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Executive Summary

Introduction

This Hazard Mitigation Plan (HMP) is the resultaofegional effort across Kent and Ottawa Counties a
includes the City of Grand Rapids, the City of Kembd, and various other local jurisdictions withire
counties. Local governments participated by reingwand supplying information about area hazards,
concerns and priorities, current prevention measwaad planned mitigation projects. This plan hesnb
updated from the “Pre-Hazard Mitigation Plan” thas approved by FEMA in 2006 and subsequently
adopted by the counties and by numerous localdiations within them.

The original 2006 plan was produced with the asstst of Tetra Tech, Inc., who had been contracted t
develop a hazard mitigation plan (HMP) by the GityGrand Rapids, Kent County and Ottawa County in
September, 2004. This updated 2011 edition waswad, revised, and produced by various officials,
representatives, and subject matter experts fraon@gs associated with the two counties and tbel |
sub-jurisdictions, as well as planning staff frome tMichigan State Police Emergency Management and
Homeland Security Division. A draft version ofghipdated plan was made available for public review
and posted online to provide an opportunities fddittonal feedback to be submitted by citizensaare
businesses, other stakeholders, non-profit orgaoima regional and academic institutions, and
neighboring communities.

Hazards

Hazard were selected for inclusion in this plarsdaaupon records of historical occurrence, knowksri
and guidance provided by the Federal Emergency §amant Agency and by the Michigan State Police
Emergency Management and Homeland Security Divisidrhe Hazard Identification and Overview
section examines the following hazards:

1. Extreme Temperatures

Ottawa County and Kent County enjoy a relativelynéartable climate throughout much of the year,
thanks to the moderating influence of nearby Lakehigan. However, the entire area does experience
significant extremes in temperature. When coupléith Wwigh humidity in summer and high winds in
winter, the effects of these temperature extreraesbe exacerbated and place human health and proper
at increased risk. Temperatures above 100 degrekkwaer than -20 degrees have been recorded in the
area. Statistical analysis indicates that 15 da&ysypar with temperatures of 90 degrees or higired, 12
days per year with temperatures below 0 degreeseRhbit, will be experienced on average in Kent
County. In Ottawa County, 13 days per year okasl 90 degree temperatures, and 6 days per ydar wi
temperatures below 0 degrees Fahreinheit, willdpeeenced, on average. Public education aboueieer
temperature hazards, early warning of impendingeext temperature events, and the availability of
cooling and warming shelters are some of the beaéfactions used to mitigate the impacts of these
hazards.

2. Thunderstorm Hazards (Hail, Lightning and Wind)

Thunderstorms are probably the most frequently wizgy natural hazards in Kent and Ottawa Counties.
Lightning, heavy rain, hail, strong winds and tlatemtial to spawn devastating tornadoes can kijlire

and destroy property. Even moderate thunderstormsdisrupt and inconvenience modern life. Because
of the regularity of severe thunderstorm weatheWiestern Michigan, those charged with public safety
continually work to improve the monitoring of anémmings about threatening weather. Educationattsffo
also need to continue to inform the public with Witedge of what to do before and during severe vezath

3. Tornadoes

Tornadoes occur in Michigan every year with grigularity. NOAA places most of Michigan’s lower
peninsula in the high-risk category. Damage frosséhviolent storms ranges from minor to devastating
Deaths and property loss are frequent by-productisese vicious winds. The Greater Grand RapidsAre
has experienced more tornadoes than most of tteetstia. Kent County is tied fof%place with two other
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counties as having experienced the most tornadoddichigan since 1950. In addition to casualties
directly caused by a storm, injuries can also odtwing rescue and clean-up efforts afterward.

Improved public education about tornado safetypugh community efforts and media coverage, have
increased the public’s awareness of potential llsziom tornadoes and their response to those dmzar
The National Weather Service has improved warrgagl times from six to thirteen minutes. Local TV ca
also provide advanced warning with Doppler radaudation and early awareness need to be continually
improved to mitigate tornado hazards.

4. Drought

Kent and Ottawa Counties are situated next to drieeoworld’s largest bodies of fresh water but stit
vulnerable to drought throughout the area. Evenntiid droughts experienced in Michigan can cause
significant hazards in a variety of ways. Besidesn@mic losses related to drought, the likelihobrash
and forest fires becomes an immediate concern. éroteym effects of drought are usually felt in the
agriculture area and can be mitigated to some ddgyerop and conservation methods. Federal assesta
programs are available to ease the economic ingpettte agricultural sector.

5. Severe Winter Weather (Blizzards, Snow, and Ice)

West Michigan is in the crosshairs of one of thggbist snow machines in the country—Lake Michigan.
Significant snowfalls and strong winds can oftefectf all the residents of Kent and Ottawa Counties.
Deep, drifting snows frequently disrupt normal lide at least slow travel considerably. Snow plowing
snow removal, vehicle damage from snow and iceazhascidents, and damage from ice storms have a
significant economic impact on the counties.

6. Shoreline Flooding and Erosion

Shoreline erosion is a natural process which isctétl by human activities on the west edge of Gitaw
County. The rate of erosion had slowed since the that the level of Lake Michigan had been reédyiv
low, and since shoreline protection had been adtlee.lake level has been returning to normal ireméc
years. Low levels had been causing shallow ddpthsarinas and river mouths, with a significant aap
upon shipping, marinas and watercraft.

7. Landslides

While landslides may occur in the bluff area of gmoreline of Ottawa County, the relatively flatréen
and ground cover of the area as well as otherfmctmmbine to form a low overall hazard from laidks
throughout the vast majority of the region’s lamdaa

8. Earthquakes

Earthquake hazard remains low for the entire Greatand Rapids area. The United States Geological
Survey predicts a 2% probability of an earthquaseuaing in the next 50 years which is capable exdkp
acceleration of 4% g (gravity). This might causendge and the possible collapse of certain unreiatbr
buildings constructed before 1940.

9. Wildfires

Wildfire in Kent and Ottawa Counties tends to ocoumpen areas of unmaintained grassland and dry
cropland. These surface fires are common alongwags] due to the nearly continuous presence of
ignition sources from passing vehicles and cigasett

10. Urban and Structural Fires

Structural fires may occur in any structure, sis ibgical that fire hazard increases as the canagéon of
structures increases. Structural loss is propaatitm population concentration. The greatest |lagsngial
is within the City of Grand Rapids.



11. Other Fires
Other types of fire may occur in places of oppatyyrbut generally the risk of other fires, suchthsse
involving scrap tires or landfills, is low throughiathe area.

12. Dam Failure Flooding

Ottawa County has seven notable dams. Six damsi@e as low hazard, one is rated as significazarta
and none are rated as high hazard. Kent Countyhirdsen notable dams. Five dams are rated as low
hazard, six are rated as significant hazard, andatw rated as high hazard. Kent County could éxpss

of life due to hazard posed by some dams.

13. Riverine Flooding

Riverine flooding tends to be exacerbated in thieagbme from a combination of frozen ground (ledde

to absorb precipitation), melting snow pack anddsug heavy rainfalls. Several riverine floods have
occurred in the Greater Grand Rapids area in tls¢ @0 years, causing significant economic impact.
Floodplain maps describe locations prone to flogdin

14. Urban Flooding
Urban flooding is a hazard in metropolitan area&odater Grand Rapids. Long term commitment to the
prevention of combined sewer overflow has and edghtinue to reduce this hazard.

15. Electrical Failures
Electrical infrastructure failure may occur anywdén Kent and Ottawa Counties due to local events o
distant events that affect the stability of thelgri

16. Communications Failures
Loss of communication infrastructure may occur amgwe in Kent and Ottawa Counties. Communication
is essential to the health and safety of residémtse study is necessary to ensure reliability.

17. Water System Failures

Loss of functional water system infrastructure vadomlost likely be secondary to loss of electricalvpn
Single point interruptions can be circumvented Witbped mains and linked systems. Redundancy and
backup components help assure outages can beyguéckedied. With adequate back up electrical sypply
loss of the water system caused by a natural disasems unlikely.

18. Sanitary Sewer Failures

Loss of sanitary sewer infrastructure can leadigaificant environmental, health and safety riskad
public health crisis by encouraging the uncheckenvth of pathogens. Flooding of structures and low-
lying areas may occur as a result of interrupteddior loss of lift stations. The system may also b
overwhelmed by extreme precipitation.

19. Natural Epidemics

Communicable disease is a threat to all Kent an@w@t County residents. Disease is more easily
transmitted between people in areas of concentgadpdlation, and in public gathering areas, schools
businesses, etc. Activities such as disease oltbneenitoring, vaccinations, education and other
mitigation programs help safeguard public health.

20. Hazardous Material Releases

The potential release of hazardous materials ewistsever that material may be located. Higher make
for release coincides with the location of storages at fixed facilities and along transportatrontes
such as major roadways and rail lines.



21. Transportation Accidents
Unsurprisingly, transportation accidents occur mioeguently in high traffic areas across the enkiemt
and Ottawa County area.

22. Nuclear Power Plant
Kent and Ottawa Counties do not have a nuclear pplaat within their boundaries, however, portiarfs
both counties lie within the 50 mile zone of comcEom the Palisades plant in Van Buren County.

23. Intentional Acts

Intentional human acts, such as terrorism, crimd, @vil disturbances, pose various degrees ofrdaiza
the entire area. Terrorism risk is higher in theromolitan Grand Rapids area as well as some atitic
infrastructure.

Risk Scoring Evaluation Measures

To profile and evaluate hazards, a set of 12 weitjetvaluation measures had been used to evaludte ea
hazard facing the community. The following list suarizes the 12 evaluation measures, listed in arfler
priority.

1. Historical Occurrence

Historical occurrence measures the frequency whichva particular hazard occurs in the area. Theemo
frequently a hazard event occurs, the more potetitexe is for damage and negative impact on the
community.

2. Seriously Affected Population

Seriously affected population refers to the nuntifgpeople in the County who can expect to be direct
affected by a particular hazard event, either beealhey receive physical injury, property damage,
economic hardship, or because their day to dayiae$ are severely disrupted because of severagem
to their community of residence or work.

3. Collateral Damage

Collateral Damage refers to the possibility of atipalar hazard event causing secondary damage and
impacts. For example, blizzards and ice stormsecaosver outages, which can cause loss of heathwhic
can lead to hypothermia and possible death or serigjury. Generally, the more collateral damage a
hazard event causes, the more serious a threba#aed is to a community.

4. Population Impact
Population impact refers to the number of caswal{deaths and injuries) that can be expected if a
particular hazard event occurs.

5. Economic Effects

Economic effects are the monetary damages incdroed a hazard event, and include both public and
private damage. Direct physical damage costs, #sas/@direct impact costs such as lost businadstax
revenue, are included as part of the total monetanyages.

6. Affected Area

Each hazard affects a geographical area. For exarapblizzard might affect the entire County, wlale
flood might only affect a portion of a communitylthough size of the affected area is not always
indicative of the destructive potential of the halzagenerally the larger the affected area, theemor
problematic the hazard event is on a community.

7. Duration
Duration refers to the time period the hazard eigamictively present and causing damage (oftenresfe
to as the “time on the ground”). Duration is novays indicative of the damage potential of a hazard
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event, however, in most cases the longer an egefactive” and causing damage, the greater thé tota
damages will be.

8. Availability of Warnings

Availability of warnings indicates the ease withigththe public can be warned of a hazard. This oreas
does not address the availability of warning systema community. Rather, it looks at the overall
availability of warning in general for a particulaazard event. For example, a community might wecei
warning that a flood will occur within 24 hours, tbteceive no warning when a large fire occurs.
Generally, hazards that have little or no availgbibf warning tend to be more problematic for a
community from a population protection and respataadpoint.

9. Speed of Onset

Speed of onset refers to the amount of time itcify takes for a hazard event to develop. Speazhsét

is an important evaluation measure because therfastevent develops, the less time local govertsnen
have to warn the potentially impacted populatiomgbropriate protective actions.

10. Seasonal Pattern

Seasonal pattern refers to the time of the yeawhich a particular hazard event can reasonably be
expected to occur. Some hazard events can ocamyatime of the year, while others occur primarily
during one particular season. Oftentimes, hazattene coincide with peak tourism seasons and other
times of temporary population increases, greatlyreasing the vulnerability of the population to the
negative impacts of certain hazard events.

11. Predictability

Predictability refers to the ease with which a ipatar hazard event can be predicted, in termsnod of
occurrence, location, and magnitude. Predictabitymportant because the more predictable a hazard
event is, the more likely it is a community will Bble to warn the potentially impacted populatiod take
other preventative measures to minimize loss efdifid property.

12. Mitigation Potential

Mitigation potential refers to the relative eas¢hwivhich the impacts of a particular hazard evemt be
mitigated through the application of structuralnen-structural (or both) mitigation measures. Gaihgr
the easier a hazard event is to mitigate, thedéssfuture threat it may pose to a community mmie of
loss of life and property.

Hazard Scoring

In order to rank the hazards from most severe thoebeast threat to the area, each of the 12 atialu
measures was assigned a specific point value of7,1@, or 1 point, based on each element’s relative
severity and negative impacts. The more sever@dhential impact from a hazard event, the moretgoin
that hazard was assigned.

Next, each evaluation measure was assigned a “Weighe purpose of weighting the 12 measures was to
stress measures that were deemed more importahtthias produce a more valid assessment of thewelat
significance of each hazard. All 12 measures wegighted, with the most important measure receigng
weight of 12, and the least important measure veagia weight of 1. When the point value of a patér
measure was multiplied by the weight, the measeceived more emphasis (points) than measures that
had not been assigned such a heavy weight. Inwthis a quantitative profile more accurately reftect
those areas deemed most important by experiencerjenty management personnel.

The following is a list of the hazard evaluationaseres and their assigned weights:
Historical Occurrence: 12

Seriously Affected Population: 11

Collateral Damage: 10



Population Impact: 9
Economic Effects: 8
Affected Area: 7
Duration: 6

Availability of Warning: 5
Speed of Onset: 4
Seasonal Pattern: 3
Predictability: 2
Mitigation Potential: 1

The quantitative result (score) for each hazaabtained by multiplying each measure’s benchmactofa
point value by the weight for each particular measthen totaling the points for all the measucesnd a
total hazard score. The results ranged from amim of 78 to a maximum of 780, and these were also
assigned appropriate values on a standardized fsoale to 100, for ease of interpretation.

Hazard Ranking

The total hazard scores determined each hazandksngg with the highest scores for hazards podirgg t
greatest threat to the most people in the Great@ndGRapids area. The following is a summary ofttial
hazard score results and the hazard rankings.

The ranking process is not intended to discounttltineat of any particular hazard, for those hazards
elaborated upon in this HMP all present significal@ments of threat to the Greater Grand Rapids. are
Rather, the hazard ranking process allows us tgpaoenthe hazards to each other, to determine which
hazards are the greatest threats to the greatadiemniof people in the region as a whole. This melaats

the hazards which have the likelihood of injuringkdling the most people in the area and caushmg t
greatest economic hardship across the greatesthaea received the highest ranking. For example,
shoreline flooding and erosion is a serious thtedahe homes and businesses located along thehladegs
but does not directly affect people living in inthareas. On the other hand, severe winter weatiobr as

a blizzard typically has a greater direct impaatrupommunities throughout the region.

Risk Assessment Score Ranking
Individual hazard risk assessment scores are ragieadest to least:

Raw Score Standardized Hazard

561 68.8 Severe Winter Weather

504 60.7 Electrical Failure

456 53.8 Tornado

447 52.6 Riverine Flooding

444 52.1 Communications Failure

435 50.9 Thunderstorm

411 47.4 Urban Flooding

408 47.0 Intentional Acts

393 44.9 Transportation Accidents

393 44.9 Hazardous Materials Release
390 44 .4 Urban and Structural Fire
384 43.6 Water System Failure

384 43.6 Dam Failure (Kent County)
381 43.2 Natural Epidemic

366 41.0 Sanitary Sewer Failure

357 39.7 Extreme Temperature

354 39.3 Dam Failure (Ottawa County)
342 37.6 Shoreline Flooding and Erosion
339 37.2 Nuclear Power Plant Accident
330 35.9 Wildfire
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327 35.5 Earthquake

321 34.6 Drought (all but Grand Rapids)
276 28.2 Other Fire

273 27.8 Drought (in Grand Rapids)

243 23.5 Landslide (all but Grand Rapids)
240 23.1 Landslide (in Grand Rapids)

The goal of the regional hazard mitigation platoiseduce the impact of hazards on citizen lifa|theand
economic well-being based upon a continuing hagakdand vulnerability analysis.

Goals

As a regional plan representing multiple agencrekjarisdictions, shared agreement exists abouhéeel

to mitigate the following top-priority hazards thughout the planning area. These goals have been
amended from the previous 2006 edition of this ptarmake them more focused upon hazard mitigation
actions, as follows:

1. Severe Weather — Timely alerts and notificatrdarmation will be provided to the entire regioarthg
periods of threatening weather. Efforts towardligidwareness and education about these hazaridsewil
encouraged and promoted, as resources permit.

2. Flooding — Efforts will continue to reduce thenmber of vulnerable structures in floodplain areas]
make any such at-risk properties less vulneralsléyrding, other resources, and the informed cadioer

of property owners permits. Included in these r&ffavill be coordination with area planning and
development agencies to discourage the furtherla@vent of property that would, through its locatiar
design, place any additional residents, businesgafars, or workers into any situation of undiskr

3. Communication Disruption — Continued reductiom&ommunication infrastructure downtime will be
sought and maintained, when possible.

4. Other hazard mitigation efforts — Other co$é&tive or convenient hazard mitigation opportwestivill

be considered and sought, as opportunities andineeso permit, to address any of the hazards caeside
within this plan to be significant in the regiondéer its subjurisdictions.

Action Plan and Priorities

1. Severe Weather
a. Survey needs and add sirens to regions as needed
b. Investigate and acquire new warning technolagy becomes available.
c. Consider (and encourage) construction technigndsstructural upgrades for weather resistance
(e.g. wind resistance, safe rooms, ice dam premerigak prevention, storm sheltering, etc.)

2. Flooding
a. Purchase eligible properties that are vulnerabliwoding, as funds become available.
b. Take measures to mitigate flood damage and eeduioerability to existing structures.
c. ldentify and enforce existing building and zaniregulations to limit and manage new
construction and alterations in floodplains, andemhfeasible, include flood considerations in
local and regional development plans; building pesrransportation and other infrastructure
projects and plans; and capital facilities planpoanstruction, and renovation.

3. Communications Disruption
a. ldentify infrastructure vulnerabilities.
b. Work with local utilities to develop a plan.
c. Implement measures identified in the plan.

4. Enhance, Strengthen, and Maintain Emergencyfibetion Systems Throughout the Region

5. All Communities to Consider NFIP Participationkdent County

6. Area Master Plan Updates to Consider Hazardgitibn Concepts and Actions

7. Other hazard mitigation strategies (specifieaoh hazard type, vulnerable system, or location)
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Hazard Summary Table — by Community

Ada Township (K) NFIP

Algoma Township (K) NFIP

Allendale Township (O) NFIP
Alpine Township (K) NFIP

Blendon Township (O) NFIP

Bowne Township (K)
Byron Township (K)

Village of Caledonia (K)

Caledonia Township (K) NFIP
Cannon Township (K) NFIP

Cascade Township (K) NFIP
Village of Casnovia (K)

City of Cedar Springs (K)

Chester Township (O) NFIP

City of Coopersville (O) NFIP
Courtland Township (K)

Crockery Township (O) NFIP

City of East Grand Rapids (K) NFIP
City of Ferrysburg (O) NFIP
Gaines Township (K)

Georgetown Township (O) NFIP
City of Grand Haven (O) NFIP

Grand Haven Township (O) NFIP
City of Grand Rapids (K) NFIP
Grand Rapids Township (K)

City of Grandville (K) NFIP
Grattan Township (K)

City of Holland (O) NFIP

Holland Township (O) NFIP

City of Hudsonville (O) NFIP
Jamestown Township (O) NFIP

Village of Kent City (K)

Kent County (K) (part NFIP)
City of Kentwood (K) NFIP
City of Lowell (K) NFIP

Lowell Township (K)
Nelson Township (K)

Oakfield Township (K)

Olive Township (O) NFIP
Ottawa County (O) NFIP
Park Township (O) NFIP

Plainfield Township (K) NFIP
Polkton Township (O) NFIP

Port Sheldon Township (O) NFIP

City of Rockford (K)

Robinson Township (O) NFIP
Village of Sand Lake (K)

Solon Township (K)
Village of Sparta (K) NFIP

Sparta Township (K) NFIP

Spencer Township (K)
Village of Spring Lake (O) NFIP

Spring Lake Township (O) NFIP
Tallmadge Township (O) NFIP

Tyrone Township (K)

Vergennes Township (K)

City of Walker (K) NFIP
Wright Township (O) NFIP

City of Wyoming (K) NFIP

City of Zeeland (O) NFIP
Zeeland Township (O) NFIP
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General Hazard Mitigation Objectives by Jurisdistiocommunity subsections have more items and yetail
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Communication
Consider NFIP
Infrastr. Strength

<| Flood mitigatio

Ada Township (K) NFIP
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Algoma Township (K) NFIP

Allendale Township (O) NFIP
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Blendon Township (O) NFIP

Bowne Township (K)

Byron Township (K)
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Village of Caledonia (K)

Caledonia Township (K) NFIP

Cannon Township (K) NFIP

Cascade Township (K) NFIP

Village of Casnovia (K) Y

City of Cedar Springs (K)

Chester Township (O) NFIP

City of Coopersville (O) NFIP

Courtland Township (K)
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City of East Grand Rapids (K) NFIP

City of Ferrysburg (O) NFIP
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Tyrone Township (K) Y Y
Vergennes Township (K) Y
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Wright Township (O) NFIP
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EMDs will evaluate changing conditions and inpuinfr interested parties, then suggest changes to the
existing plan. This strategy allows the existingied of the plan to be used as a benchmark whial be
modified in the future by simple editing. As futuplan proposals are developed they will be made
available to the public and other interested partigough meetings, public announcements or web sit
postings. Once an updated proposed plan is dea@|dpcal jurisdictions will consider adopting thieain
through resolution as long as they choose to paatie in the regional hazard mitigation plan.

Along with the counties themselves, all of the miwrivil divisions in the area (townships, cities)da
villages listed in the previous tables) are consideto be covered by, and participants in, thisoreas
plan. Their adoption of the finalized plan (whesatent has also been approved by FEMA) will bimal f
demonstration of their participation and commitmémthazard mitigation, and this official adoption
procedure will take place during 2012, on the patioth counties and all minor civil divisions.

Plan Implementation

Implementation of this action plan, pending fundimgere required, will be led by the three EMDs of
Grand Rapids, Kent County and Ottawa County (anéretappropriate will also include the relevant
representatives of other involved communities, sashKentwood, Plainfield Township, and Robinson
Township). Project implementation will be timelydaefficient once the necessary funding is obtained.
Acquisition of flood-prone properties would be odioated through appropriate local governments, as
specified in existing FEMA mitigation requirementsDeployment of warning systems would be
coordinated through the local emergency managediggttors, with the cooperation of local jurisdicts.
Installation of these systems would be contraatesl vendor, with a timeline negotiated to providenppt
improvement of the warning infrastructure. Studycommunication infrastructure reliability would be
coordinated by the local EMDs. Specific respotisibé and timelines would be arranged according to
“request for proposal” documents, to be develogedriding becomes available. A formal cost-benefit
analysis would be performed at approximately timaétin the process.

HMP Maintenance

This document will be reviewed by the emergency agament directors for Kent County, Ottawa County
and the City of Grand Rapids every two years arghtgd every five years per FEMA guidance. Ideally,
the HMP will be updated annually or as needed asrakined by the emergency management directors.
The EMDs shall develop reports and share informatiith each other each year within 30 days of the
anniversary of FEMA approval of this plan. Respbilisy for leading the coordination plan shall regth
Kent County.

Local jurisdictions, by agreeing to adopt this cegil hazard mitigation plan, will cooperate in the
maintenance of this plan according to FEMA guidargaegcal jurisdictions will also provide sufficient
resources in order to maintain this plan in ordenmeet FEMA guidance as long as they choose to
participate in the regional hazard mitigation plarhe EMDs, as part of their job responsibilitied] take
action appropriate to the needs of the public, dhas® this plan and any deficiencies which may be
identified.

Public Participation

The HMP will remain available on the county websiténput will be directed to the emergency
management director of each organization. The Elglzdl periodically solicit public input, using ihe
respective website links and other public annourcgswith an invitation for public input regardifig/P
evaluation and update. Based on their assessmém oésponse, the EMDs may also hold public mgetin
for the purpose of public input to the HMP. The EMWBIll not only target the general public, but mersh
of business, academia, special interest groups,ofimets who may offer valuable input. EMDs will
evaluate changing conditions and input from intexe@parites, then suggest changes to the existarg p
This strategy allows the previous edition of tharmpto be used as a benchmark which may be modified
the future by simple editing.
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Future projects may be identified by local jurisitios and integrated into the plan. Projects may be
submitted to the EMDs for inclusion in the updapéah. The EMDs will monitor project submissionseith
help to review and rank prospective submissiorthégplan. EMDs will make local planning committees
aware of updates. As future plan proposals areldped they will be made available to the publid an
other interested parties through meetings, pulilitoencements or web site postings. Once an updated
plan is developed, local jurisdictions will congidelopting the plan through resolution as longhesy t
choose to participate in the regional hazard niitgeplan.

Plan Integration

When approved, copies of this plan will be disttdzliby the EMDs to each participating townshipy,cit
and village in the two counties, since all the camities administer their own local zoning. Jurisidins
agreeing to participate in the use of this HMP tigito local resolution have local planning department
who will be responsible for consideration of thisIA in existing planning and development mechanisms.
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HAZARD MITIGATION PLAN: MAIN DOCUMENT

Introduction
This Hazard Mitigation Plan (HMP) is the result @fregional effort across Kent and Ottawa
Counties and includes the City of Grand Rapids, @iy of Kentwood, and various other local
jurisdictions within the counties. Local governrtseparticipated by reviewing and supplying inforioat
about area hazards, concerns and priorities, duprerrention measures, and planned mitigation pteje
This plan has been updated from the “Pre-HazarigMion Plan” that was approved by FEMA in 2006
and subsequently adopted by the counties and bgmuws local jurisdictions within them.

Planning Process

The original 2006 plan had been produced with $gstance of Tetra Tech, Inc., who had been
contracted to develop a hazard mitigation plan (BN the City of Grand Rapids, Kent County and
Ottawa County in September, 2004. This updated 2iitlon was reviewed, revised, and produced by
various officials, representatives, and subjecten&xperts from agencies associated with the tumtes
and their local sub-jurisdictions, as well as piagnstaff from the Michigan State Police Emergency
Management and Homeland Security Division. A dvafion of this updated plan was made availahble fo
public review and posted online to provide an oppaties for additional feedback to be submitted by
citizens, area businesses, other stakeholderspmdih-organizations, regional and academic ingtns,
and neighboring communities.

Numerous meetings were held to present the prajaticollect input. Many of the meetings were
open to the public, and attracted the participatibnonprofit groups, academia, business and govent
Additionally, the plan was posted on the Ottawa idadt County Emergency Management websites, at
http://www.accesskent.com/CourtsAndLawEnforcemdregrifsDepartment/sheriff_emergency.htmand
http://www.co.ottawa.mi.us/CourtsLE/Sheriff/emeroh¢tn, where public input was invited and contact
information was provided, for the sending of sugbuit.

