENDITURES FOR PROTECTION MEASURES)
LABOR DAY 1972-LABOR DAY 19Tk

Lake Lake Lake Lake
Superior Michigan Huron Ontario Total
rl%(em (!6'00’ Sl "(3'0'007"'{"('!60"10 — | (3000)
Minnesota
St. Louis Co. 1,370 1,370
Wisconsin 9,971
Douglas Co. 252
Brown Co. 1
Racine Co. T:Sgg
Michigan 9,866
Chippewa Co. 1,766
Schoolcraft Co. 115
Muskegon Co. 2,271
Manistee Co. 1,561
Alcona Co, " 689
Huron Co. 3,464
New York
Oswego Co, 4,358 4,358
Tosais 3,388 13,666  |k,153 L,358 25,565
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TABLE 52
SUMMARY OF FLOOD AND EROSION DAMAGES - ACTUAL REPORTED

(INCLUDING EXPENDITURES FOR PROTECTION MEASURES)
LABOR DAY 1972-LABOR DAY 19Tk

Lake Lake Lake Lake
Sup :rior Michigan Huron Ontario Total
13c00) | '(§o'+oo {$000) { ($000) [ ($000)

St. Louis Co. 1,433 1,433

Minnesota

Wisconsin 13,03k

Douglas Co, 1,601
Brown Co. 7,865
Racine Co. 3,568

Michigan 5,973

Chippewa Co. 1,620
Schoolcraft Co. us
Muskegon Co. 1,829
Manistee Co. 1,238
Alcona Co. 551
Huron Co. 690

New York

Oswego Co. b,551 L, 551

Totals b 654 14,545 1,24 L,551 2L,991
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TABLE 53

SUMMARY OF FLOOD AND EROSION DAMAGE -

PROJECTED FOR ENTIRE SHORELINE

( INCLUDING EXPENDITURES FOR PROTECTION MEASURES)

LABOR DAY 19T72-LABOR DAY 19Tk

Lake

Minnesota

St. Louis Co.

Wisconsin

Douglas Co.
Brown Co.
Racine Co.

Michigan

Chippeva Co.
Schoolcraft Co.
Muskegon Co.
Manistee Co.
Alcona Co,
Huron Co.

New York

Oswego Co,

Totals

Sug%rior

1,683

1,689

2,586

5,958

Lake Lake

Michigan Huron
!5600’ !30005 !!5 y

9,001
4,738
135
3,625
2,253

891

5,52k

19,752 | 6,115

Lake
Ontario
00

5,880

5,880

Toral

($000)

1,683

15,u28

15,014

5,880

38,005
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SECTION XII

ESTIMATION OF DAMAGES FOR TOTAL U.S. GKREAT LAKES SHORELAND

At the inception of the pilot program it was hoped that the
findings in the pilot counties could be extrapolated to cover the
entire U.S. Great Lakes shoreland. The survey results cannot be so
extrapolated with statistical certainty at this time. Additional
studies are necessary to determine the degree to which accurate
quantitative judgments about the remaining Tl counties can be made
on the basis of these 11 pilot counties. However, it might be
useful vo .compare the pilot study results with the findings of the
1952 damage survey. Until such time as budget constraints allow the
camputation of average annual damages based on storm event and
hydrologic data, it must be noted that we are comparing damage
periods rather than annual damages. Although annual damages provide
the only acceptable basis for the evaluation of regulation plans,
the property owner may well be more interested in the amounts of
total damages experienced over the entire periods of high water.
After adjusting for price levels it would seem that any major
differences in the amounts of damages recorded would be attributable
to growth and development which has occurred since 1952, geological
changes with regard vo exposed shoreline, and differences in storm
activity.

Table 54 lists damages recorded in the 1952 survey and adjusted
using the Engineering News Record Building Cost Index by a factor
of 2.76 to September 1973 price levels. The damage data in the
pilot program apply to a two-year period; it is assumed that using
midpoint price level of September 1973 best represents that period.
Damage data collected in the 1952 survey vere not reported on a
county basis, Therefore, reaches from the 1952 study were selected
to approximate county boundaries as closely as the data allowed.
Also presented is a direct comparison of the 1952 survey and pilot
program damage data. Expenditures for protective measures have been
included in the pilot program totals because these costs vere
classified as damage in the 1952 survey.

The estimate of total damage to all shore properties during the
1951-52 period was $61 million. That damage updated to September
1973 price levels would be about $168 million. The 1975 pilot pro-
gram found that the current damages exceeded the early period by a
factor of 2.6. Using that factor, the estimated shoreland damages
for the total U,S8. shoreline would be in the order of $430 million.
Hovever, on a reach basis, the spread of comparable data as shown in
Table 54 is too great to place any reliance on this method for damage
projection. . Since the degree of reliability and accuracy of the data from
the present study cannot be determined at this time, the comparisons
herein and in Table 54 merely represent an exercise in statistical
evaluation and the results and conclusions from the data cannot be
used as positive indices of the comparative damage extent.
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SECTION XIII

CONCLUSIONS

Total demages resulting from the 1972-1974 high water period
seem to be in the magnitude of two to three times greatcr (after
adjusting for price level changes and development) than damages for
the 19511952 period for the 11 counties studied. The increase in
damages varied considerably among the counties. 5St. Louis County,
Minnesota, and Schoolcraft County, Michigan, seem to have suffered
greater damages during the earlier period. Further study is needed
to determine whether damages on an average annual basis have increased
in that magnitude over the entire Great Lakes shoreline.

The most significant conclu=ion that can be made is that it
is not possible to make a comprehensive factual survey and evaluation
of shoreline processes, effects, and damages without adequate
funds, technical staff and a suitable time framework for conduct
of the study.
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SECTION XIV

RECOMMENDATIONS

It is recommended that:

¢ The study of shoreland damages, resulting from the high vater
period beginning in 1972, be extended to the remaining 72 counties
bordering the U.S. shoreline.

* The study of the remaining counties be completed as quickly
as possible to avoid loss of information and to assure the relia-
bility of the data collected.

* It is recommended that the affected states and the involved
Federal agencies cooperate in better fulfilling the objectives
of the pilot study, including an evaluation of bluff losses,
bluff erosion, shoreiine flooding and erosion damage costs,
viability of protective works and effects of storm waves, as
related to regulatory effects and natural climatic factors, by
establishing a coordinated Federal-state program to meet these
objectives.,
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STATEMENT OF THE PARTICIPATING STATE MEMBERS OF THE
FEDERAL REGIONAL COUNCIL/GREAT LAKES BASIN COMMISSION
JOINT TASK FORCE ON REDUCTION OF SHORELAND DAMAGES

The Great Lakes Shoreland Damage Study has been a partnership
effort among the Corps of Ungineers and the States of Michigan,
Minnesota, New York, and Wisconsin. In our capacities as members
of the Joint Task Force we accept the results of this pilot study
as sumarized in Section XI, and we concur in the study recommen-
dations as stated in Section XIV.

/

Gene Hollenstein - Minnesota

T g T

William H. Lee - New York Ted Lauf = Uiscic’in

Enclosure 1