Plans such as Emergency Action Guidelines (EA®€),2011 Michigan Hazard Mitigation Plan,
Robinson Township Flood Mitigation Plan, City of ifeood Hazard Mitigation Plan, and Plainfield
Township Hazard Mitigation Plan were reviewed, ayavstudies and technical information from local
jurisdictions and other interested parties. Apgilleainformation was considered and included in ghén.
Dam emergency actions plans were incorporatedti@csection detailing dam failure flooding. Exigtin
extremely hazardous site (EHS) plans were examui@dhe local emergency planning committee and
considered during development of the hazardousrialteections of this plan. While some existingna
are quite formal, such as the 50-Mile EmergencyiokcPlan for the release of radioactive materiairfr
the Palisades Nuclear Power Plant, other plans l@sssformal, yet still important and thus consadeimn
the development of this all-hazards plan. The Ig&alerican Red Cross has a plan to shelter tens of
thousands of people. The local health departmeas fiexible plans to immunize the entire populatio

A number of hazards such as flooding or dam collegre associated with specific geographical
areas of impact. In assessing the risks associathdthese hazards the committee evaluated current
building types, potential property damage and pakhoss of life within these areas. In additiom t
documenting the hazard mitigation plan, GIS (geplgi@information system) data is being collected on
the vulnerable structures within the hazard impaea as part of our ongoing GIS program.
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Each jurisdiction was asked to provide a point ofitact (POC) and then provide input, as
appropriate, for each of the 23 defined hazards.each hazard the POC was asked to describe current
hazard prevention efforts and planned mitigationjquts. The POCs and their organizations are ieclud
below, even though some of the contact informatiay go out-of-date before the next edition of fien:

HMP Points of Contact
KENT COUNTY AREA FIRE CHIEFS and ELECTED OFFICIALS

Revision: April 2011

ADA

Ada Fire Department

Chief Jim Duvall

6990 E. Fulton, P. O. Box 370, Ada, MI 49301

Telephone: (616) 676-2376, Fax: (616) 676-2173,dd:nuuvall@adatownshipmi.com

Ada Township Office

Supervisor George Haga

7330 Thornapple River Dr, P.O. Box 370, Ada, M| @93

Telephone: (616) 676-9191 ext 50, Fax: (616) 67635&-mail: ghaga@adatownshipmi.com

ALGOMA

Algoma Fire Department

Chief Steve Johnson

10531 Algoma, Rockford, Ml 49341, (Training Fatyili 10820 Edgerton, Rockford)
Telephone: (616) 866-2607, Fax: (616) 866-3832 (Jv#pmail: algomafire@charter.net

Algoma Township Office

Supervisor: Dennis Hoemke

10531 Algoma, Rockford, MI 49431

Telephone: (616) 866-1583, Fax: (616) 866-2649,dH:raupervisor@algomatwp.org

ALPINE

Alpine Fire Department

Chief Ronald Christians

841 Alpine Church Rd., Comstock Park, Ml 49321

Telephone: (616) 784-5750, Fax: (616)785-9115, H:mipine.fd@alpinetwp.org

Alpine Township Hall

Supervisor: Alex Arends

5255 Alpine Ave NW, Comstock Park, Ml 49321

Telephone: (616) 784-1262 ext 102, Fax: (616) 73341 E-mail: a.arends@alpinetwp.org

ALTO/BOWNE

Alto/Bowne Fire Department

Chief Philip Dougherty

6260 Bancroft, SE, P. O. Box 35, Alto, Ml 49302

Station phone: (616) 868-0439, E-mail: firechief@hetwp.org

Alto/Bowne Township Office

Supervisor Christian Wagner

8240 Alden Nash, P.O. Box 35, Alto, M1 49302
Telephone: (616)868-6846 Fax: (616)868-0110
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BYRON CENTER

Byron Township Fire Department

Chief Rog Steenwyk

8085 Byron Center Ave., SW, Byron Center, Ml 49315

Telephone: (616) 878-1222, Fax: (616) 878-3980,d#:ihondorp@byrontownship.org

Byron Township Office

Supervisor Audrey Nevins-Weiss

8085 Byron Center Ave., SW, Byron Center, Ml 49315

Telephone: (616) 878-1222, Fax: (616) 878-3980,dH:raudrey@byrontownship.org

CALEDONIA

Caledonia Township Fire Department

Chief Brian Bennett

8192 Broadmoor SE, Caledonia, Ml 49316

Telephone: (616) 891-0140, Fax: (616) 891-0430,dH:Mirechief@caledoniatownship.org

Caledonia Township Offices

Supervisor Bryan Harrison

8196 Broadmoor SE, Caledonia, Ml 49316

Telephone: (616) 891-0070 ext 211, Fax: (616) 82300 E-mail: bharrison@caledoniatownship.org

CANNON

Cannon Township Fire Department

Chief Jim Morris

6878 Belding Rd., Rockford, Ml 49341

Telephone: (616) 874-6056, Fax: (616) 874-8940,dH:rohief@cannontwp.org

Cannon Township Center

Supervisor Steve Grimm

6878 Belding Rd., Rockford, Ml 49341

Telephone: (616) 874-6966, Fax: (616) 874-8940,dH:rmgrimm@ cannontwp.org

CASCADE

Cascade Township Fire Department

Chief John Sigg

2865 Thornhills Dr., SE, Grand Rapids, Ml 4954®71

Telephone: (616) 949-1320, Fax: (616) 285-2330,dH:jsigg@cascade.twp.com

Cascade Township Offices

Supervisor Robert Beahan

2865 Thornhills Dr., SE, Grand Rapids, Ml 495471

Telephone: (616) 949-1500, Fax: (616) 949-3918,dd:mbeahan@cascadetwp.com

CASNOVIA

Casnovia Township Fire Department

Chief Dennis Smith

17569 Bailey Rd., P. O. Box 95, Bailey, Ml 49303

Telephone: (231) 834-7066, Fax: (231) 834-5705,d8:rmaz390@charter.net
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Casnovia Village Offices

President Rand Kahrs

141 N Main St, Casnovia, Ml 49318-9618
Telephone: (616) 675-4780, Fax: (616) 675-4780

CEDAR SPRINGS

Cedar Springs Fire Department

Chief Jerry Gross

66 S. Main St., P. O. Box 310, Cedar Springs, MB1D
Telephone: (616) 696-1221, E-mail: csfire@cmedic.ne

City of Cedar Spring

City Manager Kristine Burns

PO Box 310, 66 S. Main Street, Cedar Springs, M31490310

Telephone: (616) 696-1330, Fax: (616) 696-0202,d8:imanager@cityofcedarsprings.org

COURTLAND

Courtland Township Fire Department

Chief Mickey Davis

7480 — 14 Mile Rd., NE, Rockford, Ml 49341; NewbStation: 9535 Myers Lake Rd., Rockford 49341
Telephone: (616) 866-3511, Fax: (616) 866-3451,dH:firechief@courtlandtwp.org

Deputy Chief: Terry Welch, Phone: (616) 696-9643n&il: Deputy02@yahoo.com

Courtland Township Offices

Superviosr Chuck Porter

7450 — 14 Mile Rd NE, Rockford, MI 49341

Telephone: (616) 866-0622, Fax: (616) 866-3451,dH:roporter@courtlandtwp.org

CUTLERVILLE

Cutlerville Fire Department

Chief Russell Jansen

11-68th Street SW, Grand Rapids, Ml 49548

Telephone: (616) 455-7670, Fax: (616) 455-0221,dH:rofd@firehousemail.com , firemanr@gmail.com

Cutlerville Township Offices

Supervisor Don R. Hilton Sr.

8555 Kalamazoo Ave., SE, Caledonia, M| 49316

Phone: (616) 698-6640, Fax: (616) 698-2490, E-ndailt.hilton@gainestownship.org

DUTTON

Dutton Fire Department

Chief Russ Jansen

3411-68th St., SE, Caledonia, Ml 49316

Telephone: (616) 541-0119, Fax: (616)541-0120,d#:Mremanr@gmail.com, russelljansen@yahoo.com

Dutton Township Offices

Supervisor Don R. Hilton Sr.

8555 Kalamazoo Ave. SE, Caledonia, Ml 49316

Phone: (616) 698-6640, Fax: (616) 698-2490, E-naaih.hilton@gainestownship.org
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EAST GRAND RAPIDS

East Grand Rapids Public Safety

Chief Mark Herald

770 Lakeside Drive SE, East Grand Rapids, MI 49506

Telephone: (616) 949-7010, Fax: (616) 940-4829,dH#:imherald@eastgr.org

City of East Grand Rapids

Mayor Cindy Bartman

750 Lakeside Dr SE, East Grand Rapids, Ml 49506

Telephone: (616) 949-2110, E-mail: cbartman@eastyr.

City Manager Brian Donovan, 750 Lakeside Dr SE tEaand Rapids, Ml 49506
Telephone: (616)949-2110, E-mail: bdonovan@eastgr.o

FREEPORT

Freeport Fire and Rescue

Chief Jim Yarger

100 South State St, Freeport, Ml 49325

Telephone: (269) 838-5421 or (269) 948-3320 (B&wy), E-mail: FAVFD@SBCglobal.net

Freeport Township Offices
100 South State St, Freeport, Ml 49325
Telephone: (269) 838-5421 or (269) 948-3320 (B&wy)

GERALD R. FORD INTERNATIONAL AIRPORT
Gerald R Ford International Airport Fire Department
Chief Brian Kimball

5500 — 44th St., SE, Grand Rapids, Ml 49512
Telephone: (616) 233-6079, E-mail: bkimble@grr.org

CITY OF GRAND RAPIDS

Grand Rapids Fire Department

Chief Laura Knapp

38 LaGrave Ave., SE, Grand Rapids, Ml 49503

Telephone: (616) 456-3900, Fax: (616) 456-3898,dH:knapp@ci.grand-rapids.mi.us
Deputy Chief: Gary Szotko, E-mail: gszotko@ci.graadids.mi.us

Hazardous materials: Lt. Doug Carley, E-mail: dea@ci.grand-rapids.mi.us
Hazardous materials planner: Lt. Mary Johnson, B-mgohnson@ci.grand-rapids.mi.us

City of Grand Rapids

Mayor George Heartwell

300 Monroe NW, Grand Rapids, Ml 49503

Telephone: (616) 456-3168, E-mail: mayor@grcity.us
City Manager Gregory Sundstrom

Telephone: (616) 456-3166, E-mail: manager@graty.u

GRAND RAPIDS TOWNSHIP

Grand Rapids Township Fire Department

Director of Public Safety Bob Radakovitz

1836 East Beltline Ave., NE, Grand Rapids, Ml 4852

Telephone: (616) 361-7391 ext. 232, E-mail: chief@drapidstwp.org
Deputy Chief: Bob Versluys, Phone: (616) 361-73%1 230
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Grand Rapids Township Offices

Supervisor Mike DeVries

1836 East Beltline Ave., NE, Grand Rapids, Ml 4852

Telephone: (616) 855-5802, Fax: (616) 361-6620,dH:imdevries@grandrapidstwp.org

GRANDVILLE

Grandville Fire Department

Chief Harvey Veldhouse

3315 Wilson Ave., SW, Grandville, Ml 49418

Telephone: 530-6211, Fax: 530-4984, E-mail: veldleti@ cityofgrandville.com
Lt. Mike May, E-mail: maym@cityofgrandville.com

GRATTAN

Grattan Township Fire Department

Chief Lou Kirkbride

12134 Old Belding Rd. NE, Belding, MI 48809

Telephone: (616) 691-7404, E-mail: grattanfirecfalebmcast.net (or loucathyk@aol.com )

Grattan Township Offices

Supervisor Frank Force

12050 Old Belding Rd, Belding, MI 48809

Telephone: (616) 691-8450, Fax: (616) 691-8804,dH:raupervisor@grattantownship.org

KENT CITY

Kent City Fire Department

Chief Mike Rexford

P. O. Box 262, 218 E. Muskegon, Kent City, Ml 403®62
Telephone: (616) 678-4330, E-mail: kentcityfire@drnam

Kent City Village Offices

President John E. Petruska

P. O. Box 262, 218 E. Muskegon, Kent City, Ml 4903®R62

Telephone: (616) 678-7232, Fax: (616) 678-4256,dH:mkc.clerk@kentcitymi.org

KENTWOOD

Kentwood Fire Department

Chief James E. Carr

P. O. Box 8848, Kentwood, Ml 49518-8848

Telephone: (616) 554-0801, Fax: (616) 554-0799,dH:roarrj@ci.kentwood.mi.us
Deputy Chief: Brent Loman, Phone: 554-0797, E-mailmanb@ci.kentwood.mi.us

Kentwood City Offices

Mayor Richard Root

4900 Breton Ave SE, Kentwood, M| 49508

Telephone: (616) 698-9610, E-mail: mayor@ci.kentevpo.us

LOWELL

Lowell Fire Department

Chief Frank Martin

301 E. Main St., Lowell, Ml 49331

Telephone: (616) 897-8135, Fax: (616) 897-4074,dd:rohieffrankmartin@att.net
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Lowell City Offices

Mayor Jim Hodges

301 East Main Street « Lowell, MI 49331

Telephone: (616) 897-8457, Fax: (616) 897-4085,d#:ihodges@ci.lowell.mi.us

OAKFIELD

Oakfield Township Fire Department

Chief Don Riker

10300 — 14 Mile Road, Rockford, Ml 49341

Telephone: (616) 754-5122, Office (manned): (618)-3679, Fax: (616) 754-0989
E-mail: firechief@oakfieldtwp.org

Oakfield Township Offices

Supervisor William Dean

10300 — 14 Mile Rd, Rockford, MI 49341

Telephone: (616) 754-5679, Fax: (616) 754-0989,dH:mfo@oakfieldtwp.org

PLAINFIELD TOWNSHIP

Plainfield Township Fire Department

Chief David Peterson

4343 Plainfield, NE, Grand Rapids. MI 49525

Telephone: 361-2895, Fax: 364-1187, E-mail: chidb@fieldfire.org

Deputy Chief: Don Bigger, Jr., Phone: 293-9759, KV861-2895, E-mail: donbig@prodigy.net’

ROCKFORD

Rockford Fire Department

Chief Mike Reus (Captain: Rick VanHorn)

P. O. Box 561, Rockford, Ml 49341

Telephone: 866-1553, Fax: 866-3451, E-mail: mrews@@ord.mi.us

SAND LAKE

Sand Lake Fire Department

Chief Edward Holtzlander

32 — 5th Street, Sand Lake, Ml 49343

Telephone: 636-8854, Fax: 636-8511 (2nd Fax: 63B+34-mail: Ed_Holtzlander@Alticor.com

SOLON TOWNSHIP

Solon Township Fire Department

Chief Joyce VanderMey

2305 — 19 Mile Road, Cedar Springs, Ml 49319

Telephone: 696-1718 (town hall), Fire Station: ®&0, E-mail: Fire@solontwp.org

SPARTA

Fire Department

Chief Jerry Bolen

36 Elmwood Street, Sparta, Ml 49345

Phone: 887-0900, Fax: 887-5055, (Town Hall 887-3868B-mail: CHIEFBOLEN@aol.com (or
spartafire@aol.com or nbolen@aol.com)

Deputy Chief Richard Simons, Phone: 887-0136

Lt. Shawn Morton, Phone: 887-0900
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SPENCER TOWNSHIP

Spencer Township Fire Department

Chief Alan S. Wright

12131 — 18 Mile Road, NE, Gowen, M| 49326

Telephone: 984-2200, Work: 887-8088, E-mail: spestdief@charterinternet.com but urgent material
should instead be sent to 14420 Wabasis Ave., Cgatangs, MI 49319.

WALKER

Walker Fire Department

Chief William Schmidt

4343 Remembrance Road, NW, Walker, Ml 49534

Telephone: 791-6840, Fax: 791-6851, E-mail: bsch@w.walker.mi.us

WYOMING

Wyoming Fire Department

Chief Bob Austin

1250 — 36th St., SW, Wyoming, Ml 49509

Telephone: 530-7250, Fax: 530-3177, E-mail: Aus@@d.wyoming.mi.us (or millerc@ci.wyoming.mi.us)

OTTAWA COUNTY
Local Community Representatives in the Hazard Mitan Planning Process

The following persons attended at least one offdhe planning meetings that were held in August,@0
for the purpose of reviewing and updating this héuaitigation plan.

Michael Keefe (Allendale Township)

Jan Redding (Chester Township)

Jeannine Nyberg (Coopersville City)

Gary Dreyer (Crockery Township)

Roger DeYoung (Ferrysburg City)

Dan Hamming (Georgetown Township)

Julie Beaton, Rick Yonker, Joe Boyle, Dennis Edwdfdrand Haven City)
Paul Hascher, Jodi Syens, Chris Tinney, Matt Me@selland City)

Jon Mersman (Holland Township)

David Dahl, Richard Hohr, Patrick Waterman, Joharls (Hudsonville City)
Thomas Saladino, Jim Miedema (Jamestown Township)

Todd Wolters (Olive Township)

Gordon VanderYacht, Howard Baumann (Port SheldomnBbip)

Tracy Mulligan (Robinson Township)

Roger DeYoung (Spring Lake Village)

John Nash (Spring Lake Township)

Allan Brouwer (Tallmadge and Wright Townships)

JoAnn Becker (Wright Township)

Bill Gruppen, Tim Klunder (Zeeland City)

Also in attendance at one or more of these Ottaman€y meetings were Mike Mitchell of the American
Red Cross, Paul Geerlings and Mike Munch of the@at County Drain Commission, John Stuparits of
the Grand Haven-Spring Lake Wastewater TreatmeamntPBrandon DeHaan of Grand Valley State
University’s Police Department, Steve VanHoeven deht Rubley of the Ottawa County Road
Commission, Paul Sachs from Ottawa Co. PlanningliAd Hambley from Ottawa Co. Health, Keith Van
Beek from County Administration, and 9 additionarspns from the Ottawa County Sheriff's Office
(including Emergency Management personnel).
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Hazards were chosen based on historical occurrgnidance provided by the Michigan State
Police Emergency Management, internet researchl| iuergency response experience, and public input.
The Hazard Identification and Overview section exe® 23 individual hazards which are grouped in
seven main categories:

» Severe Weather
Extreme Temperature
Thunderstorm Hazards (Hail, Lightning and Wind)
Tornado
Drought
Severe Winter Weather (Snow, Ice and Blizzard)
* Geological Events
Shoreline Flooding and Erosion
Landslides
Earthquake
* Fire
Wildfire
Urban and Structural Fire
Other Fire
* Flood
Dam Failure Flooding
Riverine Flooding
. Urban Flooding
* Infrastructure Failure
Electrical Failure
Communications Failure
Water System Failure
Sanitary Sewer Failure
* Public Heath Emergency
Natural Epidemic
* Human-Induced Event
Hazardous Materials Release
Transportation Accident
Nuclear Power Plant Accident
Intentional Acts

Each of the 23 hazards has been analyzed in aasifoilmat. Each hazard is introduced and
summarized, followed by more detailed descriptidtiter a hazard is defined, historically signifitand
related events are detailed so that previous esqpazs might inform current preparedness, prevendiod
mitigation activities. A section on Risk/Likelihddollows. In cases where high frequency and rédiab
historical data exist, an extrapolated predictidnfuture occurrence is given. Otherwise, a non-
guantifiable estimate is presented. For this wgl&tMP, input from local jurisdictions and agendies
been incorporated into the appropriate hazard arsadgctions. Locally relevant information ha®dieen
included from the Michigan Hazard Mitigation PlaRinally, an overview of existing prevention progia
is given.

The hazard analysis section is a snapshot of thatisin faced by the Greater Grand Rapids Area.
An overview is provided, which is based on the coad summary sections for each hazard. The hazard
analysis also endeavors to measure the threatobf le@zard in terms of relative risk. As part oth
guantitative framework, one of four values is ase@jto several characteristics, and each charsited
weighted relative to the others. The risk scoringcpss includes an assessment of vulnerabilitycdbase
life safety, structural damage and economic |oB8e characteristics assessed are: Historical Oexacer
Affected Area, Speed of Onset, Population Impaatpriemic Effects, Duration, Seasonal Pattern,
Predictability, Collateral Damage, Availability @farnings, Mitigation Potential, and Affected Porida.
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The HMP is a regional document, so the Hazard Asisigection concludes with a regional score.
Hazard scoring for individual local jurisdictionshen significantly different from the region, arstéd on
the same page below the regional calculation.

Federal requirements call for the HMP to be reei@wnd, if necessary, revised every five years.
Those with comments or input may contact their @espe emergency management director or send input
via the contacts at the websites lftp://www.co.ottawa.mi.us/CourtsLE/Sheriff/femerchisin and
http://www.accesskent.com/CourtsAndLawEnforcemdrdrifsDepartment/sheriff_emergency.htm

The following lists document the meetings, and rtiparticipants, involved in this update of the kent
Ottawa regional hazard mitigation plan:

August 6, 2010 AM

9:00 Holland City Hall

SW Quadrant Meeting

Invited: Holland City, Zeeland City, Zeeland, Holland, Port Sheldon, Olive and Blendon Townships

Steve Van Houeven — OC Road Commission
Paul Geerlings — Drain Commissioner

Chris Saddler — OC Emergency Management
Bill Smith — OC Emergency Management Director
Roger DeYoung - Spring Lake

Mike Mitchell — American Red Cross

Kent Rubley — OC Road Commission

Gordon VanderYacht — Port Sheldon Fire Chief
Paul Hascher — Holland City BPW

Howard Baumann — Port Sheldon Township
Todd Wolters — Olive Township

Tim Klunder — Zeeland City

Jodi Syens — Holland City

Chris Tinney — Holland City

Matt Messer — Holland City

Adeline Hambley — OC Health Department

Lee Hoeksema OC Sheriff Department

Cal Keuning — OC Sheriff Department

Paul Sachs — OC Planning and Performance

August 12, 2010

1:30 PM Coopersville City Hall

NE Quadrant Meeting

Invited: Coopersville City, Tallmadge, Wright, Cheder and Polkton Townships

Mike Munch — Drain Commission

Steve Van Hoeven — OC Road Commission
Chris Saddler — OC Emergency Management
Bill Smith — OC Emergency

Jeannine Nyberg- Coopersville Volunteer
Dennis Luce - Sheriff's Dept.

Jan Redding — Chester Twp.

JoAnn Becker — Wright Township

Keith Van Beek — OC Administration
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August 18, 2010

10:00 Grand Haven City Hall

NW Quadrant Meeting

Invited: Grand Haven and Ferrysburg Cities, Spring Lake Village, Spring Lake, Crockery, Grand
Haven and Robinson Townships

Steve Van Hoeven — OC Road Commission
Chris Saddler — OC Emergency Management

Bill Smith — OC Emergency Management Director
Roger DeYoung - Spring Lake

Tracy Mulligan — Robinson Township Supervisor
John Stuparits — GH-SL Wastewater Treatment Plant
Jule Beaton — Grand Haven City

Rick Yonker — Grand Haven City

Joe Boyle — Grand Haven City

John Nash — Spring Lake Township

Dennis Edwards — Grand Haven City

Gary Dryer — Crockery Township Fire Chief

Mike Munch — Drain Commission

August 18, 2010

1:30 PM Hudsonville City Hall

SE Quadrant Meeting

Invited: Hudsonville City, Jamestown, Georgetown ad Allendale Townships

Dean Devries — OC Sheriff Department
Brandon DeHaan —-GVSU

Dan Hamming — Georgetown Township
Thomas Saladino — Jamestown Township
Michael Keefe — Allendale Township

Allan Brouwer — Wright Township

David Dahl — Hudsonville

Richard Hohr — Hudsonville

Patrick Waterman — Hudsonville

Bill Gruppen — Zeeland City

Jon Mersman — Holland Township

John Crumb — Hudsonville

John Ortman — OC Sheriff Department

Jim Scholma — OC Sheriff Department
Mike Bagladi — OC Sheriff Department

Jim Miedema — Jamestown Township
Steve Van Hoeven — OC Road Commission
Paul Geerlings — OC Drain Commission
Chris Saddler — OC Emergency Management
Bill Smith — OC Emergency Management

November 17, 2010
Grand Haven City Officials Meeting
8:30 AM Grand Haven DPS EOC

Chris Saddler — OC Emergency Management
Rick Yonker — GHDPS Captain
Denny Edwards — GHDPS Director
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Steve VanHoeven — OC Road Commission

Jim Bonamy — City of Grand Haven Finance Director

Nikki Schellenberg — City of Grand Haven Executhgsistant
Bill Hunter — City of Grand Haven DPW Director

Shawn Matson — City of Grand Haven DPW

Bonnie Suchecki — City of Grand Haven HR Manager
Tom Manderscheid — Harbor Transit Director

Sandy Katt — Community Affairs Manager

Joe Vanderstel — Grand Haven Water Treatment Rantger
John Stuparits — Grand Haven Wastewater Director
Annette Allen — Grand Haven Board of Light and Poianager
Wolverine Pipeline Representative

September 23, 2010
Holland City Departmental Meeting
9:00 AM Holland city Hall Training Room

Matt Messer — Holland City Police

Phil Meyer — City of Holland

Paul Hascher — Holland BPW

Cindy Osman — City of Holland

Steve VanHoeven — OC Road Commission
Jodi Syens — Holland Transportation Services
Brian White — City of Holland

Mat VanDyen — City of Holland

Gray Gogolin — City of Holland

Bill Smith — OC Emergency Management
April Abbatoy — Ottawa County

October 21, 2010
Holland City Departmental Meeting
10:00 AM Holland City Hall Training Room

Phil Meyer — City of Holland

Brian White — City of Holland

Gray Gogolin — City of Holland

Steve VanHoeven — OC Road Commission
April Abbatoy — Ottawa County

Chris Tinney — City of Holland

March 14, 2007 Meeting
Ottawa County Fillmore Complex

Al Vander Berg —OC Administrator

Gary Rosema — OC Sheriff

John Gutierrez — OC Road Commission
Kent Rubley — OC Road Commission
Steve VanHoeven — OC Road Commission
Paul Geerlings — OC Drain Commission
Mark Knudsen — OC Planning

Bret Laughlin — OC Road Commission

Bill Smith — OC Emergency Management
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March 18, 2007 Meeting
Ottawa County Fillmore Complex

Steve Van Hoeven- OC Road Commission
John Gutierrez — OC Road Commission
Paul Geerlings — OC Drain Commission
Bill Smith — OC Emergency Management

May 15, 2009 Meeting
Ottawa County Fillmore Complex

Kent Rubley — OC Road Commission

Mike Mikata — OC Road Commission
Steve VanHoeven — OC Road Commission
Bill Smith — OC Emergency Management

May 20, 2009 Meeting
Ottawa County Fillmore Complex

Collin Williams — Intern
Steve VanHoeven — OC Road Commission
Bill Smith — OC Emergency Management

March 16, 2011 Meeting
Kent County Emergency Management Office

Jack Stewart - Kent County
Beth Thomas- Ottawa County Emergency Management
Chris Saddler — Ottawa County

Jan-Feb 2011: Input process — 2006 Hazard analysisviewed by:

Jamie Bielinski — National Weather Service

Mark Walton — National Weather Service

Mike Moll — U.S. Department of Homeland Security
Dayna Partoer — Kent County Health Department
Kent County Drain Commission

Ottawa American Red Cross

Janine Klinge — STS hydropower

City of Grand Rapids Wastewater Department
City of Grand Rapids, Water Department

County Transportation Committee

County LEPC

March 30, 2011 Meeting
Kent County Emergency Management Office

Jack Stewart — Kent County

Gary Szotko — City of Grand Rapids

Mike Sobocinski — Michigan State Police Emergen@nisigement
Mitch Graham — Michigan State Police Emergency Mgnaent
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April to December 2011 research, input, contributims, state review:

Mike Sobocinski — Michigan State Police Emergen@nisigement

(including numerous contacts with county persoramel other local subject matter experts, to claaifig
revise the plan’s wording and organization)

Mitch Graham — Michigan State Police Emergency M@naent

June 2011 meeting

Paul Geerlings — Ottawa County Drain Commissioner
Janine Klinge — STS hydropower

Additional 2011 information from:

Jeff Henrickson (floodplain properties in Kent Cogn- Kent Co. Property & Mapping

Brodey Hill (locations of emergency sirens in K&uunty), Elliott Lowe — Kent Co. Info. Technology
Matt Groesser (Operations Manager, Kent) and Melgsnstein (Regional homeland security planner,
Kent) — updated contact information

29



Ottawa County
Jurisdiction Map

-

© Copyright 2003, ORawa County Legend

e Ottawa County, Michigan - __— W N—

o b —
i e Gt oy oy o Eton | Township [ y Port Sheldon Township
A1 190, 0 aendd. | Blendon Township Holland Charter Township Robinson Township
i B ot s 172 Chester Township [77] Hotland ity Spring Lake Tounship.
W owe, Mk 4450 - Miles [ | Coopersvite iy [ vudsonvitle City " Spring Lake Vilage
Erone (616)738.4600 .
P (a7 dons 0 1 2 4 6 8 Crockery Township Township Township
VoG s St 8
e | Ferrysburg City Olive Township. | Wight Township
Jan 13,2005 | Georgetown Charter Township Park Township | Zeeland Charter Township

30




Kent County, Michigan
[ village of
Sand Lake
Tyrone Township Solon Township Nelson Township Spencer Township
llage of Casnovia
D@nme of Kent City %jﬁ of Cedar Springs
Sparta Township
Villla Algoma Township Courtiand Township Oakfield Township
ciw@hf-;%'m
Alpine Township Plainfield Township Cannon Township Grattan Township
City of Walker jR G'.:.md Iis:::!iﬂs
L o~
% LL j Ada Township Vergennes Township
EL City of Grand Rapids E
TF Gity of East
| B Grh!g;l Rapids \ ﬁ@ :
‘ : V]
Erg::rl:i'll cmmwyomng& j Cascade Township Lowell Township
City of Kentwood
Caledonia Township
Byron Township Gaines Township Bowne Township

g

31



Community Profile

The City of Grand Rapids and the Counties of Kemd ®&ttawa are home to nearly 1 million
citizens, and it's easy to see why. The area isr@aiynlocated in terms of geography, economy aagdl.
Greater Grand Rapids is close to major U.S. marketsughout the Midwest. Located just a few hours
from Detroit, Chicago, Cleveland, and Toledo, iwighin a day’s drive of half the country’s popudat,
half its manufacturing base, and nearly half itaifesales.

Greater Grand Rapids, perhaps more than any ahenrits size, offers an incredible breadth and
depth of lifestyle options. Here is found a thriyiarts community, entertainment that runs from bal¢o
alternative music, plus a recreational playgrourith mumerous activities season after season. Grand
Rapids’ soul is expressed through its diverse rarigauseums, theater, events, and galleries attebge
more than 1.5 million people annually.

Greater Grand Rapids is a recreational wonderl&adling, fishing, swimming, waterskiing on
beautiful Lake Michigan, with its white sand beagh@nd the many inland rivers, lakes and strearakem
West Michigan a natural recreational haven. Thénglfoothills that edge the lake offer tennis,isgi
camping, hanggliding and golf. With more daily-fgelf courses than anywhere in the nation, except
California, Michigan is one of the world’s greatliggestinations.

Approximately 2,300 manufacturing establishmentsrage in the West Michigan area. These
companies possess a high level of engineering amdifacturing know-how, intellectual property, protu
design, and productive workers. Greater Grand Rapitiome to a diverse base of business and edncati
Unemployment is relatively low, while 20% of theputation over age of 25 holds at least one bactselor
degree and half of those hold graduate or profeabitegrees.

As the western link to the Michigan Life Sciencesri@@or, the Greater Grand Rapids area will
serve as a hub for technology and product developassistance as well as provide incubator space fo
biotechnology companies. The region has been taagd ? in the nation in biopharmaceuticals.

Greater Grand Rapids ranke®f among the top cities in the Midwest according tar&reneur
magazine and Dun & Bradstreet’ 8nnual “Best Cities for Entrepreneurs” survey cocgd in 2001. In
the top nationwide large cities category, Greatemn@ Rapids ranked 24 Criteria included the number of
businesses that are no more than five years addathount of small-business growth among businesses
with 20 or fewer employees, general economic grawigr a three-year period, and degree of busingss r
(cities with the lowest business failure rates).

Building on its strong traditions of entreprenenmjsinnovation, community involvement, civic
pride, family orientation, and a famous work eth@@rand Rapids and Kent and Ottawa Counties are
thriving, vibrant, and progressive. The land ugetlie area is generally residential, growing outiviaom
the three metropolitan areas of Grand Rapids, Mysk&rand Haven, and Holland. All three of the
metropolitan areas are growing into Ottawa Coundynfthe northwest, southwest, and the east. Lower
density residential areas occur in outlying areas agricultural use is still predominant in centdtawa
County and most outlying areas in Kent County. d_ase maps for both counties have been included in
this document, in the pages that follow.

All communities have authority over their own zamirat the township, city, and village level.
There is no county-level zoning.
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WEST MICHIGAN FACT SHEET 2009

(Adapted from information assembled and publishgd “bhe Right Place,” a regional economic
development organization for the advancement offlest Michigan economy. For completely up-to-date
population data from the 2010 census, please teftie pages following.)

POPULATION

City of Grand Rapids 193,167

Kent County 609,235

Grand Rapids Combined Statistical Area (Alleganirygalonia, Kent, Muskegon, Newaygo, and Ottawa
Counties) — Population 1,333,240

Ranking among 120 CSAs 32

Median age 35.23

Black alone 87,946 (6.6%)

Hispanic or Latino 100,560 (7.54%)

AGES (Combined Statistical Area)

Under 17 years 345,540 (25.92%)
18to 24 134,999 (10.13%)
25t0 44 364,625 (27.35%)
45 to 64 336,483 (25.23%)
65+ 151,593 (11.36%)
HOUSEHOLDS

City of Grand Rapids 72,338
Kent County 228,285
Grand Rapids-Muskegon-Holland Metropolitan StatedtiArea 490,452

INCOME—CSA

Average household income $61,300
Median household income $49,449
Per Capita income $22,880

HOUSING
Average apartment rent $636
Median owner-occupied housing value $129,714

TRAVEL TIME TO WORK (634,101 workers)

Less than 15 minutes 33.65%
15-29 minutes 41.22%
30-44 minutes 16.05%
45-59 minutes 5.10%
60 or more minutes 3.98%

EDUCATIONAL ATTAINMENT—CSA (25 yeasrs and older)

High school graduates, no additional education 332
Some college, or associate’s degree 30.63%
Bachelor’'s degree 14.76%
Graduate or professional degree 6.38%

BUSINESS—GRAND RAPIDS CSA 2008
Employment Base
Total 616,170 %
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Manufacturing 128,907 21.3%
Trade, Transportation, Utilities 107,570 17.8%
Health Care, Social Assistance, Educational Sesvice 84,854 14.1%
Professional and Business Services 76,405 %4.2.7
Government 64,191 11.6%
Leisure & Hospitality 51,296 8.5%
Financial Activities 27,548 4.6%
Natural Resources, Mining, Construction 26,541 4.4%
Other Services 24,174 4.0%
Information 7,537 1.2%
ESTABLISHMENTS—CSA
Total Private Businesses 108,301

Private Businesses with employees 27,573

Without employees 80,728
Manufacturers (with and without employees) 58,0
CIVILIAN LABOR FORCE—CSA
Civilian Labor Force 709,215

Employed 677,933

Unemployed 31,282 (7.3%)
CSA RANKINGS (compared to 120 CSASs)

Ranking

Populaton 32
Under 18 19
18-34 27
35-44 29
45-54 25
55-64 33
65+ 35
Employment 33
Mean Household Income 52
Income per capita 68

MAJOR PRODUCTS
Office furniture systems, auto parts, aerospackigtiial machinery, biopharmaceuticals, tool aresdi
plastics, commercial printing, electronic equipmetentific instruments, food processing.

TOP CSA EMPLOYERS

Spectrum Health 13,155
Meijer Inc. 10,840
Wal-Mart 4,662
Spartan Stores 4,440
Steelcase Inc. 4,300
Mercy General Health Partners 4,297
Alticor, Inc. 4,000
Herman Miller Inc. 4,000
Johnson Controls 3,959
Axios Incorporated 3,857
Grand Rapids Public Schools 3,478
Saint Mary’'s Health Care 2,800
Perrigo Co. 2,700
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Gentex Corporation 2,640

City of Grand Rapids 2,512
Alcoa Howmet 2,420
Metro Health Hospital 2,200
Haworth Inc. 2,194
Hope Network 2,100
Roskam 2,000
Fifth Third Bank 1,946
Grand Valley State University 1,899
Kent County 1,849
Lacks Enterprises, Inc. 1,800
Holland Community Hospital 1,750
Calvin College 1,708
Farmers Insurance Group / Foremost 1,700

CULTURE & ENTERTAINMENT
Museums
Gerald R. Ford Museum
Grand Rapids Art Museum
Grand Rapids Children’s Museum
Public Museum of Grand Rapids
Dance & Music
Blue Lakes Fine Arts Music Camp
Grand Rapids Ballet
Grand River Folk Arts Society
Grand Rapids Symphony
Opera Grand Rapids
St. Cecilia Music Society
Schubert Male Chorus
West Shore Symphony
Recreation
Biking: 288 miles of bike trails in West Michigdimcluding “rails to trails”)
Golf: The highest proportion of golfers in the U.S
Snow: Michigan has 5,600 miles of snowmobile $raihd dozens of downhill skiing resorts
Water: No more than 20 minutes from a lake orrrive
Sports Teams & Events
Griffins International Hockey League
Fifth Third River Bank Run
Muskegon Fury Hockey
Whitecaps Class A Minor League Baseball
Theater
Actors’ Theatre
Broadway Theatre Guild
Community Circle Theatre
Frauenthal Theatre
Grand Rapids Civic Theatre (one of the oldest euhsS.)
Heritage Theatre Group
Jewish Theater
Master Arts Theater
Spectrum Theater
Other Attractions
John Ball Zoological Garden
Lake Michigan beaches
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Frederik Meijer Botanical Gardens
Van Andel Arena

TRANSPORTATION

Gerald R. Ford International Airport: 8 Passengdatifes, 7 Cargo Airlines, approximately 2
million passengers. Major carriers: Air Canadalgegibint, American Eagle, Continental Express, Delta
Continental, Midwest Connect, Northwest.Northwestlidk, United/United Express. Approximately
260,000 pounds of air cargo pass through the didadly, totaling 95 million pounds per year.

Railroads: Amtrak, CSX, Grank Elk RR, Grand Rapidstern, Marquette Rail, Michigan Shore
RR, Mid-Michigan

CLIMATE
Average temperatures: January, 22.8° F; July MA;.4°
Annual Precipitation: 37.1 inches of rain, 71.9hes of snow

Population Information — from the new 2010 Census

KENT COUNTY OTTAWA COUNTY
188,040 Grand Rapids City 46,985 Georgetown Township
72,125 Wyoming City 35,636 Holland Township
48,707 Kentwood City 26,035 Holland City (partB$,051 totd
30,952 Plainfield Township 20,708 Allendale Township
25,146 Gaines Township 17,802 Park Township
23,537 Walker City 15,178 Grand Haven Township
20,317 Byron Township 14,300 Spring Lake Township
17,134 Cascade Township 10,412 Grand Haven City
16,661 Grand Rapids Township 9,971 Zeeland Township
15,378 Grandville City 7,575 Tallmadge Township
13,336 Cannon Township 7,116 Hudsonville Township
13,336 Alpine Township 7,034 Jamestown Township
13,142 Ada Township 6,084 Robinson Township
12,332 Caledonia Township 5,772 Blendon Township
10,694 East Grand Rapids City 5,504 Zeeland City
9,932 Algoma Township 4,735 Olive Township
9,110 Sparta Township 4,275 Coopersville City
7,678 Courtland Township 4,240 Port Sheldon Township
5,974 Solon Township 3,960 Crockery Township
5,949 Lowell Township 3,147 Wright Township
5,782 Oakfield Township 2,892 Ferrysburg City
5,719 Rockford City 2,423 Polkton Township
4,764 Nelson Township 2,017 Chester Township
4,731 Tyrone Township
4,189 Vergennes Township
3,960 Spencer Township
3,783 Lowell City
3,621 Grattan Township
3,509 Cedar Springs City
3,084 Bowne Township
602,622 COUNTY TOTAL 263,801 COUNTY TOTAL

The census includes the following village populasiovithin its counts for the townships in the hsti
above: Caledonia (1,511 in Caledonia Twp.), Casn@®19 in Tyrone Twp.), Kent City (1,057 in Tyrone
Twp.), Sand Lake (500 in Nelson Twp.), Sparta (@,t¥Sparta Twp.), and Spring Lake (2,323 in Spring
Lake Twp.)
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Kent Co. Land Use Map — 2003 Landsat

Red = Urban, Very Light Green = Agricultural, Greeforest, Tan = Shrub, Light Blue = wetlands,
Dark Blue = Water (From http://www.iwr.msu.edurffdoureau/fbupdate.htm)

37



Local Master Plan Composite Map
(Designations and Colors as Recommended by the Planning Department)
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Hazard Identification and Overview Process

The FEMA list of natural hazards was reviewed fpplecability to each jurisdiction’s area. The
selection of those hazards for discussion wasatifke of the region’s experience with those hazafdsa
result, the potential threat categories of avalancbastal storm, expansive soils, land subsidesgeami
and volcano were eliminated as not being relevaough to the region to include in this analysis.

Other hazards were identified as being of significeoncern to governmental units and were
therefore added to the modified FEMA list. They d&madly categorized as Infrastructure Failures
(including electrical, communications, water andaefailure types), Public Health Emergencies (raltu
epidemics), and Human Induced Events (includingatdzus materials releases, transportation accidents
nuclear power plant accidents, and intentional)acts

Each hazard begins with a basic summary of secfimna quick overview. The hazard is
described, affected areas identified, and its giatermpact discussed. Historically significant aredated
events chronicle the hazard’'s past human, econoamd, environmental impact. Where possible, the
hazard’s Risk/Likelihood is quantified, even if prds a rough estimate. Existing prevention progratns
local, state and federal levels identify currefib’s$ to mitigate or eliminate the hazard’s threat.
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Severe Weather Hazard Types

Extreme Temperatures

Summary

Ottawa County and Kent County enjoy a relativelynfartable climate year-round, thanks to the
moderating influence of nearby Lake Michigan. Hoamevthe entire area does experience significant
extremes in temperature. Coupled with high humiditgummer and high winds in winter, the effects of
these temperature extremes are exacerbated and planan health and property at increased risk.
Temperatures above 100 degrees and lower thane@@ek have been recorded in the area. Statistical
analysis indicates 15 days of 90+ degree days Ardhys of less than 0 degrees will be experieneet e
year in Kent County; in Ottawa County 13 days of @légrees and 6 days of less than O degrees. Public
education about these extreme temperature hazeady, notification of impending extremes, and the
availability of cooling and warming shelters aré @neficial actions in mitigating the impacts bese
hazards upon people.

Prolonged periods of extreme temperatures, whetkieeme summer heat or extreme winter cold,
can pose severe and often life-threatening probfem®sidents. Although quite different from eaather
in terms of conditions and impacts, the two hazatdse a commonality in that they both pose pdaticu
problems for the most vulnerable segments of sactbe elderly, children, impoverished persons, and
persons in poor health. Extreme temperatureslsamagatively impact livestock, crops, and wilglif

Hazard Description

Temperature extremes are the highest and lowegiet@tures recorded in a specific area. The
effects of these extremes on the human body asméet by humidity at higher temperatures and wind a
lower temperatures. These apparent temperaturdsltalsy the body are extrapolated from heat index
charts and wind chill charts.

Extreme heat is characterized by a combination arf/ \nigh temperatures and high humidity.
When these conditions persist over a prolongedgdef time, it is known as a heat wave. Severalthe
conditions can be caused by exposure to extrente Keat cramps are muscular pains that are caused by
an imbalance of fluids in the body because of dedtiah from heavy sweating. These cramps usually
involve the legs or abdominal musclddeat exhaustion is often the result of exercise or heavy work in a
hot place. Physical exertion causes a persorstflaids through heavy sweating. Blood flow te #gkin
increases, causing blood flow to vital organs torelase, leading to a mild form of shock. Symptoms
include dizziness, weakness, and fatigue. Heatuestton can usually be treated by drinking fluidsl a
staying in a cool place until the body temperatanel fluids return to normal.Heatstroke is a life-
threatening condition that results when a perstarigoerature control system, which produces swe#bing
cool the body, stops working. When this happehs, hody’s temperature can rise so high that brain
damage and death may result if the body is notecbguickly. Heat kills by taxing the human body
beyond its abilities. Fatigue sets in (80 to 90rdeg), followed by heat exhaustion (90 to 105 deg)re
then sunstroke or heatstroke (106 to 130 degrdesgr city areas have increased health risks when
pollutants become trapped in a stagnant atmosphbespoor, especially the elderly, are at additioisk
by having poor access to air conditioning. Extrelneat compounds diseased hearts and other health
problems.

Prolonged extreme heat can also have an economigcinon society, through (1) lost work, (2)
increased electricity usage, leading to brown-autdblack-outs, (3) drought conditions, (4) incehs
stress on farm crops, reservoirs, streams and,|@escreased stress on farm animals, pets, alaiifey
and (6) increased stress on infrastructure, armbommercial and residential buildings.

At the other end of the temperature spectrum, mdreold temperatures can become hazardous to
health and property. Extreme cold is characterizetkmperatures well below freezing, often accorigzhn
by strong winds. Like extreme heat, exposure tiveexe cold can create significant health problems.
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Hundreds of persons die per year across the U&result of extreme cold-related causes. Howewest
cold-related deaths are not the direct result eéZing, but rather the result of pre-existing Bsiend
diseases that are exacerbated by the extreme tatupgey. These illnesses include stroke, heartskse
and pneumonia.

But there are also some health conditions thatttaedirect result of exposure to extreme cold.
Frostbite is the freezing or partial freezing of some pdrthe body, usually occurring in the extremities
such as toes, fingers, ears, or nose. Frosthitdyreesults in death, but does damage the tidsaiehtas
been frozen, and in extreme cases may require atiprut A loss of feeling and a white or pale
appearance in body parts are symptoms of frostiitgpothermia is a condition brought on when the
body’s temperature drops significantly due to expedo cold. Hypothermia becomes serious when the
body’s internal temperature goes below 95 degredsdnheit. When the body falls below 90 degrees,
normal shivering reactions stop and emergencynresat is necessary. Symptoms of hypothermia include
uncontrollable shivering (when body temperatur@abeve 90 degrees), slowed speech, memory lapses,
frequent stumbling, drowsiness, and exhaustioneftfuntreated, or treated improperly, hypothercaa
lead to death. Unlike frostbite, hypothermia caous in a person who is exposed to only moderatelg
temperatures (even when indoors)—typically over@agmged period of time. Infants, the elderly, and
persons with conditions that do not allow theidies to heat normally are most susceptible tofthis of
hypothermia.

wind chill temperatures reflect the effects of waerehd cold, based on the rate of heat loss from
exposed skin. Wind chill does not affect inanimabgects such as car radiators or exposed wates pipe
because they do not cool below the actual air teatpe. As extreme cold and winds cool the skin,
frostbite can occur as the body tissue beginsdezf. Hypothermia occurs when a person cools to an
abnormally low body temperature (below 95 degreBsdse groups who are more at-risk from extremely
high temperatures tend to also be at risk fromeexély low temperatures.

The economic impact is also similar: (1) lost wdik), increased use of utilities, (3) increase stres
to farm animals, pets, and wildlife, (4) damagenfoastructure, particularly roadways and waterteyss,
and (5) disrupted transportation. Unusually cachperatures during the growing season, even if not
normally defined as “extreme” under other circums&s, can harm or destroy agricultural crops,
drastically reducing crop yields and thus causewnemic hardship for farmers and farming commusitie

Severe, extended below-freezing temperature mtre defined as when the air temperature or
wind factor temperature stays below 20 degreesdrbleit for 12 hours or more. Forecast predictiams f
these events average 85% accuracy. The tempergpimally dips below 32 degrees for 23 days in
January, 19 days in February, and 8 days in Mdrclur to six periods of extended, below-freezing
temperatures for more than 12 hours happen evergmin West Michigan.

Given the number of times per year that this ewentrs, the regional population is expected to be
self-sufficient for up to 48 hours. Severe, extehtelow-freezing temperatures cause the highelst ris
when partnered with another hazard such as sevamerwweather, transportation accidents, and
infrastructure failure.

Historically Significant and Related Events

Kent County is 28 miles inland from Lake Michigdrhe effect of Lake Michigan and prevailing
westerly winds influence the county’s weather tgreat extent. This lake effect increases cloudiaess
snowfall during the fall and winter, and moderdtestemperature during most of the year. OttawanGou
lakeshore areas are moderated to a greater exdspgcially during summer months when cooler
temperatures prevail and fewer thunderstorms dpvelo

Because the day-to-day weather is controlled byniloeement of pressure systems across the
nation, Kent County seldom experiences prolongedoge of hot, humid weather in the summer or
extreme cold during the winter. The maximum recdrdemperature was 108 degrees in 1936; the
minimum temperature was -24 degrees in 1899 (ajhaan unofficial temperature of -33 degrees was
reported in 1872). At the times of these extremasent heat index and wind chill charts were noase.
Undoubtedly, the effect on county residents wasigantly greater than the stand-alone temperature
would indicate.
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Average daily temperatures in Ottawa and Kent Counies (degrees Fahrenheit)

Holland Grand Haven Grand Rapids
Month Maximum Minimum Maximum Minimum Maximum Miniom
January 30.6 17.6 30.7 18.8 29.0 14.9
February 33.6 18.0 32.8 19.4 31.7 15.7
March 43.1 25.9 41.9 26.8 41.5 24.6
April 57.4 36.7 55.1 37.3 56.7 35.6
May 69.3 46.2 66.4 46.7 69.2 45.6
June 78.6 55.4 75.4 56.1 78.7 55.5
July 82.3 59.7 79.0 61.7 82.6 59.9
August 80.7, 58.4 77.7 60.8 80.9 58.2
September 74. 52.1 71.6 54.0 73.1 50.7
October 62.4 42.4 60.9 44.5 61.2 40.5
November 47.6 32.8 47.0 34.4 46.1 30.9
December 35.5 22.6 35.7 24.1 33.9 20.7
Annual 57.9 39.0 56.2 40.4 57.1 37.7
Average

Source: MSU Climatology Program

During the period from 1936 through 1975, nearlyORO people were killed by the effects of
extreme heat in the United States. The heat wau®®&® killed more than 1,250 people. Over the fst
years, an average of 237 people died each year freat in the U.S. The hottest summer in West
Michigan in recent years was in 1988, when tempegatexceeded 90 degrees for more than 30 days.
Relative humidities were low during this periodseg-like winds blew across the area.

Cold weather claims fewer lives than hot weathdvlichigan, but it is not unusual for Michigan’s
low temperatures to hover dangerously near zetth, afiernoon temperatures in the single digits.rAge
winds of 20 to 25 mph result in wind chills of 2025 degrees below zero. Good temperature re¢ords
the area go back at least 100 years. Throughe2@hCentury, the following records for extreme hot and
cold temperatures were set in Ottawa County:

105° F on July 4, 1921 (in Holland)

102° F on July 21, 1934 (combined with drought) anky 13, 1947

101° F on July 23, 1934 and June 20, 1953

-24° F on February 3, 1912 (in Holland)

-21° F on January 1, 1964 (the previous eveningdeg -16°) and December 15, 1917

-18° F on January 11, 1979 (in Holland)

-16° F on February 17, 1969 and January 16, 1972
The proximity of Lake Michigan tends to have a nmadieg effect upon Ottawa and Kent County weather.
Other areas of Michigan have more extreme recongpéeatures than reported here. However, the
potential for injuries from extreme weather evefaspecially from extreme cold) is present eveear,
since severe winter weather is an annual eveneged; year produces temperatures that are significa
below freezing. The following paragraphs give mdetail about the extent and impact of more recent
extreme weather events in Kent and Ottawa Counties.

A cold wave spread across Michigan in early Felyrd®96, with daytime temperatures in the
single digits and overnight lows from -15 to -3GeTextreme cold shattered rubberized roof membrames
several school buildings. The weather warmed dutiggfollowing two days, and one school in Grand
Rapids was forced to close when rain leaked thrahghdamaged roof for two days before repairs were
complete.

From April 6-10, 1997, unseasonably cold tempeestwccurred over a 5-day stretch and caused
crop damages. This resulted in a U.S. DepartmieAgadculture disaster declaration for Ottawa Caount
The next year, from June 1-9, 1998, severe cropagamagain occurred from an unseasonable cold spell
that dropped evening temperatures below freezipther U.S.D.A. disaster declaration was received
Ottawa County.
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Events milder than extreme cold temperatures dliingpact communities and property. The City
of Detroit experienced 250 broken water mains frd@ep frost in 2003-2004. Water from one of the
breaks affected telephone service to over a hurttvetes. At the same time, East Lansing’s avera@® of
water main breaks jumped to nearly 50, at a repast of $40,000. In Grand Rapids, frost had been
measured between 20 and 40 inches below the syifEreh 2003).

On December 27, 2007 the Gerald R. Ford airpott posver for 14 hours, stranding over 200
travelers in the airport while temperatures dropipeti8 degrees F. The Red Cross responded witlkeaant
services, including hot coffee and hot chocolatecks, and blankets for over 9 hours while powes wa
restored.

Early thaws followed by cold, and early frosts, adeo have an economic impact on crops,
particularly fruit trees.

Community Impact

Salt and chemicals used to de-ice roadways faidadk when temperatures drop below 15° F,
creating dangerous traveling conditions. Homepegaulations face an increased risk of frostbite avet
exposure leading to three or four deaths per y@hinathe regional jurisdiction. Extra strain ilaped on
the power grid when temperatures drop as familgestraditional and alternative heat sources. Extgnd
power failures create unsafe conditions for farsilhen homes become too cold to reside in. Darttage
homes from freezing and bursting water lines inegsa Alternative heating methods such as woodstove
and space heaters create an increased risk oénéisichouse fires.

The American Red Cross (ARC) coordinates with ott@mmunity resources during extreme
temperature events. Warming shelters and masmfgadtivities may need to be established for sibna
of loss of power or large-scale residential fifeaster deployment of resources and faster sheeming
times are needed when special needs clients apbs@t/that cannot be exposed to elements for egténd
periods of time. Both chapters of the ARC have tapacity to open and staff warming shelters
independent of each other, but extended shelteniag require shared resources. Both chapters are
prepared to respond to requests for shelters frovergment officials and emergency management
personnel.

Risk/Likelihood

By analyzing historical climate data for the Grd®apids area over the 30-year period from 1951
to 1980, the Michigan State Climatology Program éhexgeloped probabilities for extremes in tempegatur
The statistical data estimate that on average th@dsRapids area will experience 15 days each summe
with at least 90 degree temperatures. Note thae tiseno consideration of the Heat Index in thesta.d
The same summary also estimates that on averageahewill experience 12 days of zero or below-zero
temperatures each year. Again, note that there consideration of Wind Chill in these data.

Existing Prevention Programs

Historical data and improved forecasting methodgehenabled the National Weather Service to
better inform the public of impending weather riskhhe NWS has stepped up its efforts to more
effectively alert the general public and approjriatithorities to the hazards of heat waves accaeghéy
high humidity. An Excessive Heat Warning shouldigsied as the maximum heat index (HI) approaches
105 degrees, temperatures of 75 degrees or highebaerved or anticipated, and are expected ssper
for at least a 48-hour period. It is important wenthat HI values were devised for shady, lighhdwvi
conditions. Exposure to sunshine can increase Hiegaby up to 15 degrees. Also, strong winds,
particularly with very hot, dry air, can be extrdynkeazardous.

The NWS procedures involve: (1) the inclusion ofvdlues in zone and city forecasts, (2) issuing
Special Weather Statements detailing the hazaosetlat risk, and guidelines to reduce those rigRs,
assistance to state and local health officials@paring Civil Emergency Messages.

The National Weather Service also issues alertmglyreriods of extreme cold. A Wind Chill
Advisory is issued when the wind chill values falla range between -15 degrees and -24 degrees. A
Wind Chill Warning is issued when wind chill tempires fall to -25 degrees and below.
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The NWS implemented a new Wind Chill Temperatumgelnin 2001 which better calculates the
effects of cold air on humans. The new index overe® the old index’s inaccuracies.

In Kent and Ottawa Counties, the American Red Chassan extensive plan in place to provide
cooling and warming to citizens during temperateréremes. The ARC has 70 shelter agreements in
place, primarily in school facilities, retirementrhes and churches in a four-county area includiegtK
and Ottawa Counties. Detailed information on eadation is available to quickly identify shelter®sh
fitted to handle a given emergency. Many voluntéenge been trained to staff and manage thesetieili
If all shelters were placed in service at one timgndreds of thousands of persons could be sheltere
with an estimated 60 to 80% of these in Kent Cour{fiocumentation from 2011 reveals that the Ottawa
County Red Cross shelters alone have an evacustacity of 73,560.)
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Thunderstorm Hazards (Hail, Lightning and Wind)

Summary

Thunderstorms, including lightning, heavy rain,lhatrong winds, and the potential to spawn
devastating tornadoes, are probably the most fretyueecurring natural hazards in all of Kent antaa
Counties. Even moderate thunderstorms may dismgbtirconvenience modern life. But because of the
regularity of severe thunderstorm weather in Weastdichigan, it is incumbent on those charged with
public safety to continually improve monitoring, adysis, and warnings about threatening weather.
Educational efforts need to continue to inform plblic about what to do before, during, and aftarese
weather.

Hazard Description

A thunderstorm is formed from a combination of mais, rapidly rising warm air and a force
capable of lifting air, such as a warm and colaff@a sea breeze, or a mountain. Severe thundestan
bring heavy rains, strong winds (over 57 mph), laier 1), lightning, and tornadoes. Thunderstorms
may occur singly, in clusters or in lines. Thussipossible for several thunderstorms to affee loication
in the course of a few hours. Some of the morerseivepacts occur when a single thunderstorm affects
one location for an extended time. On averageWhited States gets 100,000 thunderstorms each year.
Approximately 1,000 tornadoes develop from thesenst. Thunderstorms can bring heavy rains (which
can cause flash flooding), strong winds, halil, fighg, and tornadoes. Lightning is a major threaind a
thunderstorm. In the United States, between 507@&wWmericans are hit and killed each year by ligign
Straight-line winds sometimes exceed 100 mph. &hemds are responsible for most thunderstorm
damage. Large hail results in nearly $1 billiordamage to property and crops annually across tlited)n
States.

Prevailing winds are from the southwest at 10 n@ther than tornadic winds, the highest wind
recorded in the county since 1950 was in NovemB8B;lat 100 mph. Also in the category of straigie-
winds is the derecho (day-RAY-cho). A derecho isvidespread severe wind event resulting from
persistent and violent outflow from an MCS (Mesdsdaonvective System). A severe wind is one with
wind speeds of 58 mph or higher at the surfaces@wends can reach 100 mph and last for up to 30
minutes. People most at risk from derecho windgtasse involved in outdoor activities. Campers ehsk
and people driving in cars are at risk from fallinges.

To summarize, the hazards resulting from these heeatvents related to thunderstorms include
flash flooding (heavy rains), electrocution (ligimm and downed power lines), personal injury frattirig
trees and debris (winds), power disruption (winds) property and crop damage (hail).

Historically Significant and Related Events

Thunderstorms occur frequently in West Michigamrrearly spring through late summer. From
1950 to mid-2011, NCDC recorded 201 thunderstormdwévents in Kent County and 137 in Ottawa
County, 120 hail events over %" in Kent County &2dn Ottawa County, and 13 lightning events in Ken
County, plus 7 in Ottawa. (Tornadoes will be aedeseparately, in the next section of this pla@rand
Rapids, Kent County and Ottawa County have expeeigitwo damaging derechos, in 1991 and 1998. The
Southern Great Lakes Derecho of 1991 caused 12ismil991 U.S. dollars in damage, killed one person
injured 12 and cut off electrical power to 853,3fi&tomers. Traveling at 60 mph, the derecho pratiuce
wind gusts to 84 mph in Grand Rapids. About 50 $avere damaged or destroyed, and many area fruit
growers lost more than half their orchards.

In the last two weeks of April, 1975, a series wfense thunderstorms struck southern lower
Michigan, spawning several tornadoes and causinigspread flooding over a 21 county area (including
the Grand Rapids region). Total public and privddenage was nearly $58 million. A Presidential dfaj
Disaster declaration was granted for the 21 aftectainties.

From July 15 to 20, 1980, southern lower Michigapezienced widespread thunderstorm wind-
related damages which were so severe that a Pnésidilajor Disaster Declaration was granted for 10
counties (including the Grand Rapids region). Mibr@n 300,000 electrical customers were left withou
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power—some for several days. During the recoveocgss, almost $6.8 million in public and private
assistance was made available to affected localdjations and to residents in the affected arefasur
million dollars in low-interest disaster loans wemeade available through the Small Business
Administration.

On April 14, 1994, lightning struck a televisiontamna and caused an attic fire at a Holland
residence. There were no injuries, but the damages estimated at $5,000. On June 13, 1994 niigipt
hit a tree next to a home in Park Township, destloglectrical equipment and appliances in the hame,
caused minor injuries to a child who was burnedth®y braces she was using. The estimated cost of
damages was $50,000 in that incident. Later thainser, on July 5, 1994, two homes in Allendale were
struck by lightning, causing an estimated $50,00@damages. During the following summer, on July 4,
1995, lightning struck a home in Holland and igditan attic fire that also caused smoke damagehter ot
parts of the house. Damages were estimated a@®1L5,

On April 12, 1996, hailstones of 0.75” diameter evezported by a weather spotter. The hailstones
covered the ground near Adams Street arfi ®@enue, in Zeeland Township. The next year'srator
events were also heavy hail producers. On May99,71considerable hail was reported in Jenison,
Zeeland, and Grand Haven, causing significant damages. From June 20 to 24, 1997, a hail storm
again caused crop damage and resulted in a U.Sddsaster declaration, with Ottawa County farmers
thus becoming eligible for low-interest federaliea Finally, on September 19, 1997, a strong storm
deposited hail with diameters of 0.75” and evemmagh as 1.25" near Grand Haven, Hudsonville, and
Jenison.

On April 21, 1998, lightning struck the roof of ause in Nunica and caused a fire that produced
$45,000 in structural damage, and a further $15i9@amage to the house’s contents. On May 6, 1898
man was critically injured by lightning at Springdse Park (in Jamestown Township). He was an Qitaw
County park employee. On the same day, reports’ afiameter hail came in from Ferrysburg, and a
house’s window was shattered by this hail. On Aily 1998, a three-bedroom house in Georgetown
Township was mostly destroyed by a fire that stevtben the home was struck by lightning.

A derecho in May 1998 crossed the lower part offWjan at 70 mph, toppling trees and power
lines, killing 4, injuring 146 and producing $172lfan in damage. About 860,000 customers in Migtrig
lost power, a new historical record; some wereadyiower for up to 10 days. Kent and Ottawa Countie
plus eleven other counties were declared a FedBsalster Area. Damage surveys in Spring Lake and
Walker suggested that winds there had reached spédd®0 to 130 mph, equivalent to an EF-2 tornétdo.
took up to ten days to restore power in Walker.a&raorth and northwest of Grand Rapids (the Rodkfor
area) received winds over 90 mph in the range &l tornado.
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The preceding map shows the area in Lower Michaffatted by the worst damage from the May
30-31, 1998 derecho. Red numbers are maximum neghsmind gusts in mph. Orange numbers are
estimated maximum gusts in mph based on a damageysby Grand Rapids NWS Forecast Office
meteorologists. Thirteen Michigan counties (notedliack lettering and within light blue border) wer
declared a Federal Disaster Area by the Federatdaney Management Agency (FEMA). The purple "S"
represents where a "seiche" took place on thereastere of Lake Michigan.

Area affected by the May 30-31, 1998 derecho eveatlined in blue). Curved purple lines
represent the approximate locations of the "gusitfrat three hourly intervals. "+" symbols indiedhe
locations of wind damage or wind gusts above selmits (measured or estimated at 58 mph or griater
Red dots and paths indicate tornado events. Argove Disaster declaration was given in early June

On May 17, 1999, a strong storm raced through Wtesied Central lower Michigan, bringing
with it severe winds, heavy rain, and large haiinélVgusts of 60-70 miles per hour downed numerous
trees and power lines, with peak wind gusts of @ill®s per hour recorded near Wyoming, Ml in Kent
County. On July 28, 1999, numerous reports ofddrail accompanied thunderstorms in Allendale, Gran
Haven, and Port Sheldon. Maximum hail sizes ranfgech 0.75” to as much as 2.00" The storms
produced winds of 60 to 70 miles per hour, whickwvded trees, limbs, and power lines, causing minor
damage to homes. Total property damages wereastinat $50,000.

On May 8, 2000, lightning from a severe thunderatoaused at least four fires in Ottawa County.
The most severe damage occurred when lightninglstam electrical transformer at a house next to a
sawmill in Grand Haven Township. Although the howgas saved, the sawmill burned to the ground.
Damage was estimated at $500,000.

The quality and detail of readily available recorsisnuch better for more recent years. Rather
than describing each event out of dozens, it méfjceuo state that the majority of damaging evemése
caused by thunderstorm winds, which typically cades@ages on the order of tens of thousands ofrdolla
per event in Kent and Ottawa Counties, severalgipe year. On June 12, 2001, from Cutlervill&&st
Grand Rapids, strong winds gusted and large hail veported. An estimated $100,000 in property
damage was caused, as several street signs asdwese blown down in Port Sheldon. In addition,
various power lines were down, especially in thgy ©f Allegan. Not counting tornadoes, this was th
largest of the damaging thunderstorm events bet&@66A and 2008, when it was approximately matched
in scale by the event of June 6, 2008 (the goveagoeed to a state of emergency declaration favw@it
County). About $100,000 in damage were causediadswcaused the collapse of a building that was
under construction in the area of Cascade Township.

On August 9, 2009, severe thunderstorms developes Ottawa and Kent Counties ahead of a
cold front, resulting in hundreds of trees beingwot down by 60 to 80 mph winds and taking down
numerous utility poles and wires. Fruitport took thrunt of the storm, with wind gusts of 70 to 8fhm
over a period of about 10 minutes. Tens of homeae Wweavily damaged by tree fall. Significant damexge
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apple orchards occurred west of Sparta. The stomplex also produced an EF-0 tornado that leftth pa
about 35 miles long and up to 9 miles wide. Darsagere estimated at $500,000.

On July 18, 2010, a NWS storm survey team conclutlatl a series of wet microbursts across
southwestern Kent county had produced wind gustgimg from 60 up to 80 mph, which brought down
several trees and power lines in the Wyoming antlie@iile areas and also flipped over and destro§ed
wood and metal sheds at a store near Cutlervillso,fa tornado damaged a home and broke or uprooted
several trees just northeast of Wayland. A roof Vifeed off of a garage in Wyoming, and a shed was
destroyed and some structural damage occurred éohome by wind gusts estimated up to 80 mph.
Damages were estimated at $150,000.

On September 21, 2010, various fire department&eint County reported that about a dozen
house fires were ignited, in an area from Ada soot@aledonia, by lightning strikes produced byesev
storms during the late afternoon. Damages wemmatgd at $500,000.

Risk/Likelihood

Ottawa County averages about 36 thunderstorm dayyggar, and Kent County averages about 34.
Many of these storms are not severe and do notcsgsificant damages, but it is expected that tver
course of any given year, at least one severe #ratafm will cause damaged, casualities, or power
failures. Some of these damaging storms do naraike meet the technical criteria to be classified
“severe,” but were still capable of causing harm.

NOAA has analyzed numerous data of severe weatleett®and generated probabilities of a given
event occurring within 25 miles of any point in theS. Their analysis shows that both counties teave
peak daily probability of 0.3% of experiencing thenstorm winds (>58 mph) in midsummer. The peak
probability of receiving hail (>3/4") is 1.2%, alsomidsummer. These numbers were generated fréan da
collected from 1980 to 1999.

Existing Prevention Programs

Public education on the hazards of thunderstormsgi® Weather Awareness Week) and early
awareness of the conditions for and the existeridbiunderstorms are the best line of defense agains
personal injury. The National Weather Service wescland warnings of severe weather continue to
improve in lead times and location prediction. ThEsprimarily due to advances in Doppler radar and
computer modeling of weather systems. The commtinggaof conditions and warnings have also
improved through radio, TV, the Internet, and wasd technologies.

Lightning protection may be integrated into struetu More information is available from the
National Lightning Safety Institute (NLSI) at wwightningsafety.com. The National Lightning Detentio
Network can improve safety by providing real-timetaland warnings at outdoor events. It can alsp hel
utilities decide how to dispatch repair crews wHigghtning occurs. Lighting continues to be the mos
common cause of electric failure. Some jurisdicidrave required hurricane straps and other building
code requirements.
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Tornadoes

Summary

Tornadoes occur in Michigan every year with grirgularity. NOAA places most of Michigan’s
lower peninsula in the high-risk category. Damdigan these violent storms ranges from minor to
devastating. Deaths and property loss are fredueproducts of these vicious winds. The Greatean@r
Rapids Area has experienced more than its shai@mmddoes. Although Genesee County has the highest
number of recorded tornadoes in modern Michigan,coynty, Kent is tied with two other counties
(Lenawee and Oakland) behind it, with 31 notabfeado touchtowns since 1950. Ottawa County had 18
tornadoes and one waterspout during that period.

Improved public education in tornado safety, thtoegmmunity efforts and media coverage, has
increased the public’s awareness of potential llgziom tornadoes and their response to those dmzar
The National Weather Service has improved warngzgl ltimes from six to thirteen minutes. Local TV
can also provide advanced warning with Doppler rad&ducation and early awareness need to be
continually improved to mitigate tornado hazardsjuries can also occur after a tornado, duringues
and clean-up efforts.

Hazard Description

The National Weather Service defines a tornado espally rotating column of air, extending
downward from the base of a severe thunderstoran,ishin contact with the ground or any objectdion
ground. Tornadoes are the violent offspring of therstorms which often develop in warm, moist air in
advance of eastward-moving cold fronts. These tarstdrms often produce large hail, strong winds, an
tornadoes. The tornadoes of early spring are afssociated with strong frontal systems that forrthian
Central States and move east. Occasionally, lantfereaks of tornadoes occur with this type of weath
pattern, as in 1974 and 2011.

Waterspouts are weak tornadoes that occur over watd are of two types. A non-thunderstorm
waterspout, which forms when cold Canadian air maweer warm water, poses some risk to near-shore
areas of Ottawa County. Once over land, they losehnof their strength and would not be of much
significance to Kent County. A waterspout thateleps from a severe thunderstorm over Lake Michigan
canmove onshore and track well inland, including et County area.

The intensity of tornadoes is categorized by thédndBiced Fujita Scale associating expected
damage with a range of wind speeds. The Nationahtkiée Service has also categorized tornadoes as
weak, strong and violent:

Weak Tornadoes (EFO to EF1)

* 69% of all tornadoes

* Less than 5% of tornado deaths
* Lifetime 1-10+ minutes

* Winds less than 111 mph

Strong Tornadoes (EF2 to EF3)

* 29% of all tornadoes

* Nearly 30% of all tornado deaths
» May last 20 minutes or longer

* Winds 111-165 mph

Violent Tornadoes (EF4 to EF5)
» Only 2% of all tornadoes

* 70% of all tornado deaths

* Lifetime can exceed 1 hour

» Winds greater than 165 mph
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The Enhanced Fujita Scale of Tornado Intensity

EF-Scale Number Intensity Descriptor Wind Speeph) Type/Intensity of Damage

EFO Gale tornado 65-85 mph Light damage. &alamage to
chimneys; breaks branches off trees; pushes oedipghrooted trees; damages sign boards.

EF1 Weak tornado 86-110 mph Moderate damablee lower

limit is the beginning of hurricane wind speed; Ipesurface off roofs; mobile homes pushed off
foundations or overturned; moving autos pushedheffroads; attached garages may be destroyed.

EF2 Strong tornado 111-135 mph Considerdblaage. Roofs torn
off frame houses; mobile homes demolished; boxpashed over; large trees snapped or uprooted; light
object missiles generated.

EF3 Severe tornado 136-165 mph Severe danikgef and some
walls torn off well constructed houses; trains twared; most trees in forest uprooted; heavy kel loff
ground and thrown.

EF4 Devastating tornado 166-200 mph Devaggati damage.  Well-
constructed houses leveled; structures with weakdations blown off some distance; cars thrown and
large missiles generated.

EF5 Incredible tornado over 200 mph Increglidhmage. Strong frame
houses lifted off foundations and carried considieralistances to disintegrate; automobile-sizediteis

fly through the air in excess of 100 meters; trdebarked; steel re-enforced concrete structurely bad
damaged. Incredible phenomena will occur.

Tornadoes in Kent County 1/1/1956 to 8/31/2010
Mag = Magnitude, Dth = Deaths, Inj = Injuries, P+[3 Property Damage, CrD = $ Crop Damage

Location Date Time Type Mag Dth Inj PrD CrD
KENT 04/03/1956 1815 Tornado F5 4 130 25K
KENT 07/01/1956 1400 Tornado F1 0 0 3K 0
KENT 04/16/1960 2340 Tornado FO 0 0 25K 0
KENT 09/22/1961 1630 Tornado F2 0 0 25K 0
KENT 04/11/1965 1710 Tornado F4 5 142 2.5
KENT 04/11/1965 1722 Tornado F4 0 0 0K 0
KENT 04/20/1966 1945 Tornado F1 0 0 25K 0
KENT 04/21/1967 1758 Tornado F3 0 32 25.aM
KENT 04/21/1967 1930 Tornado F2 0 0 25K 0
KENT 09/09/1968 1224  Tornado F2 0 1 25K 0
KENT 06/25/1969 2105 Tornado F1 0 0 25K 0
KENT 05/20/1975 1814 Tornado F2 0 1 250K 0
KENT 06/15/1976 1530 Tornado F1 0 0 25K 0
KENT 07/28/1976 1600 Tornado F1 0 1 250K O
KENT 07/24/1979 1730 Tornado FO 0 0 25K 0
KENT 07/09/1987 1035 Tornado F1 0 2 3K 0
KENT 09/06/1989 1317 Tornado F1 0 0 3K 0
KENT 09/06/1989 1345 Tornado F1 0 1 25K 0
KENT 09/14/1990 0811 Tornado F1 0 0 25K 0
KENT 09/14/1990 0827 Tornado F1 0 0 3K 0
KENT 07/07/1991 1745 Tornado FO 0 0 3K 0
KENT 06/17/1992 1500 Tornado F1 0 0 0K 0
Rckfd 08/19/1996 1640 Tornado F1 0 0 5K 0
Gville 05/21/2001 1335 Tornado FO 0 0 1008
CmtkP 05/21/2001 1429 Tornado F1 0 0 200K
PfldHts 05/21/2001 1440 Tornado FO 0 0 50K
Alpine 05/21/2001 1450 Tornado FO 0 0 75K0
Rckfd 08/13/2002 2030 Tornado FO 0 0 40K 0K 1
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Caledonia 9/23/2006 1645 Tornado FO 0 0 10K
Source: NCDC/NOAA

TOTALS:

30 tornadoes, 9 deaths, 310 injuries, $29,108,000epty damage, $30,000 crop damage

Note: Crop damage estimates appear to be a redditioa to assessing tornado damage, and thus have
most probably been understated in these data.

Tornadoes in Ottawa County 1956 to 2010
Mag = Magnitude, Dth = Deaths, Inj = Injuries, P+[3 Property Damage, CrD = $ Crop Damage

Location Date Time Type Mag Dth Inj PrD rDC
Ottawa 3/6/56 1630 Tornado F2 0 0 25K O
Ottawa 4/3/56 1605 Tornado F3 0 0 250K O
Ottawa 4/3/56 1755 Tornado F5 14 200 25M
Ottawa 6/22/57 1530 Tornado F2 0 0 25K O
Ottawa 9/22/61 1620 Tornado F2 0 1 25K O
Ottawa 4/11/65 1654 Tornado F4 0 0 25K O
Ottawa 9/4/65 1940 Tornado F2 0 0 25K O
Ottawa 7/12/66 0300 Tornado F2 0 0 25K O
Ottawa 6/17/75 1500 Tornado FO 0 0 25K O
Ottawa 3/12/76 1519 Tornado F1 0 1 250K 0
Ottawa 6/15/76 1500 Tornado F1 0 0 250K 0
Ottawa 5/13/78 1248 Tornado FO 0 0 0 0
Ottawa 8/9/79 2230 Tornado F1 0 0 250K 0
Ottawa 8/9/79 2310 Tornado F1 0 0 25K O
Ottawa 8/9/79 2330 Tornado FO 0 0 3K 0
Ottawa 7/9/87 1845 Tornado FO 0 0 3K 0
Ottawa 5/30/91 1844 Tornado F1 0 0 3K 0
Ottawa 6/17/92 1510 Tornado FO 0 0 0 0
Coopersville  4/11/01 1842 Tornado FO 0 0 0 0
Marne 5/21/01 1335 Tornado FO 0 0 50K O

Source: NCDC/NOAA

TOTALS:

20 tornadoes, 14 deaths, 202 injuries, $3,758,000epty damage, $0 crop damage

Note: Crop damage estimates are a recent adddi@sgsessing tornado damage. It can be assumed that
more such damage did occurr, even if not reflestedese data.

Injuries or deaths related to tornadoes most adtamur when buildings collapse, people are hit by
flying objects or are caught trying to escape. N8V says those who are at highest risk are (1)Ipenp
automobiles, (2) the elderly, very young, and thgspcally or mentally impaired, (3) people in mebil
homes, (4) people who may not understand the wgudhile to a language barrier.

An additional hazardous time occurs following antmio. A study of injuries after a tornado in
Marion, lllinois, showed that 50 percent of thentdo-related injuries were suffered during rescue
attempts, cleanup, and other post-tornado actvitiearly a third of the injuries resulted frompgtimg on
nails. Other common causes of injury included figlliobjects and heavy, rolling objects. Because
tornadoes often damage power lines, gas linedeotrieal systems, there is a risk of fire, electrioon, or
an explosion.

Historically Significant and Related Events
Michigan is on the far northern end of what metéagists call “tornado alley”, which runs from
the Texas panhandle north through the Midwest atw llower Michigan. Tornado alley often sees the
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greatest number of tornadoes each year. The loamingula of Michigan is in the high-risk category,
according to NOAA. Every county in Michigan has rse# least one tornado in the last 50 years. Since
1950, there have been 923 tornadoes recorded iniddic. The infamous Beecher (or Flint) F-5 tornatio
1953 killed 116, injured 844 and caused $125 nmill{@003 dollars) in property damage. It ranks ia th
U.S. top 10 list of killer tornadoes and was th& tarnado to kill over 100 people, until the 2@MEnt in
Joplin, MO.

Two tornadoes in Kent and Ottawa Counties in tisé 48 years have caused multiple deaths. In
1956, a category F-5 tornado struck first at Hugglen traveled northeast and plowed through bo#nK
and Ottawa Counties killing 14 and injuring 200h@tsources cite 17 deaths and 300 injuries. Od@r 7
homes were destroyed. In 1965, an F-4 tornaddéihorth side of Grand Rapids, killing five ancunmg
142 during the Palm Sunday outbreak. On April 265l a tornado injured 32 and destroyed $25 million
in property in Kent County. On May 21, 1967, tatoes classified as F2 and F3 resulted in more $@2&n
million in property damages, plus 32 injuries. MKarecent decades have fortunately not seen such
widespread human casualities from tornado events.

Some of the more damaging incidents in more regesits have included the following:
August 5, 1968: A Kent County F2 tornado causesigh®50,000 in property damage.
May 20, 1975: A Kent County F2 tornado causes afat0,000 in property damage, and one injury.
March 12, 1976: An F1 tornado in Ottawa County esuabout $250,000 in property damage, and one
injury.
June 15, 1976: Another Ottawa County F1 tornadaltes about $250,000 in damages.
July 28, 1976: A Kent County F1 tornado resultalout $250,000 in damages, plus one injury.
May 21, 2001: FO tornadoes at Marne, Grandville ather locations, plus Comstock Park (an F1 tornado
touchdown) resulted in an estimated total of $40G @ damages.
September 23, 2006: A tornado of EF-0 took plac&4Bpm near Caledonia, resulting in about $100,000
in property damage and an additional $20,000 ip damage.

Risk/Likelihood

An examination of tornadoes in both counties shithas damaging and killer tornadoes can strike
the area at any time of day, and most months ofy#a@. The numbers indicate that, on average, Kent
County will be struck by one tornado every two peand Ottawa County every 2.3 years. Howevergther
are periods with more tornadoes, followed by pexiofifewer tornadoes, making these probabilitiets no
deterministic in nature. It can only be said withttainty that tornadoes will be visiting the argaia, but
is cannot be predicted with any certainty whichrge®ill be more or less damaging than others.

Existing Prevention Programs

Public education and awareness are two means wémrag or minimizing death and injury. In
addition, building codes can improve the storm waoess of buildings and provide greater protectmn
occupants during a tornado. FEMA and NWS/NOAA haeatinually made educational information
available to enhance communities’ knowledge of dadm safety. FEMA suggests “HELP YOUR
COMMUNITY GET READY.”

The media can raise awareness about tornadoes dwdimg important information to the
community. Here are some suggestions:
1. Publish a special section in your local newspapt emergency information about tornadoes. Lizeal
the information with phone numbers of local emenyeservices offices, the American Red Cross and
hospitals.
2. Periodically inform your community of local pibivarning systems.
3. Sponsor a “Helping Your Neighbor” program at yéacal schools to encourage children to think of
those persons who require special assistance sugldexrly people, infants, or people with disaieitit
4. Conduct a series on how to protect yourselfrgdud tornado in case you are at home, in a cdheat
office, or outside.

The National Weather Service and local radio andstations have dramatically improved their
tornado watch and warning systems to alert theipubl potentially dangerous weather. The National
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Weather Service continuously broadcasts updatethee@arnings and forecasts that can be received by
NOAA Weather Radios sold in many stores. The aweragge is 40 miles, depending on topography. The
National Weather Service recommends purchasinglia that has both a battery backup and a tone-alert
feature which automatically alerts you when a watctvarning is issued.

Doppler radar has been a significant factor inKXhWgS effort to forecast and alert the public of
impending storms and tornadoes. In the past det¢hdeagency has increased its lead time for tornado
warnings from six to thirteen minutes. Broadcastthe Grand Rapids area make available a Doppdiar ra
system to monitor and track severe weather. Suelerage gives “street level” precision in alerting
viewers. The live display is also updated everg&€onds on websites.

Public warning systems, such as outdoor warnirensiand NOAA weather radios, are effective at
saving lives and communicating immediately. A figtiof Kent and Ottawa siren locations appearsis th
plan. Anchoring of manufactured housing is beingoemaged, as is structural bracing. Urban forestiy
tree maintenance can reduce the amount of flyibgisiand help maintain electrical power.
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Drought

Summary

Kent and Ottawa Counties are situated next to drileeoworld’s largest bodies of fresh water but
are still vulnerable to drought. The droughts eigrered in Michigan can cause significant economic
losses and the increased likelihood of brush amestdires becomes a concern. Longer term effefcts o
drought are usually felt in the agriculture areal aman be mitigated to some degree by crop and
conservation methods. Federal assistance programsawilable to ease the economic impact on
agriculturalists.

Hazard Description

A drought is a prolonged, abnormally dry period whieere is not enough water for users’ normal
needs. The definition of drought also varies byatmmn. For Michigan, blessed with the Great Lales,
moderate climate and vast reservoirs of undergrouatbr, drought may at first seem like a minimal
hazard. Mild droughts are common in Michigan, bewese droughts are less frequent and generally of
shorter duration. Nevertheless, periods of abnonatess in Michigan can have significant impact on
daily living in the areas of (1) higher risk of &t and brush fires, (2) commercial agriculturg¢ g&dens,

(4) agricultural supply businesses, (5) lake amerrievels, (6) Great Lakes shipping, (7) recrewtio
boating and fishing, (8) shallow water wells, (@getation, (10) wildlife and their habitats, (11)
hydroelectric power plants, (12) land use, and ¢I®ynstream impacts from watershed drought.

Most of these drought-related impacts are slownrerging and slow in retreating, except the
higher chance of brush and forest fires. They @nléssified into four types of drought as expearéshin
Michigan:

1. Meteorological: A meteorological drought is defil by the extent to which precipitation is below
normal, and for how long. Such a drought tendsetfob a relatively short period of time.

2. Agricultural: In this type of drought, moisturethe soil is no longer sufficient to meet the deef the
crops growing in the area. The water demand a d¢rap depends on weather conditions such as
temperature and relative humidity, its biologicahkmup, what stage of growth the crop is in, and the
physical/chemical makeup of the soil.

3. Hydrological: Hydrological drought deals withriace and subsurface water supplies such as water
tables and stream flow. Extended dry periods caluese supplies to drop below normal. This type of
drought usually does not occur at the same timthasthers, but instead lags behind. It takes lbnge
periods of time for the lack of moisture to showinplaces such as the ground water, reservoiraiel
levels. When this happens, hydroelectric powertpland recreational areas can be significantly otgzh
Though climate and weather are the main contrisutorhydrological drought, other factors can hawve a
influence: changes in landscaping, land use, aacctmstruction of dams. Such man-made changes may
not have a significant local impact, but regionswdstream certainly will be impacted during a
meteorological drought.

4. Socioeconomic: Socioeconomic drought refers batwoccurs when water shortages begin to affect
people and their lives. It associates economic geitid the elements of meteorological, agricultusaid
hydrological drought. It is different in that itgsed on supply and demand. The supply of gocgkiban
weather — water, food grains, fish, hydroelectriavpr, etc. — can normally meet a given demand in
Michigan. If water availability decreases or demandreases (e.g. due to population increases and/or
higher consumption), a socioeconomic drought mayioc

Historically Significant and Related Events

Some of the early droughts in the area took pladhe periods of 1871, 1895-1986, 1901-1902,
1904, 1914-1915, 1925-1926, and 1931. The worsigiibto occur lasted 29 months from 1930-1932.
The most recent drought occurred within a 10 meintke period from 2005-2006.

Michigan’s historically most extreme droughts ocedrabout once per decade, but the frequency
appears to be lessening, according to the 2011 ijtiohHazard Mitigation Plan. For many decades,
peaking in 1930, state-wide rainfall was much betmsmal, but that trend has reversed in recentdiexa
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The summer of 1871 was notable, because the sdweughts were associated with enormous wildfires
across the Midwest, including a fire in Hollandttdastroyed half of the city. 1904 was one ofdhest
years on record for Ottawa County—only 23.97 inobesain fell in Grand Haven during the entire year
In the 1930s, winter precipitation temporarily ested the drought, but subsoil moisture remained
abnormally dry. The most severe Palmer DrougheBgvndex readings for southwest Michigan arensee
during this period. Drought conditions were compaed by the extremely hot summer of 1936, when
many deaths were attributed to the heat. Thatgihoeventually ended by 1937. Because of the ggver
of this drought, 41 counties were recognized by Rbderal Drought Relief Administration as needing
assistance.

The drought of 1947-1950 was deemed moderate hieuState suffered significant crop damage
and thousands of acres of timber in northern Mighigvere destroyed by forest fires. Kent and Ottawa
Counties were somewhat impacted by the droughB®6211956, but to a greater degree by the drought of
1955-1959 when the Grand River basin streamflow® wess than normal. The longest drought since the
1930’s occurred in the Lower Peninsula during 126067. Many stream, lake and groundwater levels were
at or near record lows. Precipitation during 19683 was the least since 1931. Crops were severely
damaged in 1965 and several counties were destyateight disaster areas. A multi-state drought
(including Michigan) from 1986-1989 resulted fromegter than normal temperatures and uneven moisture
distribution. Streamflows were less than normafjaging stations statewide. The drought affectecewat
use throughout the State.

In 1996, Ottawa County was granted a disaster gema for drought by the U.S. Secretary of
Agriculture, based upon the period from June ldpt&nber 21, making farmers eligible for low-intre
federal loans. From January 1 to September 308,1@&tawa County received relatively little
precipitation, and again received a drought disaktelaration from the U.S. Department of Agrictdtu

Risk/Likelihood

Droughts tend to follow two periods of recurrennet(cycles)—meteorological and hydrological.
As mentioned above, meteorological drought refers trelatively short-term period of below normal
rainfall. Such periods occur from time to time amaoh last from a few weeks to a few months. Durhig t
time, deep soil moisture and water tables are eptenished, possibly leading to or extending a
hydrological drought. A hydrological drought hasoager recurrence period, lasting from a few ydars
decades.

Kent and Ottawa Counties are located in Climateidiim number 8, which historically has had
only 44% of its years go by without any month ré&gigig as a drought month. Thus, 56% of the years
between 1895 and 2010 involved at least one moiithanPalmer drought index equal to or less tha. -2
Viewed in another way, 79.7% of all months betw&885 and 2010 were drought-free. That Southwest
Michigan climate division has never reached a Palméex as low as -7.0, according to monthly and
annual data from the U.S. Drought Monitor, but base as low as -6.0. An exceptional drought is a
Palmer number of -4.0 or below, so Kent and Ott&wainties have experienced very serious drought
conditions in the past.

Existing Prevention Programs

Rainfall and stream flows are constantly monitoregorded and analyzed by the National
Weather Service/ NOAA, the U.S. Geological Survag the U.S. Department of Agriculture. Each week
the USDA, NOAA, the National Drought Mitigation Gen and the NCDC update the current drought
conditions across the country. The NDMC offers dtdwpreparedness advice for individual states.

Drought preparedness plans contain three criticalponents: (1) a comprehensive early warning
system; (2) risk and impact assessment procedaresb;(3) mitigation and response strategies. These
components complement one another and represeémnitegmnated institutional approach that addressés bo
short- and long-term management and mitigatioreissit the current time, the State of Michigan doats
have a formal drought preparedness plan. The NaResources Conservation Service makes available
water, land and crop management information to éasnand ranchers to create their own drought plan.
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In the event of drought-related (and other) natdisdsters, the USDA makes available a number
of assistance programs, including direct paymeartsy insurance, emergency loans, and other assestan
programs to communities. Of particular interesthis availability of technical assistance to localtev
resource agencies for watershed protection planning

In Kent County, the local USDA office monitors teetent of weather-related events in the area to
determine if a disaster condition exists. In theecaf drought-caused crop losses, local acreadpsyaad
crop quality would be assessed using national aljmi@l statistics. From these data, dollar losaes
computed to determine eligibility for Federal rélie

Crop Advisory Team (CAT) Alerts by field agents aspkcialists identify what information needs
to be disseminated to growers and through web fate//www.ipm.msu.edu/aboutcat.htrand printed
newsletter information to address concerns.

According to Environmental Working Group (www.ewgyp farm disaster payments to Ottawa
and Kent County farms from 1995-2003 were $4,79% 8nAd $3,558,937 respectively, or a total of
$8,353,511. This amount represents about halfefthual loss. Payments are formulated based dkemar
value minus the first 35%, which is absorbed by der. Of the remaining 65%, several factors are
applied to calculate the payment. These varialleg ¢he remaining 65% to roughly 50%. Therefohe, t
actual loss over the time period is approximatdlgM. It is important to note that these paymenésraot
only for drought events and some cover losses fithrar causes.

56



Severe Winter Weather (Snow, Ice and Blizzard)

Summary

West Michigan is in the crosshairs of one of thggbst show machines in the country — Lake
Michigan. Significant snowfalls and strong windsbme an ever-present danger to all residents of Ken
and Ottawa Counties. Deep, drifting snows freqyeatiect the entire area and disrupt normal lifeo\8
plowing, snow removal, vehicle damage from snow i@eecaused accidents, and damage from ice storms
have a significant economic impact on the counties.

Hazard Description

Winter in Michigan brings a number of hazards imisas forms: precipitation, wind, and cold
temperatures. Nature is adept at mixing these dignés in various proportions to bring risk in sofoam
to every resident of the State. West Michigan ipeemlly vulnerable to heavy snows and blizzard
conditions due to Lake Michigan. There, west ta easflows find a ready source of moisture to gate
vast amounts of snow. Coupled with arctic-chillégl animpeded while crossing the lake, lake-enhdnce
and lake-effect snows can quickly create blizzanedations, close roadways with shoulder-high drifisd
bring normal life to a standstill. Precipitationnges in a variety of forms, each with its own paidac
hazards:

Snow flurries: Light snow falling for short durations. No accuation or light dusting is all that
is expected. Roadways can become slick even withllsamounts of snow. Automobile accidents
frequently occur early in the snow season whenetsithaven't become acclimated to driving on snowy
roadways.

Snow showers Snow falling at varying intensities for brief pmis of time. Some accumulation is
possible.

Snow squalls Brief, intense snow showers accompanied by strgngty winds. Accumulation
may be significant. Snow squalls can rapidly affestbility and threaten driving conditions.

Blowing snow. Wind-driven snow that reduces visibility and casisignificant drifting. Blowing
snow may be snow that is falling and/or loose soovthe ground picked up by the wind. Again, driving
conditions can rapidly deteriorate in blowing snow.

Blizzards: 35 mph or greater winds with snow and blowingvemeducing visibility to below %
mile and lasting for 3 hours or more.

Other types of precipitation can bring additionak&rds to Michigan’s wintery mix. These events
can happen any time conditions are right, but npasticur in late fall/early winter and late wintexr'ly
spring.

Sleet Rain drops that freeze into ice pellets beforching the ground. Sleet usually bounces
when hitting a surface and does not stick to objedbwever, it can accumulate like snow and cause a
hazard to motorists and pedestrians.

Freezing rain: Rain that falls onto a surface with a temperatew freezing. This causes it to
freeze to surfaces, such as trees, cars, and rdéawcsing a coating or glaze of ice. Even small
accumulations of ice can cause a significant hazard

Ice storm: Heavy accumulations of ice can bring down tre¢s;trical wires, telephone poles and
lines, and communication towers.

Communications and power can be disrupted for ddyke utility companies work to repair the
extensive damage. Even small accumulations of i@y mause extreme hazards to motorists and
pedestrians.

Everyone is potentially at risk during winter st@nThe actual threat depends on a person’s
specific situation. Recent observations indicagefeiowing:

Deaths related to ice and snow:

* About 70% occur in automobiles.
» About 25% are people caught out in the storm.
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Deaths related to exposure to cold:
* 50% are people over 60 years old.
* Over 75% are males.

» About 20% occur in the home.

Additional snow and ice related risks include:

* heart attack while shoveling snow

« falling on icy walkways

* frostbite

* accident damage to vehicles (54,000 accidentéichigan in 2003 occurred when roads had ice, soow
slush.)

* broken trees limbs, power lines, telephone lines
* disrupted utilities

« flooding from the melting of snow and ice

« roof damage from ice build-up and snow loads
* increased stress to livestock and wildlife

Historically Significant and Related Events

Lake-effect snow is generally accompanied by stmimgls which can drop large amounts of snow
inland. Lake-enhanced snow can also be heavygehbdstto fall closer to Lake Michigan. This is retkd
in the average seasonal snowfalls for Holland areh@ Rapids (less than 30 miles apart) from 1950 to
1980. During that time, Holland averaged 96.9 iscbé snow; Grand Rapids 78.2. During this same
period, Holland’s greatest seasonal snowfall of ibédes in 1969/1970; Grand Rapids’ was 144 inames
1951/1952. January is the area’s prime month fowsall.

In early March, 1976, an ice storm struck the LoWeninsula, accompanied by high winds and
tornadoes, and affected a 29 county area, resuitingPresidential Major Disaster declaration fattarea
(including the Grand Rapids region). This stormswae of the worst to ever hit the State of Michiga
causing over $56 million in damage, and widesppeader outages.

In late January, 1977, a snowstorm affected vadiops of the Michigan's Lower Peninsula.
Winds of blizzard proportions resulted in the esiea drifting of snow, blocking many roads. Many
residents were isolated in rural residences omdad in public shelters. The storm resulted in a
Presidential Emergency declaration for 15 countieduding the Grand Rapids region.

On January 26-27, 1978, a severe snow storm sthecklidwest, and Michigan was at the Center
of the storm. Dubbed a “white hurricane” by someaumologists, the storm measured 2,000 miles by 800
miles and produced winds with the strength of allkmaricane and tremendous amounts of snow. The
Grand Rapids area was a victim of this massiversas well. In Michigan, up to 34 inches of snow ifel
some areas, and winds of 50-70 miles per hour gitedv into huge drifts. At the height of the stoiin,
was estimated that over 50,000 miles of roadwayevidocked, 104,000 vehicles were abandoned on the
highways, 15,000 people were being cared for insnselters, and over 390,000 homes were without
electrical power statewide. Two days after thersté0% of the state’s road system was still blocket
snow, and the storm resulted in a Presidential Bemay Declaration for the entire state to provide
assistance with snow clearance and removal opegatio

The National Climatic Data Center (NCDC) keeps rdsmn snow and ice events. From 1993 to
mid-2011, they reported 119 events in Ottawa Coanty 96 events in Kent County. The events include
lake effect snows, heavy snows, winter storms,sioems and freezing rain. Note how despite Kent
County’s larger land area, the lake effect causkidtarical record of many more events in Ottawai@gp.
These snowl/ice events caused a total of about Z82llion in property damage (but since this data
source often lists these events as regional cesidé, not all of that damage was necessarily wikent
and Ottawa Counties alone).

On February 25, 1994, an intense snow burst caasethd eight inches of snow to fall across
most of the Grand Rapids metro area. Snowfall rateme to two inches an hour, for a period to two
three hours, were common and resulted in blizzardlicions. Winds of 15 to 25 mph with frequent gust
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to 35 mph combined with temperatures around 20Frasdlted in wind chill values of 10 to 20 degrees
below zero. Considerable blowing and drifting oé tfalling snow resulted in near-zero visibility and
numerous multi-vehicle accidents on Interstate 8@ d.S. Highway 131. As a result, sections of these
highways were closed for hours during the stormthie@ Grand Rapids area, numerous injuries were
reported, including two fatalities. Scores of peopiere stranded as the storm hit during the midtithe
day. The Kent County International Airport was edsfor an hour during the height of the storm, for
plowing.

On December 28, 1995, some freezing rain and sleeted slippery roads in Ottawa and Kent
County followed by heavy snowfall that blanketed #ntire area during the afternoon and evening. The
community of Lowell experienced a total power oetéasting for six hours, due to icing on a mairlin

On March 2, 1996, lake effect snow squalls dropgpéatal of 5 to 9 inches of snow in Ottawa and
Kent County, while strong winds reduced visibiliti® near-zero.

From November 9 to 12, 1996, lake effect snow acdated to depths of 12 to 20 inches near the
Lake Michigan shoreline in Ottawa County. Highwagws were able to keep interstates and primary
roads open but, overnight on the 10th and 11tht m®esondary roads were impassable. School closings
were the norm and numerous businesses shut doven liesst some shifts.

On December 20, 1996, heavy snow rapidly becamedakanced and dumped storm totals up to
20 inches into central Ottawa County. Schools waosed for up to two days in some areas. Some
secondary roads were blocked until road crews cgetddontrol of the situation.

During a three day period from January 10 to 137]1%eavy snow was reported in Ottawa and
Kent County for snowfall totals of at least 12 iashin all areas. In neighboring Allegan County, shew
was measured at 28 inches on Friday evening andch@s by Saturday afternoon. Schools were used as
emergency shelters for stranded motorists througtinguaffected area. Secondary roads across #fleof
area were blocked from Friday night into Saturdagl aterstates were also closed for a few houns fro
late Friday into Saturday. Accidents occurred atrtite of 50 to 100 per day for each county, froen1tOth
through the 12th.

An early season snowstorm crossed the Grand Rapgdson October 26, 1997, dumping 2 to 8
inches of heavy, wet snow. Because of the sigmifiamount of foliage still left on trees, the adaezight
of the heavy snow caused many trees and tree l@anclbreak, resulting in numerous power outagds an
reports of property damage from downed trees. At lieight of the storm, over 195,000 electrical
customers were left without power in the Grand Rapirea alone. Because of the widespread power
outages (some of which lasted 36-72 hours), siseltere established in several Kent and Ottawa Gount
communities to care for senior citizens and othveteerable to the cold. The storm forced the clesafr
many schools and businesses throughout the impanted

In the early morning hours of January 2, 1999¢were winter storm moved across the Grand
Rapids area. The storm grew in intensity and gregucing record or near-record snowfall that daédc
much of the southern Lower Peninsula by the laeniyg hours of January 3rd. High winds and frigid
temperatures created blizzard conditions that daatgil late in the day on January 4th in some srea
Subsequent storms over the next several days duampadditional foot of snow in many areas of tlagest
including the Grand Rapids region, resulting inwefadl of historic proportions in several Michigan
communities. Combined, these winter storms produbedvorst winter conditions to hit Michigan since
the statewide blizzard of January 1978. A PresiderEmergency Declaration was granted for 31

thus making available Federal snow removal assistamder the Federal Emergency Management
Agency’s (FEMA) Public Assistance Grant Program.

On November 20, 2000, the first snow storm of thasen for the Grand Rapids area was a
combination event, featuring snow with the storselit followed by lake effect snow as much colder a
moved in behind the system. It was an Alberta eighat moved into lower Michigan. As westerly aald
air continued to move in, a dominant lake effeavgiand was set up from Muskegon to Grand Rapids
during the evening hours. This band produced arde2d hour snowfall of 11.5 inches at the National
Weather Service Office in Grand Rapids, breaking ¢hd record of 10.4 inches. Lake effect snow
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continued through the night and during the morringrs of the 21st, where 1 to 2 feet of snow fedbas
parts of Ottawa County. Neighboring Allegan Courdgeived 24 inches.

In the early morning hours of December 11, 200€g\zere winter storm moved through the state,
inflicting its heaviest effects on the southern lesWweninsula, once again including the Grand Raguiels,
before moving out of the state on the morning otdémber 12th. The storm produced record or near-
record 24-hour snowfall levels in many areas ofltbever Peninsula, paralyzing the entire region.Hig
winds and frigid temperatures created blizzard @@t that lasted until late in the day on Decenitfth
in some areas. Another series of winter stormdat@wving week dumped an additional foot or morewn
across southern Lower Michigan, increasing mangsate two feet or more. The tremendous snow depths
caused a host of public health and safety conartss the region. The snow fell at such a steaidyin
many areas that public works crews worked at mamincapacity for two weeks just to keep pace. The
weight of the accumulated snow caused numerousps@Ed roofs on homes and businesses, as well as
house fires when water from melting snow and i@psd into electric meter boxes. The winter storins o
December 2000 produced the worst winter conditi@nkit Michigan since the statewide blizzards that
occurred in January 1978 and January 1999, andedsitted in a Presidential declaration for Ottawa.

From December 23-27, 2001, Grandville (in Kent Gguneceived 26 inches of snow. Up to 15
inches of snow fell in Grandville in less than Z#ubs and around 24 to 26 inches of snow fell twted
band from Grandville southwest to neighboring AfilegCounty.

Even more lake-effect snow redeveloped on the @8 continued through the ®9roducing
additional snowfall of 8 to 22 inches across theaad 2 to 18 inches of snowfall was common acress t
City of Grand Rapids area. There was also a nastdw of around a foot of snow that fell about 2e
inland from Ottawa County. These were the finalsdaf moderate to heavy lake effect snow which had
persisted through the week. Storm total snowfaltskd all previous records for snowfall in one wéek
several locations across southwest Michigan. Gridadsnded up with 70.2 inches of snow for the week
which was the greatest reported snowfall total serime area. The National Weather Service Forecast
Office in Grand Rapids (Kent County) had a stormaltenowfall of 50.6 inches for the week. Generally
speaking, the heaviest snow accumulations for teekvoccurred along the US-131 corridor from Grand
Rapids down through neighboring Allegan County, rehtevo to four feet of snow fell.

From January 29-30, 2002, severe winter weatheéereat much of the lower Peninsula (including
the Grand Rapids area) for two days during the @ndanuary 2002, bringing a foot or more of snow,
mixed with sleet and ice. Schools were closed,soaere flooded, several vehicle accidents werertegp
and many residents were left without power.

On March 2, 2002, a winter storm produced heavywsacross most of southwestern and south
central lower Michigan, dumping anywhere from 12 &inches of snow to the north and west of thektra
of the low pressure system. Snow developed wellatwetad of the low pressure area during the early
morning hours of the 2nd and continued throughdéine Once the low pressure area passed by to she ea
lake-enhanced snowfall began. Approximately 16 @scbf snow fell across Ottawa and western Kent
counties.

On January 22, 2003, heavy lake-effect snow deeelagrross the lakeshore county of Ottawa.
Since winds were primarily out of the north, thewiest snow was confined to the immediate lakeeshor
areas. 12 to 16 inches of snow fell from just saft&rand Haven to the west side of the city ofladudl.

On February 12, 2003, an Alberta clipper movedubghoand produced heavy snow across western
lower Michigan. The heaviest snowfall report waseieed from Walker (Ottawa county), where 14 inches
of snow fell. A large swath of anywhere from 6 1 ibhches of snow fell across other parts of Ottawa
County as well as Kent County. There were alsolimea reports of a foot or more of snow receivethia
two counties.

From April 3-5, 2003, a major ice storm affectedamwf southern lower Michigan, including the
Grand Rapids area, causing hundreds of thousanpisople to lose power. The weight of the ice braugh
down thousands of trees and limbs and hundredeweéplines. Many people across the area lost power
for several days and some who lived in outlyingaarevere without power for a week. The ice storm
resulted in several million dollars worth of damageoss the area. It was one of the biggest igenstto
affect lower Michigan in the last 50 years.
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The National Weather Service reported: “January42@@monstrated what winter can do in
Michigan. The state plunged into the cold Arcticas temperatures fell well below the average. Noos
snow storms moved through the state leaving masttilens with one of the snowiest January on record.
By the end of the month, the cold and snow gavehnwlid_.ower Michigan its deepest snowpack in about
10 years.” On January 27, 2004, six to ten incesnowfall occurred across much of Lower Michigan,
including the Grand Rapids area. Up to 14 inchesnofv accumulated northeast of Grand Rapids alone.
Several accidents were reported during the day.

On November 24, 2004, a potent winter storm brobglatvy snow and wind across south-central
lower Michigan on November the 24th on the day keefbhanksgiving. Precipitation began as rain along
the 1-94 corridor but then changed to snow by adomoon. Snow become moderate to heavy during the
early to mid afternoon hours, when snowfall ratesanm to three inches an hour were reported atdime
Moderate to heavy snow continued into the earlynange hours before gradually diminishing overnight.
The snowfall at Grand Rapids was the third hea2dghour snowfall on record (9.7 inches of snow was
recorded between noon and midnight). Eight to elemehes of snow were reported in a band in Kent
County. East Grand Rapids reported the heaviealt sobwfall (eleven inches). Ten inches of snow was
reported in Wyoming.

From January 21-22, 2005, a potent Alberta cligystem, in combination with a strong upper air
system, produced heavy snow across central andesoutower Michigan. It resulted in the fifth heast
24-hour snowfall on record in Grand Rapids, wh&&"1of snow fell in a 24 hour period.

On February 16, 2006, a major ice storm developgdsa much of central lower Michigan
producing around a quarter to a half-inch of iceuatulation between Route 10 and 1-96. Thousands of
homes lost power north of Grand Rapids and margsadel not have power for three to five days. There
were numerous reports of downed trees and powes &l across that area.

On February 3, 2007, the combination of lake eféaxtw and snow already on the ground, as well
as very strong winds, resulted in blizzard condgiacross western lower Michigan on February 3 T
maximum snowfall total for a 12 hour period washeimches, and the maximum snowfall for a 24 hour
period was 12 inches. The highest snowfall totaltfe entire event was 17 inches in Grandville. The
Gerald R. Ford International Airport in Grand Rapieéported visibility at or under a quarter of denain
February 3rd and numerous other observation sitesss far western lower Michigan also reported
blizzard conditions. The majority of locations withwo counties of the Lake Michigan shoreline népod
sustained winds of 20 to 30 mph with gusts to adoé® mph during the late morning and afternoon siour
of the third. The blizzard conditions resulted unmmrerous road closures, power outages and numeapus ¢
accidents.

On February 10, 2008, a blizzard event involvedmalmnation of extreme cold, frequent gusts up
to 40 mph, whiteout conditions, heavy snow, andvblg snow. There was a 50-car pile up on I-196 in
Ottawa County, causing 20 persons to receive tatfior minor injuries. Snow drifts of 3 to 5 fedep
were common in rural areas. Property damage wasastl at $250,000 in Ottawa County.

On December 21, 2008, in Kent and Ottawa Count®s,to twelve inches of snow fell,
accompanied by wind gusts up to 45 mph. This reduh two to three foot snow drifts across portiohs
the area, which in conjunction with the blizzardnear-blizzard conditions produced dangerous travel
conditions. At the height of the storm, severattstnes of highway were shut down due to multipleicte
accidents.

From December 3 to 4, 2009, over a foot of snow repsrted across portions of Ottawa County,
where 15 inches fell in Marne and 14 inches fellGoopersville. Several inches of slushy snow
accumulated on roads from Muskegon to Grand Rafdilander snow was also reported, with some
lightning seen in Ottawa County. The next weeky flmueight inches of snow, in conjunction with wind
gusts to 40 mph, created near-blizzard conditidnsrees, resulting in very hazardous travel coodii
with near-whiteout conditions at times. Around atfof lake-effect snow fell across the Grand Rapids
area. Numerous accidents were reported, due tsliigery roads and reduced visibility from the bilogv
snow.

From February 9-10, 2010, six to ten inches of srellv across Ottawa County. The storm
coincided with Michigan's winter 'Count Day' used determine base funding for local public school
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systems. Many school systems closed due to thessaow. Several significant accidents occurred @n th
regions primary arteries. 1-94 was closed for savémes due to jack-knifed trucks. There was aso
multiple vehicle pileup on I-196.

Risk/Likelihood

Based on the NCDC snow and ice event reports, Kaminty can expect, on average, five
significant snow storms each winter. Ottawa Couway expect seven. Most of these events would be in
the category of heavy snow and would be accompawextrong winds. Depending on conditions — wind
speed and current snowpack being of primary coneettangerous travel conditions would exist. School
closures would be likely, disrupted travel plansd gossible business and plant closings could occur
during some of these storms. This would also be&yfor a West Michigan winter.

Existing Prevention Programs

City and county road crews are the area’s first¢ lof defense against snow and ice storms.
Plowing snow, sanding and salting roadways occugyeat deal of time and budgets during the winter
season. Kent County budgeted $3.4 million for 28w removal and Ottawa County budgeted $3
million. The actual amount can easily exceed 150% @ budgeted amount. Their response relies heavil
upon NWS and local weather forecasts and alerstoofn conditions.

The NWS Doppler Radar is as useful in tracking sewsinter storms as it is in tracking
thunderstorms and tornadoes. As the agency’'s fstem@dels become even more accurate, advance
warning times will continue to increase. Currentlye NWS issues a variety of watches, warnings and
advisories:

Blizzard Warning
A Blizzard Warning means that the following conalits are occurring or expected within the next 1280
hours: (1) snow and/or blowing snow reducing vigibto 1/4 mile or less for 3 hours or longer, afj
sustained winds of 35 mph or greater or frequestggto 35 mph or greater. There is no temperature
requirement that must be met to achieve blizzardlitions.
wind Chill Advisory
A wind chill advisory is issued when wind chills -df5F to -24F are expected.
Wind Chill Warning
A wind chill warning is issued when wind chills @5F or lower are expected.
Winter Storm Watch
A winter storm watch is issued when there is theepiial for significant and hazardous winter weathe
within 12-36 hours or more. It does not mean tligniicant and hazardous winter weather will ocdtir;
only means it is possible. Significant and hazasdwinter weather is defined as (1) six inches orenof
snow (and/or sleet), or (2) glaze accumulatione@dneg rain) of 1/4 inch or more, or (3) enough ice
accumulation to cause damage to trees or powes, lorg4) a life-threatening or damaging combinatib
snow and/or ice accumulation with wind.
Winter Storm Warning
A winter storm warning is issued when significantldnazardous winter weather is occurring or imminen
Significant and hazardous winter weather is defiagdl) six inches or more of snow (and/or slext]2)
glaze accumulation (freezing rain) of 1/4 inch @rey or (3) enough ice accumulation to cause darttage
trees or power lines, or (4) a life-threateningdamaging combination of snow and/or ice accumutatio
with wind.
Winter Weather Advisory
A winter weather advisory is issued when snow,tsfeeezing rain, or a combination of precipitatiypes
is expected to cause a significant inconvenientediuserious enough to warrant a warning.

Ongoing efforts to keep the public informed and @wvaf winter hazards include the Winter
Hazards Awareness Week in Michigan:
“The Michigan Committee for Severe Weather Awarsnieas created a safety information campaign to
encourage residents to prepare for the hazarddasfijhn winter weather. The National Weather Servic
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in conjunction with the Michigan Committee for Sexv&Veather Awareness, will issue daily information
statements this week offering winter weather sdfiety and definitions of winter weather terms. Adws
media are strongly encouraged to pass this infeomadlong to their audiences at every opportunity.
Additional information on Winter Hazards Awaren&geek is available from the Michigan Committee for
Severe Weather Awareness.”

The American Red Cross in Grand Rapids has emeygshelters available throughout the
Counties in the event of weather-related needdudity severe winter weather. Improved electrical
infrastructure reliability will mitigate the effestof severe winter weather. Numerous winter stanenge
coated electrical lines and trees with ice, briggimem to the ground and interrupting service. bwpd
urban forestry and tree maintenance can reduceffibets of ice load on trees and power lines.
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Geological Events
Hazard Identification and Overview
Shoreline Flooding and Erosion

Summary

Shoreline erosion is a natural process which iscéffd by human activities on the west edge of
Ottawa County, affecting the townships of Sprindgd,aGrand Haven, Port Sheldon, and Park, as well as
the Cities of Grand Haven and Ferrysburg. Allledge townships, and the majority of the Lake Miahig
shoreline in Ottawa County has been designatechigharisk erosion area. The rate of erosionasvisig
as Lake Michigan shoreline protection is addedleRdbke levels have caused shallow depths in raarin
and river mouths. The impact on shipping, marimabwatercraft has been significant.

Hazard Description

Erosion is defined as the wearing away of land ey &ction of natural forces. On the Lake
Michigan coast in Ottawa County, the forces of emosire embodied in waves, currents, and wind.g8erf
and ground water flow, and freeze-thaw cycles, alag play a role. Not all of these forces may lesent
at any particular location. Though erosion is auratprocess, it can be influenced, both adveraely
beneficially, by human activity.

Flooding, as it applies to the shoreline, is dafias excess water resulting in a high water lewvel a
the shoreline and marinas. Water levels which@wéhigh or too low are both considered in thisisect

Historically Significant and Related Events

The lake level fluctuates. In the past decade, Udighigan had reached its lowest level since
1964, but has gradually been trending back up gtohcally average levels. These low lake levetsav
also seen during the 1920s and 1930s, but werprasént during the long period from 1860 to 1920e
1970s, 1980s, and 1990s all had peak water lekiatsviere well above the historical averages, bat th
decade of the 2000s saw lake levels that were albistently below average. Before 1920, Lake
Michigan’s water level was consistently on the hsgte of the overall average from 1860 to 2010.

According to the US Army Corps of Engineers, theslincurred by recreational boating has three
components:
» “Loss specific to marinas: It is possible to destwate a financial loss to marinas in the fivedgtu
counties of between $2 to $4 million. These aramedes but are based in part on fairly exact
recordkeeping of marina owners and on observabtgets of marina slips.
* Loss of trip-related spending in the communitg da a loss of available marina slips. There waksas
estimated in 2000 because the loss of slips duewtowvater equaled the excess capacity of marirfas. |
water levels were to drop an additional 12", thussl would be about $825,000 in Allegan and Ottawa
Counties and the loss would be about $1.15 milfaama drop of 18". There would be no such loss in
Wisconsin.
» General loss to a potential boatingrelated ecgndiMe gathered information on the level of boating
activity in 2000, including average boating dayse wf trailer launched boats, boat launch ramphdept
capacity, charter fishing and boat sales. Howewenas difficult to develop a stage damage curve fo
future financial impact. This was because of ttecdilty of gaining an accurate response from bizatan
their likely change in boating activity due to @usiion they have never encountered. Thereforeewe'
estimated the potential boating-related spendiagltw waters could affect. How much low water efte
spending is open to further speculation. We belilat the boating-related economy of the five ciamt
could be in range of about $29 million to as higmearly $43 million.”

A shoreline flooding event occurred when recorchhigke levels in 1985-1986 culminated in a
Governor’'s disaster declaration for 17 shorelinenties, including Ottawa County, on February 21st,
1986. The USACE implemented its Advance Measuregram, and the State of Michigan implemented
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three unique shoreline flooding and erosion mit@aprograms aimed at reducing future flood impacts
shoreline communities and homeowners.

Existing Prevention Programs

The current shoreline classification database deduan inventory of shore protection type, level
of performance and spatial coverage and changdbdagoeriod from 1989 to 1999. Percentage values ar
expressed as a percentage of the entire 41km lefi@ttawa County shoreline.
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Quick Analysis of a single decade’s effects (bagauh the 1990s to 2000s period):

* 0.5 km of new shore protection added in 10 yéaes loss of 591m of “unprotected shoreline”).
* Addition of 640 m of new revetments in 10 year4,2% increase.

* Loss of over 1 km of groins.

* An increase in Beach Nourishment.

Terminology

Revetment - A facing of wood, stone, or any othatarial, to sustain an embankment when it receaves
slope steeper than the natural slope; also, anetgivall.

Seawall/Bulkhead - An embankment to prevent erosfanshoreline.

Groin - A small jetty extending from a shore totect a beach against erosion or to trap shiftimglsa
Jetty - A wharf or pier extending from the shore.

Shore Protection | 1989 % Ottawa | 1999 % Ottawa | Change Change (%
Type Shoreline | County Shoreline | County (M)

Length (M) | Shoreline | Length (M) | Shoreline
1Al - Revetments | 300 0.73 800 1.95 500 1.22
>45 Year Lifespan
1A2 - Revetments | 375 0.91 515 1.26 140 0.34
5-45 Year Lifespan
Seawalls/Bulkheads1527 3.72 2270 5.54 743 1.81
5-45 Year Lifespan
Seawalls/Bulkheads1415 3.45 915 2.23 -500 -1.22
0-5 Year Lifespan
2A2 - Groins 5-45 | 6585 16.06 6335 15.45 -250 -0.61
Year Lifespan
2A3 - Groins 0-5 | 1375 3.35 425 1.04 -950 -2.32
Year Lifespan
2A4 - Groins 0 140 0.34 140 0.34 0 0
Year Lifespan
(Disrepair)
2B1 - Jetties 744 1.81 744 1.81 0 0
3A2 — Beach 1100 2.68 1600 3.9 500 1.22
Nourishment
Materials, O Year | 10 0.02 0 0 -10 -0.02
Lifespan
(Disrepair)
7 - Unprotected 30152 73.54 29561 72.1 -591 -1.44

Ten year comparison of shoreline protection in Ottawa County.

Other existing prevention programs are the Michidéimoreline Flood and Erosion Hazard
Regulatory Authority, the National Flood Insurarfeéegram, the USACE Advance Measures Program,
and the Lake Michigan Potential Damages Study,galeith community education programs.

Risk/Likelihood

The fluctuating rise and fall of Lake Michigan reevitable. Predicting the rate of rise and cycle of
the lake has been difficult. The graph image onptleeeding page shows a rise and fall of nearlyefmn
(about 6 feet) every 20 years or so over an 80 yeaod. Over thousands of years, the Great Laded |
has fallen. In the next century, we can expectdtel to fluctuate in its historical pattern, bbetaccuracy
of such predictions is limited.
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Landslides

Summary
While landslides may occur in the bluff area of #hereline of Ottawa County, the relatively flat
terrain and groundcover of the area as well ag ddotors combine to form a low hazard from larissi,

Hazard Description

The term landslide includes a wide range of grommadement, such as rock falls, deep failure of
slopes, and shallow debris flows. Although graetying on an over-steepened slope is the primasore
for a landslide, there are other contributing fexto
* erosion by rivers or waves create over-steepsiogbs
* rock and soil slopes are weakened through satarby snowmelt or heavy rains
* earthquakes create stresses that make weak $&pes
» excess weight from accumulation of rain or sneteckpiling of rock or ore, from waste piles, oorfr
man-made structures may stress weak slopes todahd other structures
* sub-surface erosion causing sink holes
Slope material that becomes saturated with water aeaelop a debris flow or mud flow. The resulting
slurry of rock and mud may pick up trees, housed, Gars, thus blocking bridges and tributaries sicayu
flooding along its path.

Historically Significant and Related Events

Landslides occur often along the shoreline and canesed by erosion of the bluff. The US
Geological Survey rates the shoreline of Ottawa mBpwas “High susceptibility/low incidence” of
landslide.

In 1995 a huge landslide occurred along the lakesbb a dune in Sleeping Bear State Park in
northwestern lower Michigan. The 35 million cubaof landslide crushed the beach and everythingsin i
path, gouged a huge hole in the bottom of Lake Mg and washed debris underwater more than two
miles away. The Sleeping Bear landslide is belieieedave been caused by subterranean water pressure
rather than by erosion of the face of the dune.
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Coastal landsliding at Sleeping Bear Point may ddated to increases in fluid pressure in the
spaces between grains of sand (pore pressure).gdighpressure lessens the forces holding sandsgrai
together, which may weaken the bluff enough togeiga slide. Pore pressure may be increased by wate
from snowmelt in winter being trapped behind thezén bluff face or within sand layers confined by
impermeable clay beneath the bluff. All three knaslides at Sleeping Bear Point (1914, 1971, and)99
had occurred in unseasonably warm winter monthghénillustration above, the four-sided blue arrows
denote pore-water pressure; larger size indicatst@y pressure. Simple blue arrows denote watensfl
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A landslide occurred in Belknap Park within theyQif Grand Rapids in 2004. The hill slid over
Monroe Avenue (Business Route 131), blocking itilubtcould be cleared by heavy equipment. Any
further subsidence on this hill will endanger homes

Existing Prevention Programs

Landslides are typically tied to shoreline erosmnthe shoreline of Lake Michigan in western
Ottawa County. Existing prevention programs aresdn@e as in the section on shoreline erosion. Tikere
no existing program in place for the subsidenc8riand Rapids’ Belknap Park.

Risk/Likelihood

No model could be found to predict the likelihoddlandslides along the Lake Michigan bluff
shoreline. Historically, the hazard does existif san be expected to occur again.
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Earthquake

Summary

The earthquake hazard remains low for the entirmatéer Grand Rapids area. The United States
Geological Survey predicts a 2% probability of aartlequake occurring in the next 50 years of a
magnitude capable of a peak acceleration of 4%rgvity). This might cause damage and possible
collapse of buildings constructed before 1940.

FEarthquake Hazard Probability Map. Source:
United States Geological Survey (USGS).

Earthquake Hazard Probability Map. Source: UnitedeS Geological Survey (USGS).

Hazard Description

The earthquake hazard refers to the consequencas eérthquake that may disrupt the normal
activities of residents or cause them loss. Mogalds arise from ground shaking caused by waves tha
emanate from the abrupt fault movement during athgaake. Seismic hazard maps depict the ground
shaking that is expected to be exceeded at a sdlgcbbability (or chance) over a specific timeiqekr
Estimates of this “probabilistic” ground shaking, l@mzard, at any given location must account fonyna
factors, including the possible shaking from dtely earthquakes and the types of rocks and sdihén
region. The USGS produces earthquake (seismic)dhamaps on a national scale. Hazard maps are also
now produced for selected urban areas. At eithalegbere are maps for different probabilities &k
periods; the choice of which to use depends upem#eds of the user. Builders of a dam, for inganc
might want to consider longer periods of time amadr likelihoods of shaking than a home builder {dou
This is because a dam is built to have a longer &hd damage to it could have a greater impat¢hen
community.

Historically Significant and Related Events

The earliest confirmed record of earthquake trerfgitdan Michigan Territory (statehood came in
1837) were from the great series of shocks centeezd New Madrid, Missouri in 1811 and 1812. As
many as nine tremors from the New Madrid earthqsakiees were reportedly felt distinctly at Detroit.

A damaging earthquake, apparently centered betMmetreal and Quebec in the Saint Lawrence
Valley, occurred on October 20, 1870. This shock fedt over an area estimated to be at least aomill
square miles, including Sault Sainte Marie.

On February 4, 1883, an earthquake (intensity V§cked windows and shook buildings at
Kalamazoo. This shock was felt in southern Michigad northern Indiana.
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The destructive earthquake that hit Charlestontts@arolina on August 31, 1886, was felt as far
north as Milwaukee, Wisconsin and probably in paftdMichigan. On October 31, 1895, Charleston,
Missouri experienced a major earthquake. Considéredseverest shock in the central U.S. regionesinc
the 1811 - 1812 earthquakes, the 1-million-squate-falt area included parts of Michigan. A moderat
earthquake of intensity V was felt at Menomineévtarch 13, 1905.

There have been various minor events felt in Mighigver the years. On November 1, 1935, a
6.2 magnitude earthquake occurred in Timiskamingeligc. On October 7, 1983 a 5.1 magnitude
earthquake occurred in Blue Mountain Lake, NY. Jone 10, 1987 a 5.2 magnitude earthquake occurred
in Lawrenceville, IL. On November 25, 1988 a 5.9gmitude earthquake occurred in Saguenay, Quebec.
On April 18, 2008 two separate earthquakes (5.4 428 magnitude) occurred in West Salem, IL.

The statistical prediction of earthquakes is weltuimented. The probability of an earthquake in
the Grand Rapids area is quantified in the tablevbePeak ground acceleration described the change
position of a point on affected lands, while spa&lciicceleration estimates the movement of a bmittire
in an earthquake-affected area.)

Probabilistic Ground Motion Values (%g) in 50 Years

10% 5% 2%
PGA 1.331399 2.257348 4.067041
0.2 sec SA 3.320904 5.278307 9.083736
0.3 sec SA 2.897979 4.687243 7.916014
1.0 sec SA 1.251185 2.313128 4.155163

(PGA = peak ground acceleration, SA = spectrallacaton)

The earthquake of August 9, 1947, damaged chimaeg<racked plaster in parts of south-central
Michigan and affected a total area of about 50 £§lare miles, from Muskegon and Saginaw to lllinois
Indiana, and Wisconsin. The cities of Athens, Boom<oldwater, Colon, Matteson Lake, Sherwood, and
Union City in the south-central part of the Stdteeaperienced intensity VI effects. Reports of daya to
chimneys and some instances of cracked or fallastgd, broken windows, and merchandise thrown from
store shelves were common over the area.

A number of other earthquakes centered outsid&taee have been felt in Michigan. Noteworthy
among these are the following:

February 28, 1925

St. Lawrence River region northwest of Murray Bhag Malbaie), Quebec, Canada. The affected area was
approximately 2 million square miles (intensity MG&and Rapids, Michigan).

September 4, 1944

St. Lawrence River region between Massena, New ‘dackCornwall, Ontario, Canada. The affected area
was 175,000 square miles across the U.S., inclu@dnagd Rapids, Michigan.

November 9, 1968

South-central Illinois; the affected area was apipnately 580,000 square miles (including all ortpmrs

of 23 states, including southern Michigan).

Existing Prevention Programs

Two federal programs are in place for Michigan camities in the event of a disastrous
earthquake. The first is the National Response Evwaork, which brings federal assistance through FEMA
The NRF outlines roles of 27 federal agencies gastier response and recovery. The second is Executi
Order 12699, the Seismic Safety of Federal and radigéissisted or Regulated New Building
Construction law, which requires appropriate seisdasign and construction of new federal buildiogs
those receiving federal assistance.

Risk/Likelihood
The probability of earthquake in any area of thététhStates has been well studied by the USGS.
The probability of a quake in the Kent and Ottawauty area is shown in the table above. Most plenne
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use the 2% value over a 50 year span. The USGSctwea one-hundred year earthquake causing
acceleration of 4% g. For more information on leguake prediction and interpretation of data, go to
http://www.usgs.gov/
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Fire
Wildfire

Summary

Wildfire in Kent and Ottawa Counties tends to oceuopen areas of unmaintained grassland and
dry cropland. These surface fires are common atoagways due to the nearly continuous presence of
ignition sources from passing vehicles and cigasett

Hazard Description

There are three classes of wildfires. A "surface'fis the most common type and burns along dry
field grass or the floor of a forest, moving slovaligd killing or damaging trees. A "ground fire"usually
started by lightning and burns on or below the gofoor in the humus layer down to the mineral.soi
"Crown fires" spread rapidly by wind and move quydiy jumping along the tops of trees.

Historically Significant and Related Events

Contrary to popular belief, lightning strikes aret the primary cause of wildfires in Michigan.
Today, only about 7% of all wildfires in Michigameacaused by lightning strikes; the rest are cabsed
human activity (although 10% have an unknown causk 11% are classified only as “miscellaneous”).
Outdoor burning is the leading cause of wildfirasMichigan. Most Michigan wildfires occur close to
where people live and recreate, which puts bottpleeand property at risk. The immediate danger from
wildfires is the destruction of property, timbeijdiife, and injury or loss of life to persons whwee in the
affected area or who are using recreational fasliin the area.

The State’s first recorded catastrophic fire ocedirin the fall of 1871, after a prolonged drought
over much of the Great Lakes region in the sumrhd8@1. The drought had left debris from loggingl an
land clearing tinder dry, and as a result numeriines burned everywhere. These fires continued to
smolder until, on October 8th of that year, gald harricane force winds pushed a wall of flame®s&r
much of the Lower Peninsula. Because this tremesigalestructive wildfire occurred at the same tinge
the great wildfires that struck Peshtigo, Wiscon®uhich killed 1,300 people in a single night) ahe
Great Chicago Fire (which completely wiped out ¢ftg of Chicago), the Michigan wildfire receivedtle
publicity. However, the 1871 Michigan wildfire léil 200 people and burned 1.2 million acres. When th
winds finally subsided, the fire's swath stretctismn Lake Michigan to Lake Huron. Between Saginaw
Bay and Lake Huron, an area 40 miles square wagletaly destroyed, and over 50 people were killed.
The worst of the fire was over by October 19, altftothe fire wasn’t completely out for over a month

According to the Michigan Department of Natural Reses Forest Management Division, the
number of wildfires and acres burned (1981-2010Kient County was a total of 20 wildfires, 2 wiladfs
per year, and 125.6 total acres burned. For Otaaanty there were a total of 145 wildfires, 5 witdé
per year, and 469.9 total acres burned.

Existing Prevention Programs

The Michigan Department of Natural Resources, Fofanagement Division, directs and
coordinates wildfire prevention, containment angypassion on all state land. The DNR emphasizes
prevention and public education since most wildfiaee started by humans.

The Michigan Forest Fire Experiment Station hasigled information from research on how to
prevent and suppress wildfires, including the Udeeavy equipment.
The Michigan Department of State Police, Fire Maldbivision and the Michigan Interagency Wildland
Fire Protection Association bring fire responseaorgations together from across the state. TheoNaili
Fire Incident Reporting System records histori@hdor statistical purposes.

The Michigan Natural Resources and Environmentaitdetion Act and the Solid Waste
Management Act are two state acts which help nigigaldfire hazard.

The Great Lakes Forest Fire Compact is a cooperaffort between Michigan, Wisconsin,
Minnesota, Ontario and Manitoba. They have prodactie hazard assessment for the region.
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Risk/Likelihood

The Risk/Likelihood of wildfires in the Greater @GchRapids area is manageable. With relatively
flat terrain and varied plant life, wildfires tyilcof western states does not occur.
Most wildfires tend to be fueled by dry grass alangdways. Forest fires occur, but typical higte fir
danger conditions do not exist except for shortopisrthroughout the year.

Urban and Structural Fire

Summary

Structural fires may occur in any structure, sdsitlogical that fire hazard increases as the
concentration of structures increases. Structosa Is proportional to population concentrationthitii the
area covered by this plan, the greatest loss paténivithin the City of Grand Rapids.

Hazard Description

Urban and structure fires typically involve a smegitructure, such as a house. Due to the high
concentration of combustible building materials atfter urban components, urban fires have the paten
to spread to other structures or exposures. Aseairfcreases in volume and energy, nearby exposures
become preheated and more easily begin to burnomlly large fires may be able to jump from one
structure to another across open areas. A firenstor conflagration, contains enough heat energydate
high winds as fresh air is drafted into the masdike A conflagration is difficult to stop, due fits
massive size and rapid spread.

Historically Significant and Related Events

Kent and Ottawa Counties are reflective of histdire trends in Michigan. As an industrial state
with several large metropolitan areas, Michigahigher than average in fire deaths, injuries aisdds.

Each decade dozens of fire deaths occur in KenCataa counties—together averaging about 9
deaths per year and more than 30 injuries. Abalitdi the Kent County total occurs within the Caf
Grand Rapids. Kent County annual fire losses @eermore than $10,000,000 and Ottawa County annual
lossed losses average more than $2,500,000.

Some recent structural fires in Kent and Ottawar@ies include: On December 17, 2003, a house
fire in Grand Rapids killed all seven people insidmging in age from two to seven. On January2P83,

a massive structural fire in Grand Rapids eruptesillting in the destruction of over 100 condonmmiu
units in two adjacent buildings. Around 200 indivédls escaped the building, and although nobody was
injured, four persons had to be rescued. In Cawiky, a September 29, 2008, house fire occurred,
resulting in four deaths. On May 13, 2009, an oigtnhouse fire in East Grand Rapids left one dead,

two escaped uninjured but the fire may have beemgmted had they used the smoke detectors properly.
On March 19, 2010, a fire destroyed a 32 unit apant complex displacing all 30 residents in Wyoming
On April 14, 2011, two people died in a house fir&rand Rapids.

Existing Prevention Programs

Several programs exist related to fire safety. Tihelude:

» Michigan Fire Prevention Act

» Michigan Department of State Police, Fire MardD&ision

» Michigan Department of Consumer and Industry Besy Office of Fire Safety
* National Fire Protection Association

* U.S. Fire Administration

* Local Fire Service

* Fire Safety Rules for Michigan Dormitories

It should be noted that the statistics on the Wit map do not distinguish between structural
fires and other types of fires. They merely indicthe level of fire activity in the county, per QQ
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residents, and are presented for comparative pespmsly. For example, a fire rate of 5.19 indicabes
there were approximately 5 fires per 1,000 res&lént the given year. Fire rates fluctuate fromryiea
year, depending on the level of fire activity witlthe county, and population shifts. Overall deatls in
the U.S. were (according to NFIRS lattp://www.usfa.dhs.gov/statistics/estimates/statdg) 13.2 per

million but in Michigan were 15.4 per million.
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Michigan Fatal Fire Statistics - Year 2004"
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Risk/Likelihood

Local fire departments are proactive in attemptmgeduce the number, scope and magnitude, and
impacts of structural fires in Michigan. State dodal fire service efforts in the areas of trainipgblic
education, incident tracking, construction planieey site inspection and fire analysis are all raéel
toward, and contribute to, structural fire mitigetiand prevention. However, like most programs, the
amount of work that can be done is directly relatefiinding and programmatic priorities.

Other Fires

Summary
Other types of fire may occur in places of oppaitiyrbut generally the risk of other fires, such as
scrap tire fires or landfill fires, is low throughtcthe area.

Hazard Description

Other fire encompasses burning trash, scrap arespther discarded items. Bulk scrap tire storage
areas, once ignited, are particularly difficult &xtinguish and have the potential for significant
environmental impacts. Landfills often contain natlewhich has been improperly disposed of, andesom
circumstances can result in fires below the surface

Historically Significant and Related Events
On October 30, 1987, a large fire broke out atrapstire disposal site in Kent County, containing
over one million tires. It was estimated that thezb was contained in about a fifth of the ten-aite by
establishing a fire break with bulldozers. Firetsyis ultimately concluded that the best coursectiba
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was to allow the contained portion of the fire tary since applying water would only delay the iteve
end result. Nearby residents were evacuated dthigarly stages of the fire.

On July 23, 2008, a scrap yard fire, fueled by @,0(es, kept fire departments from Spring Lake
Township, Coopersville, Fruitport, Ferrysburg, @i@aCounty, Marne, and Grand Haven Township busy
for several hours and sent thick plumes of blacklgover the area. This fire in Nunica was firgtarted
at around 3:45 p.m. and was caused by sparks frorens who were cutting off an automobile’s catalyt
converter. The blaze was confined to roughly a $&®-foot area. Because the nearest hydrant wasgt abo
2,000 feet away, water had to be trucked in. In74,000 gallons of water were poured onto the fir
before it was brought under control after 90 misutdo structures were damaged by the fire and no
injuries occurred. Because of possible oil contatm from melting tires, the Department of
Environmental Quality was notified.

Existing Prevention Programs

The Scrap Tire Regulatory Program is implementedth®y Waste and Hazardous Materials
Division of the Michigan Department of Environmdn@uality, under the authority of Part 169 of the
Natural Resources and Environmental Protection @81 P.A. 1994), as amended. Policies and
regulations established under this law provide libsis for the MDEQ to implement and administer an
effective scrap tire management program. The gb#he program is to promote the development of an
acceptable scrap tire management system which miesmrenvironmental, public health, and nuisance
concerns, and maximizes the resource recoveryrapdae materials. To accomplish this, the follogi
were initiated: 1) a compliance and enforcemeng@m was implemented; 2) a scrap tire policy raogcl
hierarchy was established; 3) special uses of strap were approved; and 4) a grant program was
established to address abandoned tires.

In 1997, Part 169 was amended to require thattavetde emergency response plan be put into
place to address response to fires at collectims.sAlso addressed in the legislation were: ljeased
scrap tire regulations - including fire lane widegifrom 20 to 30 feet; 2) minimum bonding requiremse
for all scrap tire storage sites; and 3) authozaof local fire department inspections of stovdggosal
sites.

To combat problems at current disposal sites, sigyes have been made about establishing a
state policy and program for acquiring such sited suitably disposing of the millions of tires hese
locations. Other proposals call for educating Igoakdictions on the hazards associated with stirep
disposal sites so that enforcement of existingslation is effective in minimizing future potentist¢rap
tire fires.

Risk/Likelihood

Ottawa County has a total number of stored scrags tstimated at 100,000 (as of November
2009), and Kent County was not listed by MDEQ agrigaany tire disposal sites. This compares to abou
3.4 million scrap tires at registered sites thraughthe entire state. Any fire that might occur Wwhe
relatively small. The Counties have also adoptedletions regarding the storage of scrap tireslamdfill
items. The risk of these types of fires seems low.
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Flooding
Dam Failure Flooding

Hazard Description

Flooding caused by dam failure or misoperation kBult in a sudden drop in the water level
above the dam and a sudden rise and resultantiiipdeliow the dam. Dam failure may lead to losdes o
life and property as well as the disruption of hess. A dam failure can result in loss of life anxtensive
property or natural resource damage for miles dawas from the dam. Dam failures may occur during
flood events (which may cause overtopping of then)dar as a result of misoperation, accident, laick o
maintenance/repair, or deliberate sabotage or Vianda One form of dam failure involves tree roots
disrupting the integrity of an earthen dam, sudt thater can pass through the dam where the seil ha
been broken apart by the roots.

In Michigan, all dams over 6 feet high that createimpoundment with a surface area of more
than 5 acres are regulated by Part 315, Dam Safetiye Natural Resources and Environmental Priatect
Act (451 P.A. 1994), as amended. This statute iregjtthe Michigan Department of Environmental
Quality (MDEQ) to rate each dam as eithedosv, significant, or high hazard potential, based on
downstream hazard potential to developed landsorLLbw, S for Significant, and H for High. The
National Inventory of Dams (NID) registers thesendelassifications, which are based solafyon the
potential downstream impact if the dam were tq &mild does not consider the actual physical stinesgt
condition of the dam. The potential downstream doipis classified by assessing the population
concentration and economic activities located doreasn from the dam.

Dam owners are required to maintain an emergentigraplan (EAP) forsignificant and high
hazard potential dams. Owners are also requireddadinate with local emergency management officia
to assure consistency with local emergency operatigans. The definitions of dams’ three hazard
potential classifications, as accepted by the &gency Committee on Dam Safety, are as follows:

LOW HAZARD POTENTIAL - Dams assigned the low hazaratential classification are those
whose failure or misoperation results in no probaldss of human life and low economic and/or
environmental losses. Losses are principally &ohiio the owner’s property.

SIGNIFICANT HAZARD POTENTIAL - Dams assigned thegsificant hazard potential
classification are those dams where failure or pesation results in no probable loss of humanlifecan
cause economic loss, environmental damage, disrugtf lifeline facilities, or impact other concerns
Significant hazard potential classification dame aften located in predominantly rural or agrictdtu
areas but could be located in areas with populai@hsignificant infrastructure.

HIGH HAZARD POTENTIAL - Dams assigned the high hak@otential classification are those
where failure or misoperation will probably caussd of human life.

Ottawa County currently has 8 dams (in 2011). Miudassifications are: Low — 6 dams,
Significant - 1 dam (the Berrens Dam in Zeelanaviighip), High — none. Kent County has 13 dams.
Their classifications are: Low — 5 dams, 8igant — 6 dams, High — 2 dams. Kent County Hhees t
possibility of loss of life, in the event of the ygbpossible failure of the highest-hazard dams.
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Kent County Dams, as listed by the National Inventd Dams (NID), are:

: . NID NID Year NID

Dam Name River City Height| Storagd Built Hazard| County ID No.
Ada Thornapple| Ada 32 3000 1926 Kent MI00501
Cascade Thornapple Ada 41 430( 1926 Kent MI00502
East-Brook
Lake Level Whiskey Grand
Control Structure Creek Rapids 13 136 1965 L Kent MI00429
Falconcrest
Industrial Park Plaster
Detention Creek Kentwood 25 -9.9 1989 S Kent -

Flat Vergennes
Fallasburg River Township | 35 2000 1903 H Kent MIO0506
Flat River Diversion | Flat Vergennes
Dam River Township | 35 2000 190BL Kent MI00506
King Milling Flat
Company Dam River Lowell 15 645 1942 S Kent MI00570
La Barge Thornapple] Alaska 32 5250 1901 Kent MI00503
Lake Bella Barkley
Vista Dam Creek Belmont | 29 5917 196PS Kent MI00453
Oakfield Wabasis Morgan
Center Dam Creek Lake 11 60 1864 S Kent MIO0571]
Rockford Rogue
Dam River Rockford | 19 247 1888S Kent MI00572
Secluded Tributary of | Grand
Lake Dam Grand River| Rapids 19 50 196\7S Kent MI00792

Tributary of
Westdale Honey
Family Dam Creek Ada 21 53 1974L Kent MI00665

78



Ottawa County Dams, as listed by the National Itemgnof Dams (NID):

: . NID NID Year NID
Dam Name | River City Height| Storagd Built Hazard| County ID No.
Berrens Macatawa Zeeland
Dam River Twp 38 228 1993 S Ottawa M101353
Kenowa Lake Huizeinga Dr.
Level Control| Tributary Georgetowr
Structure to Rush Cr | Twp 8 95 1975 L Ottawa| MI00727
Rush Creek | N Branch Georgetowrn
Dam Phase 1 Rush Creek | Township 14 375 197BL Ottawa| MI00704
Rush Creek | Deweerd Jamestown
Dam Phase 2 Dam Township | 19 172 1983 L Ottawa| MI00812
Steenwky Macatawa Zeeland
Dam River Twp 30 73 1991 L Ottawa| MI01354
Timmer Macatawa Zeeland
Dam River Twp - - - L Ottawa| -
Rush Creek
Phase I
Buttermilk N Branch Jamestown
Creek Dam | Rush Creek | Twp 13 240 2000 L Ottawa| MI04010

The Root Dam, on the Sand Creek River in Tallmabgenship, is still listed in NID, but is not
included in this table because it was destroyedhliiood on May 21, 1989 and never rebuilt. Many
privately owned dams are also located in ZeelandrBbip, where soil types and ravines allow therbdo
easily constructed. The Timmer Dam, which holgeanmanent water body that forms an 11 acre lake, ha
had various maintenance issues in the past, althsoige upkeep efforts have since taken place.oédth
given alow hazard potential classification, local officiakef that if this dam were to fail, it could disrupt
traffic along Quincy Street, M-21 (Chicago), and tBSX rail line, cause property damage in the gin
and possibly even lead to loss of life. Severhkpprivately-owned earthen dams in Ottawa Coulty a
have the potential to fail and cause flood probleraspecially those that are earthen embankmentssacro
small ravines and may be susceptible to failurenfrack of maintenance or from the effects of nearbg
roots. Of special concern to Emergency ManagereditDrain Commission officials are privately owned
dams that are located upstream from populated areagjor transportation routes, such as M-45, &juc
Drive, 1-196, and the CSX rail lines.

Failure of dams located in contiguous countiesddizlve an impact as well. One example is the
Ottagon Dam, located just south of the Ottawa-Adlegounty line in Laketown Township. Located
directly south of Ottagon Street (85treet) near Old Orchard Avenue in the City of lbfufl, this dame
was installed to help combat flood problems in tleeghborhood nearby. Failure of that dam could
potentially flood an area from Ottagon Street naithLake Macatawa. That area is a residential
neighborhood where flooding could cause extensropgrty damage, so although the dam is physically
located in Allegan County, almost all of the damé&gen any dam failure there would occur in Ottawa
County.

Historically Significant and Related Events

Five dam failures are recorded by the Michigan Dpent of Environmental Quality. Kent
County had three dams fail, one of which is no @ngperating. Ottawa County had two dam failures.
Only the Root Dam incident in Ottawa County is udgd in the National Inventory of Dams, and thetRoo
Dam failure involved erosion under the spillway amals destroyed in 1989. Damage estimates are not
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available for these events, but they all appedetéow-level hazards. The Greater Grand Rapids lzea
not experienced a significant or high hazard daharia

In Ottawa County, on May 20, 1996, several inchesam fell and created concern about the
Timmer Dam (located south of Quincy Street betwé&h and 58 Avenues). At one point during the
precipitation events of May 20-21, water reportefityved over the emergency spillway of the damato
depth of 15 inches. Although residents living dstweam from the dam were put on alert, water lediels
drop without any significant damage occurring. t&oately no significant dam failure has actualleta
place. Please refer to the section on floodingydwer, for additional information about relateksis

Existing Prevention Programs

The Federal Energy Regulatory Agency licenses sdarmas and requires Emergency Actions
Plans and inundation maps. The Michigan DepartraeBnvironmental Quality administers Part 315, the
Dam Safety Act, which requires Emergency ActiomBl#or significant and high hazard dams.

Dam Failures in Kent and Ottawa Countigsurce: MDEQ, which monitors additional dams mafided in NID)

Dam Name County Year Failed Comments Height
JOYCE DRIVE KENT 1982 OT 7/16-17/82 8
CHILDSDALE DAM KENT 1986 9/86 OT 20
BEAR CREEK KENT NO LONGER OPERATING

OTTW.-KENT PLATING LAGOON OTTAWA 1984 OT HAZ. WSTE 1/84 8

ROOT DAM OTTAWA 1989 EROSION UNDER SPILLWAY

Locally, Emergency Action Plans for the followingrds are in place: In Kent County, the Ada
Dam, Cascade Dam, Fallsburg Dam, King Milling Camp Dam, Lake Bella Vista Dam, Rockford Dam,
Secluded Lake Dam, and Thornapple River Dam; iav@it County, the Berrens Dam, Buttermilk Dam,
Rush Creek Phase 1 Dam, Rush Creek Phase 2 DanwgteDam, and Timmer Dam.

Risk/Likelihood

The likelihood of a dam failure is low. Dams in batounties and Grand Rapids are maintained
and inspected regularly.
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Riverine Flooding

Summary

Riverine flooding tends to occur more frequentlytwmen December through May, due to
combination of frozen ground, high snow pack anddem, heavy rainfall. Several riverine floods have
occurred in the Greater Grand Rapids area in tis¢ @0 years, causing significant economic impact.
Flood plain maps describe locations prone to flogdand various events are documented in the teaxt t
follows.

Hazard Description

Riverine flooding in this plan is defined as a flocaused by the inability of a waterway to carry
away water faster than the water flows into theewaay. The water level in a riverine flood may
accumulate and stay above flood stage for sevasa dr even longer, and thus need not be a “flasi'f
event, although such events are possible fromredtioeam failure or from log jam or ice jam events.

In January, 2011, the Kent County Drain Commisgioovided the following list of rivers and
streams, and the jurisdictions in which they acatled:

NAME TYPE TOWNSHIP(S)

Alder Creek Drain Stream Nelson

Armstrong Creek Stream Cannon

Ball Creek Stream Sparta, Tyrone
Barkley Creek Stream Cannon, Plainfield
Bear Creek Stream Cannon, Plainfield
Beaver Dam Creek Stream Oakfield, Courtland
Becker Creek Stream Algoma, Courtland
Behan-Foley Drain Stream Wyoming

Black Creek Stream Nelson, Spencer
Bond Drain Stream Bowne

Brandywine Creek Stream Walker

Buck Creek Stream Byron, Wyoming
Burger Drain Stream Cascade

Butternut Creek Stream Spencer

Cedar Creek Stream Algoma, Nelson, Solon
Clarke & Bunker Drain Stream Bowne

Clear Creek Stream Spencer

Coldwater River River Bowne

Coopers Creek Stream Oakfield, Spencer
County Line Drain Stream Nelson

Crescent Creek Stream Pittsfield

Crinnion Creek Stream Courtland, Nelson, Oaéfiel
Crockery Creek (North Branch) Stream Sparta, igro
Cutlerville Drain Stream Byron, Gaines

Dorr & Byron Drain Stream Byron

Duck Creek Stream Bowne

Duke Creek Stream Nelson, Solon, Tyrone
Egypt Creek Stream Ada

Flat River River Lowell, Vergennes
Forest Creek Stream Solon

Frost Creek Stream Solon

Geers Drain Stream Tyrone

Geiger Drain Stream Bowne

Grand River River Ada, Cannon, Cascade, GrampidRaLowell, Plainfield, Walker, Wyoming
Hickory Creek Stream Tyrone

Hillbrand Drain Stream Tyrone

Honey Creek Stream Ada, Vergennes
Hopkins Lake Drain Stream Alpine

Huizenga Drain Stream Wyoming

Indian Mill Creek Stream Alpine, Walker
Kilgus Branch Stream Bowne

Lamberton Creek Stream Grand Rapids
Laubach Inter-County Drain Stream Alpine

Lee Creek Stream Lowell

Little Cedar Creek Stream Algoma, Courtland
Little Plaster Creek Stream Cascade, Kentwood
Lockwood Drain Stream Nelson, Solon
McCords Creek Stream Cascade, Lowell
Mill Creek Stream Alpine, Plainfield
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Miller Drain Stream Byron

Nash Creek Stream Sparta

Page Creek Stream Vergennes

Pine Hill Creek Stream Kentwood, Wyoming

Plaster Creek Stream Gaines, Kentwood, Wyoming
Post Creek Stream Tyrone

Pratt Lake Creek Stream Bowne, Lowell

Rogue River River Algoma, Plainfield, Spartardre
Roys Creek Stream Wyoming

Rum Creek Stream Algoma, Cannon, Courtland
Rush Creek Stream Wyoming

Rush Creek (East Branch) Stream Wyoming

Sand Creek (East Fork) Stream Alpine, Walker

Sand Lake Drain Stream Nelson

Scott Creek Stream Plainfield

Seely Creek Stream Grattan

Sharps Creek Stream Byron, Gaines

Shaw Creek Stream Algoma, Courtland

Spring Creek Stream Solon, Tyrone

Stegman Creek Stream Algoma, Courtland

Stout Creek Stream Cannon

Strawberry Creek Stream Alpine

Sunny Creek Stream Ada, Grand Rapids
Thornapple River River Ada, Caledonia, Cascade
Wabasis Creek Stream Oakfield

Waddell Creek Stream Cannon, Plainfield

Walter Creek Stream Tyrone

Walton Drain Stream Bowne

White Creek Stream Solon

Whitneyville Creek Stream Caledonia, Cascade

York Creek Stream Alpine, Grand Rapids, Plaldfie

In Ottawa County, the Pigeon River and Rush Creefhtain floodplain areas, and the Lake
Macatawa watershed also has problematic locatidasgasome of its streams. Two of the most
problematic flood areas in the county are situaletg the Grand River, in Robinson Township, where
two neighborhoods are regularly and heavily affgédig flooding. Hazard mitigation funds from theePr
Disaster Mitigation Program were applied for andcassfully obtained for the acquisition of houdes t
were heavily affected by flooding in the past ceupf decades, apparently due to gradual changémin
river (i.e. from sedimentation and other deposijtiolte jams and the accumulation of woody debaigeh
also caused localized flooding—sometimes in arelsrevit might not otherwise be expected. In the
winter of 1996, an ice jam on the Grand River cduseoding that forced several families from their
homes in Robinson Township. The southern half wdwa County also experiences regular flooding—
especially near Holland, Zeeland, and GeorgetowsriBaips.

Ice jams involve the accumulation of snow andatmng a waterway. As the buildup continues,
water passes more slowly, and flooding can occaurad this area of more limited drainage capacity.
Water levels can also rise rapidly when temperatwise and result in greater runoff of liquids
downstream, sometimes adding more water to thedrasstill-frozen ice jam. When the ice itselfedo
melt, greater problems often exist for downstreaeas In other cases, log jams can cause similar
backups in the waterway areas, with the accumulaifovoody debris serving as a barrier to watewflo
Flowing floodwaters may carry some of this debogvdstream with them and thus exacerbate the damage
to residences and infrastructure when floods occediments may also accumulate in streambeds over
time and cause certain parts of waterways to hesgdrainage capacity than they previously had.

In other cases, record rainfalls take place amplyi exceed the amount of fluids that existing
drains and infrastructure are able to handle, tieguin floods outside of areas normally known ® dt
risk. (An additional section follows in this docant, about “urban flooding.”)

Historically Significant and Related Events
Documentation of major floods in Michigan before049is limited. Earlier floods in the Grand
River basin that have been referenced include 18882, 1861, and 1875. Late winter and spring food
are, by far, the most common in Michigan. For ex@mmore than 90 percent of the annual peak digehar
of the Muskegon River at Evart has occurred fronsddeber 1 through June 1. Typically, frontal systems
produce a light to moderate, but steady and wigeshrrainfall on a saturated snow pack. The uppér s
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layer typically is frozen and impervious to moigtunfiltration. Runoff is increased by the meltisgow
pack and the frozen soils. Flood stages also areramly increased by backwater from ice jams, asrriv
ice accumulates where it is unable to flow arouedds or past obstacles. Summer and fall floodsatteat
caused by intense, localized thunderstorms candbllg or more devastating than those caused by
widespread rainfall on snow pack and frozen sdigo examples of late summer floods are the Septembe
storms in 1985 and 1986, which produced substaniiabff and damage. Flooding is frequent in the
southern two-thirds of the Lower Peninsula. Floathdge in Michigan is estimated at about $80 million
annually.

One of the most disastrous and extensive floodkensouthern Lower Peninsula was in March
1904. Runoff resulting from rainfall during Marck-27 was compounded by snow pack and frozen soils.
The rain was caused by a frontal system that méaedivard from Lake Michigan. Much of the snowfall
during the winter had compacted and formed anagerl at the ground surface. Ground frost prevented
infiltration of snowmelt. Flooding in March 1904as most prevalent in the Grand River, Saginaw River
Kalamazoo River, and River Raisin basins. Few gaygiations were in operation in 1904 to document
the magnitude of the flood, but, on the basis d@ilable data, peak discharges in the Grand anch&agi
River basins were greater than discharges expegateglcur once in 100 years. Overall, in the souther
Lower Peninsula, the flood peaks resulting frons fltood were the highest associated with springding
since record keeping began. As a result of thel fdd in Grand Rapids, about 14,000 people were
temporarily homeless, 2,500 homes were surroungeftbbdwater, 30 factories were closed, and about
10,000 people became unemployed. The estimatedggewes $2 million.

The flood of April 4-11, 1947, was the most damagih many locations since the flood of 1904.
The meteorological conditions that led to floodimggan with a snowfall in March 1947. On April 1, an
eastward-moving frontal system caused thunderstorrige extreme southern Lower Peninsula. On April
2, rainfall was increased by the slow movementefftontal system and by an abundance of warm,tmois
air from the Gulf of Mexico. A second frontal syst¢hat had originated in the Southwestern UnitedeSt
reached Michigan on April 4. Thunderstorms were emate to intense during April 4-6. As with the ftbo
of 1904, melting snow in some areas combined wathfall runoff to increase stream flow. Frozen soil
may have limited moisture infiltration in some ae@he areas affected by the April 1947 flood ideld
the Grand River. Many streams within an area bodhyeKalamazoo, Flint, Mt. Clemens, and Detroit had
peak discharges with recurrence intervals of grehagmn 25 years.

During April 18-24, 1975, a major flood affectedetbouthern Lower Peninsula. Rainfall during
April 18-19, 1975, was intense; rainfall totals gad from 3 to 5 inches. Antecedent moisture was
increased by a snowfall of as much as 13 inches mwest of the area 2 weeks before the rainstornts So
had become saturated, and temperatures had indreaffieiently to cause streams to have relativatge
discharges before the flood-producing rain felbdél peaks occurred between April 19 and 22, 1975, i
the Grand River basin. Total private and publimédges in the region amounted to about $58 millian.
Presidential Disaster Declaration was granted fmtkKOttawa, and 19 other counties.

During the last week of August and first week opteenber 1975, intense thunderstorms and
severe winds pounded the west central Lower Mighiggion. Intense rainfall accompanying these storm
caused widespread flooding, resulting in nearlyniBion in public and private damage. A Presidentia
Major Disaster Declaration was granted for the fi€cted counties, including Ottawa County.

During a two day period from May 10 to 11, 1981epfive inches of rain fell and led to flooded
and washed-out roads throughout the southern podfoOttawa County. In the City of Holland and
Holland Township, flooded roads included:"28treet between Waverly and Country Club Roadse Pin
Avenue in front of the power plant, Van Bragt Padar River Avenue, US-31 at New Holland, Quincy,
and Riley Streets. Some sections of Quincy StadtGreenly Street were under 6 inches to 1 foot of
water. The Paw Paw bridge over the Macatawa Rmgs also damaged by high water. In the City of
Zeeland and Zeeland Township, Paw Paw Drive wasiéd between Chicago Drive and £0%venue,
and 98" Avenue at Quincy Street was under two feet of waeeland Public and Christian schools were
closed, and $2,000 to $3,000 of damage was dodedtand High School. A Zeeland sewer lift station,
unable to handle the large quantity of water, femb@dnd caused numerous basements in the area to be
flooded. Water covered streets and entered homéivicinity of 104 Avenue and Alice Street along
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the Noordeloos Creek. Elsewhere in the countyMheatawa River flooded Chicago Drive from Zeeland
to Hudsonville, and Rush Creek flooded Chicago ®avPort Sheldon Road, in Georgetown Township.

On July 17 and 18, 1982, an 11-inch deluge lefttnab<Ottawa County’s major thoroughfares
impassable around Holland, because of flooding. oé¢ point, northbound US-31 was the only major
roadway out of town, and even that was closed sofi82™ Street. Several streets in the area were sill
closed on July 19, due to damage and high watdre sform also caused property damage all around
Holland. Basements were flooded in all the homesga 24" Street between Lincoln and Fairbanks,
causing three gas leaks. Heavy rain caused atoocdve in at the Montgomery Ward department store.
Sewer backups occurred when power was knockedtahbedift station on 8 Street, near Chicago Drive.
Flood waters crumbled the intersection of Chicagivdand & Street. Lightning and wind associated
with the storm caused power losses all over tha. af@ne report estimated that 20 percent of théaHadl
area population was without power for an extendsbd of time. Several Holland BPW substationsever
knocked out, as well as primary and secondary pdwes. Consumers Power representatives estimated
that 21,000 of their customers were left withouvpno

A February 1986 Governor’'s declaration for shoeelftooding was received by Ottawa County,
and this disaster resulted in the creation of thtemporary assistance programs—the Shoreline
Community Protection Program, the Emergency Movinggram, and the Emergency Flood Protection
Program.

A September 10-15, 1986 flood was caused by raifntah a low-pressure system that developed
over the central Great Plains. Northeastward mowtmmiethe system produced a warm front that extdnde
across the central part of the Lower Peninsulae ftecipitation was caused by warm, moist air safith
the front that collided with cold air from the nort The absence of upper atmospheric winds catmed t
storm to remain relatively stationary over the &tair several days. In the areas of greatestathinf
guantities ranged from about 8 to 13 inches. Mbem 10 inches of rain fell in 2 days within a 350
square mile area.

The flood of September 10-15, 1986, resulted inrecgdented damage. Across the affected area
the flooding caused 6 deaths, injured 89, contetub the failure of 14 dams, threatened 19 additio
dams, and caused basement flooding or structurahge to about 30,000 homes. Four primary road
bridges and hundreds of secondary road bridgescaherts failed, making 3,600 miles of roadway
impassable. Total damage to homes, businessel¢ gtioctures, and harvest-ready agricultural srop
was $500 million. A 30-county area of the States\daclared a Federal disaster area, including Kedt
Ottawa Counties. Crop damage was severe. Of Nhchs 12 million acres of cultivated land, abod 1.
million acres were affected. In addition to thetemsive crop losses, more than 1,200 farm-related
structures were flooded.

In Ottawa County on May 29, 1989, several residenaere flooded along the Rose Drain at M-21
(Rich Street) in the City of Zeeland, when fivehes of rain fell within 24 hours.

Two heavy rain events occurred exactly one yeartapa October 17 of 1992 and 1993, bringing
3 to 4 inches of rain within a 24-hour period totaWta County. This caused water to flow over a
significant stretch of Kenowa Avenue in the vignidf 44" Street in Georgetown Township. In the
southeastern quarter of the county, homes weradidand cars had stalled in the middle of flooded
roadways. Residents had difficulty accessing theines in the Brookmeadow Apartments.

Beginning on February 24, 1994, flooding occurres do an ice jam on the Grand River in
Robinson Township, Ottawa County, and continued the ice jam broke free on March 5th. During that
10-day period, floodwaters damaged 45 homes arek thusinesses and caused the evacuation of 125
people from their homes until the waters recedetti@s of three county roads and a county park als
sustained damage. The County formally requested\ai@or’s Disaster Declaration, but unfortunately
there was little that could be done in the waytafesassistance to help in the response and rectovénat
particular event. However, the Governor did requastl receive, an SBA Disaster Declaration which
made available low-interest disaster loans to thus®es and business owners that suffered uninsured
losses in the flood.

On July 5, 1994, a slow-moving storm system drogbéal4 inches of rain across northern Ottawa
and Kent Counties during the early morning houfbis heavy rain resulted in moderate but widespread
flooding in low spots and underpasses. The mdsti@d waterway was the Crockery Creek in Chester
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Township, which crested at 2 feet above bankfdlithough no significant damage was reported, since
most flooding occurred in less populated rural sy¢lae rains did require the dumping of more thah 4
million gallons of untreated but diluted sewag®itite Grand River at Grand Rapids.

Within a 24 hour period on May 18, 1996, 3.5 to i¢hes of rain fell in Ottawa County, with the
heaviest rainfall seen in the townships of Zeeldadhestown, and Georgetown. Flooding was obsextved
the intersection of 4% Street and Kenowa Avenue in Georgeown Townshipatewflowed into the
spillway at Timmer Dam, in Zeeland Township. Then,May 20-21, 1996, rains of 3.5 to 4.5 inches led
to extensive flooding in the city of Holland anddarrounding rural areas. Early in the afterndd®;31
was closed between Lincoln and"8Street, where a half-mile portion of the highwagswcovered with
water under the railroad overpass nedt 8fieet. Later in the evening, US-31 at Washindteenue was
also closed. The peak of flooding occurred betw&an 9 p.m. on May 20. A partial washout of t8&'3
Street bridge took place, where it crosses thepTatiercounty Drain. In the City of Zeeland, Noelabs
Creek overflowed its banks and flooded streets yards near 10% Avenue and Alice Street. Chicago
Drive, from the east of the Zeeland city limitsHadsonville, was also under water for a periodragt In
addition to the widespread residential property @geto homes with flooded basements, a vehiclesldd
from a flooded road along Adams Street ned? 80enue in Zeeland Township, into a tributary o th
Black River. The driver was able to escape froembhicle but was swept under the bridge by theeotir
and forced to cling to a tree until rescuers adiv@&@he National Climatic Data Center reported $200 in
property damage from this flood event.

Between May 1 and June 16, 1997, the U.S. Depattoemgriculture granted a disaster
declaration to Ottawa County. This made area fesrakgible for low-interest federal disaster loaafer
heavy rains had caused flooding in the county.

On June 20-21, 1997 a series of intense thunderstpassed through West Michigan, spawning
heavy rainfall that flooded many areas in Ottawai®p, among others. Ottawa County officials repdrte
damage to 111 homes and five businesses, in adddioearly $700,000 in public damages. On June 27,
1997, a Governor’'s Disaster Declaration was gramte@®ttawa County to provide supplemental state
assistance for the public damage. The SBA provided interest disaster loans to those homes and
business owners that suffered uninsured damagetfrerfiooding or wind.

After rain and warm temperatures had caused egistimow to melt on March 18-19, 1998,
flooding eventually occurred along the Grand RiveKent and Ottawa Counties, between March 22 and
25. In Robinson Township, the river crested aflded stage of 13.3 feet, and stayed at that |&edll
three days. Fortunately, no property damage wasted, since only minor flooding had occurred.

In May 2004, a stationary front over lowa, Wisconsind Michigan brought severe thunderstorms
and heavy rains, which caused wide spread floodireg Southern Lower Michigan. Much of the rainfall
occurred in saturated areas that had experienclieéhlwove average precipitation for the month of May
Backyards were submerged under several feet ofrwatdal rainfall over the Grand River basin from
May 20th through June 3rd varied from four to asimas seven inches. It was the biggest and longest
duration flooding event in the past ten to twengans across southwestern and south central Lower
Michigan. It was the third wettest May on record Grand Rapids. A Presidential Major Disaster
Declaration was granted for 23 counties in Michigaruding both Kent and Ottawa County.

In January 2005, Robinson Township in Ottawa Couwartgured heavy flooding of the Grand
River caused by run-off and a miles-long ice dafhe river peaked at 18.3 feet, five feet abovedioo
stage. The areas remained flooded for several, dsya prolonged cold spell slowed the flood water’
retreat. The flooding, which occurred about 20 milgest of Grand Rapids, affected homes in two
Robinson Township neighborhoods. At least one masl covered by three feet of water. The river ugual
runs about 10 feet in the area during that timénefyear, but during the morning of the flood thetev
level had risen to 17.6 feet, which is 4.3 feetv@bfbood stage. A state of emergency was declaretd
township. About 50 homes and businesses were dahmagdestroyed and their residents were evacuated
for a period of months, in many cases. The Citsadnd Rapids placed bridges on 24-hour watch again
the rising ice threat. Governor Granholm hopedstage would seek a federal disaster declaration.

On January 23rd, 2005, the ice jam that had forarethe Grand River downstream from the city
of Grand Rapids had caused river levels to rise the 6th Street Dam, flooding Comstock Park. A fl
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over by a local TV station indicated that the iamjextended from Grand Haven (near Lake Michigan)
through the city of Grand Rapids, a distance of @geriver miles.

On January 31st, 2008, an ice jam formed on thexdsRiver downstream of Comstock Park,
resulting in backwater flooding that reached atcBe®5 feet above flood stage on February 3rd. rivves
froze in place and remained above flood stagelfoost 10 days. The flooding impacted multiple heme
along Abrigador Trail, Konkle Drive, and Willow vé. Several residents had to be rescued by boat.

Beginning on June 6, 2008, severe weather impaetelye counties (including Ottawa County)
and resulted in a federal disaster declaratione Niational Weather Service reported two flash flotidht
exceeded the “100-year” threshold, confirmed tHE€d tornadoes, and also noted severe thunderstorms
with winds that exceeded 100 mph. Rainfall tota¢ésevestimated between 7 and 12 inches, exceeding th
“100-year” rainfall values of 3.5 inches in lesanh6 hours. Flash flooding washed out roads, fldode
crops, and caused moderate flooding of rivers &neass. A large severe thunderstorm squall linectéd
southwest Michigan on June 8, with winds of 75@0 inph.

In December 2008, about $3.6 million in flood daemgccurred in Ottawa County. This event
resulted in county emergency declarations. In 2089, about $34 million in flood damages occuted
some 2,000 homes in Ottawa County. The county detla local state of emergency. On December 24th,
2008, an ice jam had formed on the Grand River dtneam of Comstock Park and resulted in backwater
flooding that reached a crest 3.19 feet above ltwdfstage on January 1st, 2009. The river rerdaine
above flood stage for 12 days. The flood impactedtiple homes along Abrigador Trail and Willow
Drive. A record warm temperature of 60 degreeSiand Rapids on December'2along with over an
inch of rain, resulted in widespread flooding innfK€ounty. During this event, the rain and sigpaifit
snowmelt resulted in the closure of 26 roads intk&sunty, due to flooding.

On May 31st, 2010, a flash flood occurred in K€ounty near the city of Rockford. The flash
flood caused multiple roads to be washed out, dpp#t culverts, and flooded several homes. Omaeho
had over 8 feet of standing water in its basemdine water in the basement was from overland float t
broke out a basement window and filled the recefitished basement. Minor flooding also occurred
along the Rogue River near Rockford.

The Federal Emergency Management Agency has ahisbgry of flood mitigation. Floodplain
maps are available which identify vulnerable sues$ in an effort to mitigate future flooding. Ken
County and Ottawa County have structures locatedens that are prone to flooding. Recurring flogd
typically occurs along the Grand River in the aredfRobinson Township in Ottawa County, and in
Plainfield Township in Kent County. Several steegtong the river had been built in floodplain ate@he
most heavily affected areas are can be generaligritbed as the areas of Abrigador Trail, Limberlost
Lane, and Van Lopik Avenue, plus some areas alonghNCedar, 120 Avenue, and 118 Avenue.
Floodplain areas for both Kent and Ottawa Courdiesshown on the following pages. FEMA-fundable
flood mitigation projects have been prepared, idicig about 2 dozen flood-prone structures in Pielicf
Township and the City of Grand Rapids. (q.v. tlezdrd mitigation action section and community
subsections of this plan.)

According toThe Holland Sentinel newspaper (January 1, 2000), the heaviest raiadaiht in the
area (the City of Holland) took place on July 1d &8, 1982. On those dates, 11.0 inches of rhwke
recorded. The second-highest rainfall measuremeetsrred on May 20-21, 1996, with 7.7 inches of
rainfall. Ranked 8 through §' were events on June 16, 1972 (4.71 inches), Jut667 (4.16 inches),
and June 21, 1997 (4.1 inches). The news artiae sovering the worst rainfall events of the eriigd
Century.
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Kent County — Map of Approximate Floodplain Locations

In addition to the prominent areas marked for tk@segly populated areas of Grand Rapids, Walker,
Grandville, Kentwood, and Wyoming, it must be notiealt flooding is reported almost every year in som
areas of Plainfield Township. The especially higk areas of Plainfield Township are located altimg
Grand River. Homes had been built in an areawlset then identified officially as a floodplain blyet
NFIP, and in other locations there have been rbbmtked by flood waters—particularly in the spriaigd
early fall. Some of the major floods in Plainfiel@wnship have occurred in 1986, 1997, 1999, 2000,
2001, 2004, and 2010. Recent significant floodneven Grand Rapids occurred in 1995, 1996, 1997,

2004, and 2009.
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Ottawa County — Map of Approximate Floodplain Locatons

Ottawa County

Flood Area Maps o o
20086 S
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In Kent County, it was actually possible to ideytl the properties in identified floodplains, dligh the

use of county property information. A computerizathlysis assessed the location of many thousands o
potentially floodprone properties in relation te tbfficially mapped floodplains, and these progartivere
then sorted by community and structure type (a$ ageproperties with no built structures). Thddaing
table provides the results of this analysis for K&wunty. Properties that overlap with identified
floodplains were all counted here, but that doesetessarily mean that the locations of built $tmes on
those properties were also in the floodplain, oremaulnerable to flooding. The following table ralyr
provides a liberal estimate of the number and tyggsoperties potentially at-risk from floodplaialated
events in Kent County.

Kent County - - - Properties with structures (structure tyéelil below) - - - No structures
Properties in Residential Industrial Commercia Agricultural Texempt Vacant
floodplain:

Ada Township 363 3 43 1 29 84
Algoma Twp. 173 17 2 25
Byron Twp. 2 2 2
Caledonia Twp 427 1 2 5 7 126
Cannon Twp. 552 9 2 70
Cascade Twp. 599 19 49 108
East Gd. Rapids 132 4 7 27
G. Rapids Twp 1 2
Grand Rapids 8234 211 992 290 436
Grandville 678 155 189 21 77
Kentwood 570 5 46 9 52
Plainfield Twp. 659 29 84 15 10 383
Rockford 3 1 1
Sparta Twp. 153 1 31 1 16 35
Tyrone Twp. 2

Walker 8 40 1 15 42
Wyoming 514 57 127 99 112
TOTAL: 13,070 502 1549 39 557 1582

In Ottawa County, such a feat was not managedlhesatime. General descriptions have already
been provided of the greater risk areas, along avittap of approximate floodplain locations anddrisal
summaries of previous major events there. Howeadditional emphasis will also be given to the
Robinson Township flood-risk areas, which have bgeffiering for more than a decade and have been
prioritized for flood mitigation activities. Pleagefer to the “Additional Flood Analysis” sectighat
follows the subsection on “Urban Flooding,” below.

Existing Prevention Programs

Michigan Flood Hazard Regulatory Authorities addréeod mitigation. The Land Division Act,
PA 288 or 1967, as amended, governs the subdividitend in Michigan. The Act requires review a¢th
local, county and state level to ensure that timel laeing subdivided is suitable for developmentsTh
includes reviews by the Drain Commissioner and Dii&). Several other parts of Act 451 are used to
mitigate flooding: the Floodplain Regulatory Authgy Part 31; Soil Erosion and Sedimentation Cdntro
Part 91; Inland Lakes and Streams, Part 301; Wail@rotection, Part 303; and Natural Rivers Program
Part 305. Other programs affecting flood mitigatioclude the Flood Mitigation Assistance Program,
Repetitive Flood Claims Program, Severe Repetitiwes Program, Flood Management and Mitigation
Education, Road Infrastructure Flood Mitigation Coittee, State and Federally-Assisted Relocation of
Floodprone Properties, and other State and Fegéekaflisted Flood Hazard Mitigation Projects (e.ge-P
Disaster Mitigation Program, Hazard Mitigation Gr&mnogram).
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Risk/Likelihood

Identified floodplain areas, by definition, haveledst a 1% chance per year of flooding. Within
these floodplain areas are locations that, as dlredentified and described, experience damagiogdi
with a much greater probability. The history ofrdaying events speaks for itself, with floods takntace
in these most vulnerable locations approximategrgyear or two, on average.

Urban Flooding

Summary
Urban flooding is a hazard in metropolitan areaG&fater Grand Rapids. Long term commitment
to the prevention of combined sewer overflows (CS@s and will continue to reduce this hazard.

Hazard Description

Urban flooding occurs in developed areas wheniegigirainage systems cannot carry water away
from low-lying areas of impervious pavement and elepment. As land is converted from fields or
woodlands to roads and parking lots, it loseshitbta to absorb rainfall. Urbanization increasesoff two
to six times over what would occur on natural texr®uring periods of urban flooding, streets casdme
swift moving rivers, while basements and viaduets become death traps as they fill with water.

Several factors contribute to flooding. Two keynedmts are rainfall intensity and duration.
Intensity is the rate of rainfall, and durationhisw long the rain lasts. Topography, soil condgioand
ground cover also play important roles. Most fldlsloding is caused by slow-moving thunderstorms,
thunderstorms repeatedly moving over the same ardagavy rains from hurricanes and tropical storms
Floods can be slow or fast-rising, but usually dewever a period of hours or days.

The National Flood Insurance Program has estimggdalmost 25% of all flood insurance claims
come from properties that anet located in “special flood hazard areas” (i.e. ifezd floodplain areas).
Many of these damaged properties have suffered fmaters that were inadequately drained, or from
infrastructure problems or failures that allowed #ttcumulation or back-up of waters into basements
other low-lying areas.

Historically Significant and Related Events

Urban flooding, as the term implies, is concenttateurban areas, so it is not surprising that most
urban flooding has occurred in the metropolitan f@rdrapids area. What were once common urban
flooding incidents have been reduced in frequenuy severity by the adoption of a new waste water
philosophy separating storm water run-off from #Hamitary sewer system. Much effort and money has
been committed to a long term plan to reduce coetbgewer overflow incidents. Progress has been made
in reducing CSOs, but more remains to be doneisny#hars-long effort.

The National Weather Service issues advisories;iveatand warnings when urban flood hazards
threaten the area. An example is provided belowh(partions of it removed to conserve space).

...FLOOD STATEMENT NATIONAL WEATHER SERVICE GRAND RPIDS MI 347 AM EST THU JAN 13 2005
THE NATIONAL WEATHER SERVICE IN GRAND RAPIDS HAS ISUED A

* URBAN AND SMALL STREAM FLOOD ADVISORY FOR... KENTCOUNTY IN SOUTHWEST MICHIGAN ...
OTTAWA COUNTY IN SOUTHWEST MICHIGAN...

* UNTIL 600 PM EST

* AT 345 AM EST... NATIONAL WEATHER SERVICE DOPPLERADAR INDICATED MUCH OF SOUTHWEST
LOWER MICHIGAN HAS RECEIVED AT LEAST AN INCH OF RAN SINCE WEDNESDAY. AREAS NORTH OF I-
96 AND WEST OF US-131 HAVE RECEIVED CLOSE TO 2 INEB. THE COMBINATION OF SNOWMELT AND
RUNOFF FROM THE RAIN HAS CAUSED AREA STREAMS TO RESPONDING ON AREA ROADWAYS AND
RISES ON STREAMS AND CREEKS ARE EXPECTED TO LEAD TMINOR FLOODING OF LOW LYING AREAS
TODAY. ANOTHER HALF INCH OF RAIN IS EXPECTED TODABEFORE COLDER AIR TURNS THE RAIN TO
A BRIEF PERIOD OF LIGHT SNOW.

THIS URBAN AND SMALL STREAM FLOOD ADVISORY REPLACESHE FLOOD WATCH THAT HAD BEEN IN
EFFECT. DO NOT DRIVE YOUR VEHICLE INTO AREAS WHEREHE WATER COVERS THE ROADWAY. THE
WATER DEPTH MAY BE TOO GREAT TO ALLOW YOUR CAR TO ROSS SAFELY.
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Existing Prevention Programs

Michigan Flood Hazard Regulatory Authorities mitigdlooding. The Land Division Act of 1967
as amended governs the subdivision of land in Meohi The Act requires review at the local, coumtyg a
state level to ensure that the land being subdivigisuitable for development. This includes revigmthe
Drain Commissioner and the DEQ. Several other pafrtéct 451 are used to mitigate flooding: the
Floodplain Regulatory Authority, Part 31; Soil B@ms and Sedimentation Control, Part 91; Inland Isake
and Streams, Part 301; Wetlands Protection, P&t 80d Natural Rivers Program, Part 305. Other
programs that relate to flood mitigation includéde Mitigation Assistance Program, Flood Managemen
and Mitigation Education, Road Infrastructure Fldddigation Committee, State and Federally-Assisted
Relocation of Floodprone Properties, and othereStatd Federally-Assisted Flood Hazard Mitigation
Projects, such as the Hazard Mitigation Grant Rnogor the Pre-Disaster Mitigation Program.

The City of Grand Rapids has expended significanting on a floodwall project designed to
decrease urban flooding.

Risk/Likelihood
The risk of urban flooding exists, and is diffictdtpinpoint due to its diffuse and systemic orggin
but is generally decreasing due to the effectoofliined sewer overflow projects and use of grearespa

Flood Mitigation Goals

The overarching Flood Mitigation Strategy for Kamid Ottawa Counties is to apply the principles
of the Unified National Program for Floodplain Maeanent to flood mitigation as follows:
1. Modify human susceptibility to flooding: Encogea and assist with floodproofing homes and
businesses; Improve flood forecasting and warning.
2. Modify the impact of flooding: Raise awarenddsike all levels of the community better prepared to
respond to and recover from flooding.
3. Change the flooding itself: Add floodwater stgga Provide structural protection to developed srea
where possible, without increasing flooding elsenghe
4. Preserve and restore natural resources: Stlierbanks using natural means; Improve the hesit
our rivers.

Controlling floodplain development is the key talueing flood-related damages. Although there
are state and local programs to regulate new dpwedat and substantial improvements in flood-prone
areas, floodplain development in many communitiestioues to increase, resulting in corresponding
increases in flood-related risks and damages. opp®rtunity to mitigate flood hazards rests prityari
with local government, since it controls the regjola or direction of land development. Proper larsg
management and strict enforcement of building ced@smake communities safer from flood hazards and
help reduce the high costs of flood losses.

Additional Flood Analysis

Flooding occurs on an annual basis and can occanyatime of the year. The flooding in the
county ranges from widespread river flooding, teaaturban” flooding and flash flooding. The flondi
can be caused from rainfall, snowmelt, ice jamarmy combination of the three. Late winter andrgpri
floods are, by far, the most common in the are@icglly, frontal systems produce a light to moderiut
steady and widespread, rainfall on a saturated guemk. The upper soil layer typically is frozen and
impervious to moisture infiltration. Runoff is irased by the melting snow pack and the frozen. soils
Flood stages also are commonly increased by baekvraim ice jams, as river ice accumulates whei it
unable to flow around bends or past obstacles.

Spring and summer thunderstorms sometimes prodteese rainfall, damaging winds, and halil.
Flooding is possible from these storms, with urbadiareas more prone to flash flooding. Summer and
fall floods that are caused by intense, localizaghtlerstorms can be as significant as those caused
widespread rainfall on snow pack and frozen soils.

The Grand River Basin is the largest river basirthe State and the largest river in the area.
Almost all of Kent County, and a large portion at&@va County, drains into the Grand River Basite T
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entire Grand River Basin covers an area of 5,51@arggmiles of relatively level to hilly land. Theain
stem of the Grand River rises near the State'dieoutboundary at an elevation of 1,040 feet abeze s
level, flows northward for about 70 miles and tlveastward for another 190 miles until it flows tokiea
Michigan at an elevation of 580 feet above sealleVebutary rivers are the Portage, the Red Cetthar
Looking Glass, the Maple, the Flat, the Thornapple] the Rogue. The basin is underlain by glacial
deposits except for a few small areas in the hetmtw@f the Grand River and a short stretch altweg t
river at Grand Ledge where sedimentary rocks appsed. Only 15 percent of the basin is wooded,
mostly along the water-course and in hilly landi& test of the basin consists of farmland and uzkdn
areas. The largest urbanized areas in the Gramgl Biasin are: Grand Rapids, Lansing, Jackson, and
Grand Haven. The average slope of the Grand Rsvar8 feet per mile. From its source in Jackson
County to the City of lonia (90 miles upstreamtsfrinouth and just east of Kent County), the slep2.4
feet per mile. From lonia to its mouth at Lake Magan, the slope is 0.6 feet per mile. Averagelthsge

by water year of the Grand River at Grand Rapidsduhe past 50 years has ranged between 1,500 cub
feet per second to 6,300 cubic feet per seconck r&bord flood on the Grand River was in 1904, with
discharges of 54,000 cubic feet per second at GRamids. The major uses of surface water in tisinba
are for recreation purposes and power generation.

The area generally has a series of freeze-thavesybroughout the winter months, which keeps
total snow depth fairly low, but makes this arehjsct to frequent flooding due to snowmelt, raihtai
frozen ground, or rain on snow cover. There nomyniallsnow cover throughout the winter months, with
spring runoff then usually occurring from Marchabgh April.

When cold weather (usually from late December thholarch) is followed by a thawing period,
numerous local ice jams and extensive ice bridgeg farm. In general, the effect of ice jams wil the
ponding of water above the ice jam. To cause ggrice jams, rapid inflow to rivers and streams tmus
occur. This is generally caused by significant rand snow melt. Water will initially flow on topf @
completely frozen river without dislodging the icever. As the depth of liquid water increases the
buoyancy force of the ice causes it to rise todheace of the liquid water. Once the ice bregksiiu
moves downstream and often forms ice jams. Theseonditions are potentially dangerous to life and
property, both upstream in the backwater area filooding, and downstream, when sudden releases of
river water are made as the ice breaks up or mov¥eslong as the flow arriving above the ice jam is
increasing, the ice jam flood threat will increas€older temperatures will strengthen the ice jard a
cause more upstream flooding, while warmer tempegatwill weaken the ice jam and may cause a
sudden release of the impounded water. The nasituation involves fluctuations in the river levelka
few feet as the ice jam breaks up, moves downstreasforms, and breaks up again. Most rivers and
streams in Kent County have wide floodplains thidvwa water to flow around most ice jams. This
prevents extremely large volumes of water from bagkip. Ice jams in Michigan generally do not fesu
in flash flooding. However, at times, rapid fluations in water levels can result if the ice jaraaks up
suddenly.

Dam failures represent a particular problem forligufotification and warning, as they may occur
for a variety of reasons, and over varying timeials. A dam may simply erode and empty slowty, o
under catastrophic conditions, a dam may fail duanheavy rainfall event or earthquake. The ladfer
these presents a dangerous flash flood situationhe Kent-Ottawa area, multiple dam breaks tolalce
on September 10th and 11th, 1986. Over those awe, detween 8 and 17 inches of rain fell overraént
Lower Michigan. In addition to widespread floodinl dams failed and 19 others were threatened,
resulting in the evacuation of 1500 people dowmstref these dams. During this event, in Kent Cpunt
the Childsdale Dam failed on the Rogue River. egavsignificant to high hazard dams exist in theaa
A dam with a classification of “high hazard” indiea that the dam is located where a failure mageau
serious damage to inhabited homes, agriculturdtiingis, campgrounds, recreational facilities, indak
or commercial buildings, public utilities, main higays, or class 1 carrier railroads, or where
environmental degradation would be significantwbere danger to individuals exists with the potrfor
the loss of life. A dam with a significant hazaeding is a dam located in an area where its failaay
cause damage limited to isolated inhabited hongecudtural buildings, structures, secondary higisya
short line railroads, or public utilities, or whezavironmental degradation may be significant, beke a
danger to individuals exists. The Emergency Manmage Offices have emergency action plans for these
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dams. These plans are updated on a regular basisxamncises are held in the Emergency Operations
Centers (EOCs) to test the plans.
Several large and small waterways have been idehtify the National Flood Insurance Program
for study, including the Grand River, Thornapplesd®j Rogue River, Plaster Creek, Buck Creek, Mill
Creek, and Indian Mill Creek. The larger riveessé defined flood stages. The National WeatheviSer
defines flood stage as the water elevation le\alltlegins to cause impacts upon safety and/or gyope
The Grand River at Lowell takes about 5 days tatcrdributaries such as the Flat River do not
contribute significantly to the crest at Lowell.hd crest at Lowell is primarily a result of whatci@ming
down from lonia. Flood stage for the Grand Riaetowell is 15 feet. The top 20 historical crests
shown below:
(1) 19.00 ft on 03/22/1948
(2) 18.50 ft on 04/08/1947
(3) 17.80 ft on 03/19/1942
(4) 17.38 ft on 04/02/1960
(5) 17.26 ft on 03/07/1976
(6) 17.17 ft on 05/26/2004
(7) 16.85 ft on 10/03/1986
(8) 16.80 ft on 03/18/1943
(9) 16.40 ft on 03/19/1982
(10) 16.40 ft on 04/06/1950
(11) 16.12 ft on 05/12/1956
(12) 16.10 ft on 02/15/1938
(13) 15.90 ft on 10/04/1981
(14) 15.80 ft on 02/24/1997
(15) 15.75 ft on 12/30/2008
(16) 15.50 ft on 03/09/1946
(17) 15.10 ft on 04/08/1985
(18) 15.02 ft on 04/30/2009
(19) 14.86 ft on 05/21/2000
(20) 14.00 ft on 04/25/1999
The Thornapple River at Caledonia can have a doatdst due to contributions from local
tributaries and the main stem that flows through lthBarge Dam, located just upstream. The firsstcr
occurs in about 12 hours from the local area. Séwond crest occurs in about 4 days. Flood staghé
Thornapple River at Caledonia is 10 feet. The20istorical crests are shown below:
(1) 14.40 ft on 04/07/1947
(2) 11.43 ft on 02/27/1985
(3) 11.21 ft on 05/26/2004
(4) 10.96 ft on 04/22/1975
(5) 10.79 ft on 05/10/1956
(6) 10.60 ft on 02/22/1997
(7) 10.60 ft on 04/02/1960
(8) 10.33 ft on 12/28/2008
(9) 9.87 ft on 03/15/1986
(10) 9.86 ft on 03/09/1979
(11) 9.79 ft on 05/19/2000
(12) 9.59 ft on 10/05/1986
(13) 9.58 ft on 04/23/1993
(14) 9.47 ft on 06/11/2008
(15) 9.44 ft on 12/01/1990
(16) 9.37 ft on 02/15/2001
(17) 9.25 ft on 03/08/1976
(18) 9.15 ft on 01/16/2005
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(19) 9.10 ft on 01/05/1993
(20) 8.96 ft on 04/13/1952
The Grand River at Ada crests in about 5 days.stGsemostly from the water coming down the
Grand River from Lowell, however, the Thornapplerd®ican contribute 2 to 3 feet to the crest. Flood
stage for the Grand River at Ada is 20 feet. Tpe20 historical crests are shown below:
(1) 21.60 ft on 02/28/1986
(2) 21.56 ft on 05/26/2004
(3) 21.55 ft on 02/28/1985
(4) 20.75 ft on 03/08/1976
(5) 20.72 ft on 02/24/1997
(6) 20.65 ft on 10/10/1986
(7) 20.65 ft on 03/18/1982
(8) 20.05 ft on 12/31/2008
(9) 20.00 ft on 10/04/1981
(10) 19.45 ft on 04/23/1975
(11) 19.22 ft on 04/04/1985
(12) 18.95 ft on 03/08/1974
(13) 18.84 ft on 05/21/2000
(14) 18.72 ft on 01/05/1973
(15) 18.26 ft on 02/13/2001
(16) 18.23 ft on 05/01/2011 (provisional measureinen
(17) 18.21 ft on 03/17/1990
(18) 18.20 ft on 02/14/2001
(19) 18.00 ft on 06/22/1996
(20) 17.80 ft on 01/16/2005

The Rogue River at Rockford crests in about 1 ddgod stage for the Rogue River at Rockford
is 8 feet. The top 20 historical crests are shbelow:
(1) 11.35 ft on 09/13/1986 (no longer listed uNd&GS streamgage info; different datum?)
(2) 9.29 ft on 03/06/1976
(3) 8.84 ft on 12/29/2008
(4) 8.76 ft on 03/14/2006
(5) 8.62 ft on 10/02/1981
(6) 8.62 ft on 05/19/2000
(7) 8.61 ft on 06/01/1989
(8) 8.60 ft on 05/17/1974
(9) 8.59 ft on 03/31/1960
(10) 8.50 ft on 06/21/1996
(11) 8.43 ft on 05/31/2010
(12) 8.40 ft on 09/01/1975
(13) 8.34 ft on 02/21/1994
(14) 8.32 ft on 02/23/1997
(15) 8.30 ft on 06/25/1994
(16) 8.27 ft on 03/15/2007
(17) 8.23 ft on 03/06/2004
(18) 8.08 ft on 02/13/2009
(19) 8.06 ft on 04/13/1965
(20) 8.00 ft on 03/17/1982
The Grand River in Comstock Park crests in abotidys. A sharp rise may occur in the first 24
hours due to the contribution of local tributargesl urban areas. The next 2 days will show a siesvor
leveling off trend until the water from upstreamkea its way down to Comstock Park. The crest at
Comstock Park is mostly a function of the water c@pdown from Ada. The Rogue River is not a major
contributor to the crest at Comstock Park, which add about a quarter of a foot to the crest at STock
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Park. The flood stage for the Grand River at CosisPark is 12 feet. The top 20 historical crests
shown below:
(1) 17.75 ft on 03/22/1948
(2) 17.45 ft on 04/09/1947
(3) 16.70 ft on 03/01/1985
(4) 16.60 ft on 05/27/2004
(5) 16.15 ft on 03/03/1960
(6) 16.00 ft on 10/04/1986
(7) 15.90 ft on 03/08/1976
(8) 15.40 ft on 03/01/1971
(9) 15.33 ft on 04/07/1950
(10) 15.19 ft on 01/01/2009
(11) 15.00 ft on 02/25/1997
(12) 15.00 ft on 03/05/1986
(13) 14.85 ft on 02/04/2008
(14) 14.73 ft on 03/08/1974
(15) 14.70 ft on 05/01/2009
(16) 14.50 ft on 05/21/2000
(17) 14.50 ft on 04/09/1985
(18) 14.28 ft on 04/23/1975
(19) 14.00 ft on 06/05/1989
(20) 13.84 ft on 01/05/1973
The Grand River in Grand Rapids crests in aboutdays. A sharp rise may occur in the first 24
hours due to the contribution from local tributareend urban areas. The next 2 days will showa gz
or leveling off trend until the water from upstreanakes its way down to Grand Rapids. The crest at
Grand Rapids is mostly a function of the water cagrdlown from Ada. The Rouge River is not a major
contributor to the crest at Grand Rapids—it can @olout a foot to the crest at Grand Rapids. Tdwdf
stage for the Grand River at Grand Rapids is 18 f€be top 20 historical crests are shown below:
(1) 22.49 ft on 03/28/1904
(2) 21.36 ft on 03/23/1948
(3) 20.66 ft on 01/24/1907
(4) 20.56 ft on 04/09/1947
(5) 20.26 ft on 06/09/1905
(6) 19.64 ft on 03/01/1985 (highest peak currelighed on USGS streamgage records for current datum
(7) 19.54 ft on 05/27/2004
(8) 19.29 ft on 03/08/1976
(9) 19.25 ft on 04/03/1960
(10) 19.25 ft on 10/04/1986
(11) 19.06 ft on 03/20/1942
(12) 18.83 ft on 03/19/1982
(13) 18.56 ft on 03/20/1919
(14) 18.56 ft on 03/18/1918
(15) 17.96 ft on 03/30/1916 (National Weather Sarlood stage is at 18.00 feet.)
(16) 17.96 ft on 04/07/1912
(17) 17.87 ft on 02/25/1997
(18) 17.84 ft on 12/31/2008
(19) 17.70 ft on 05/13/1956
(20) 17.42 ft on 05/22/2000
There are several small streams and creeks in thad@Rapids Metropolitan area that tend to
flood any time one to two inches of rainfall oceuthin several hours over the urban drainage baslie
most significant of these small streams and craekshe following:
Plaster Creek - Plaster creek tends to crest intak®- 24 hours. No flood stage has been estedulis
Buck Creek - Buck creek tends to crest in abouta8hours. No flood stage has been established.
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Mill Creek - Mill creek along West River Drive indinstock Park tends to crest in about 6 - 12 hous.
flood stage has been established.

Indian Mill Creek - Indian Mill creek near Alpinew&. in the city of Walker tends to crest in about’®
hours. Alpine Ave. is a major growth corridor amtbanization is increasing the flood threat. Nwmd
stage has been established.

There are not as many stream gauges being usettawa County. The USGS waterwatch web
site at http://waterwatch.usgs.gov/new/?m=real&r=mi&w=mdipts current information only for the
Macatawa River at State Road near Zeeland. Pettk {eaels at that gauging location were listed as:
(1) 16.45 ft on 06/20/2009
(2) 13.50 ft on 06/08/2008
(3) 12.57 ft on 10/30/2009

As of 12/17/2010, there were 724 flood policieshwa total coverage of $141,864,000. Since
1978, 373 flood insurance claims have been paldeint County for a total worth of $3,372,307. Setie
out of 34 communities in Kent County and all ofaf County’s 24 participate in the National Flood
Insurance Program. Plainfield Township is the adgnmunity within Kent County that participatesie
NFIP Community Rating System (CRS) at a level Sictwhowers flood insurance premiums by 5%. The
following is a list of communties within Kent andt@wa Counties, sorted according to their curr2af. )
NFIP participation status.

Current NFIP participants include (in Kent Counga Township, Algoma Township, Alpine
Township, Caledonia Township, Cannon Township, @asd ownship, East Grand Rapids, Grand Rapids,
Grandville, Kentwood, Lowell, Plainfield Townshigparta Township, Village of Sparta, Walker,
Wyoming, and (in Ottawa County) Allendale TownshiBlendon Township, Chester Township,
Coopersville, Crockery Township, Ferrysburg, Getwg®m Township, Grand Haven, Grand Haven
Township, Holland, Holland Township, Hudsonvilleandestown Township, Olive Township, Park
Township, Polkton Township, Port Sheldon TownsHRmbinson Township, Spring Lake Township,
Village of Spring Lake, Tallmadge Township, Wrigrawnship, Zeeland, and Zeeland Township.

There are no known communities within Kent or @aaCounties that have been “sanctioned” by
the NFIP (and thus ineligible to participate). Hmwer, a comparison of the list of participants veitlist of
all communities within the region reveals that tbbowing Kent County communities were not offidial
recognized as NFIP-participating communities, ashef latest (2011) FEMA Community Status Book:
Bowne Township, Byron Township, Village of CaledmnCedar Springs, Courtland Township, Gaines
Township, Grand Rapids Township, Grattan Townshipyell Township, Nelson Township, Oakfield
Township, Rockford, Village of Sand Lake, Solon Twmlvip, Spencer Township, Tyrone Township,
Vergennes Township. (All communities in Ottawa Giyuare NFIP participants.)

There is also an official FEMA/NFIP list identifyg “repetitive loss properties” that have made
multiple claims within the past few decades. R#ipetloss structure have been officially defineg b
FEMA as an NFIP-insured structure that has hadattIltwo paid flood losses of more than $1,000 @ach
any 10-year period since 1978. The following infation summarizes the repetitive loss properties
identified within Kent and Ottawa Counties in thesncurrent available data from FEMA (March 2010).

Kent County Repetitive Loss Properties
Ada Township 4 single-family residential properties, all orettame street alongside the east bank of the
Grand River, totaling more than $150,000 in flo@ages involving 10 separate insurance claims. The
average total claims per property was more than0®D7 Only 3 distinct addresses are given in the
repetitive loss listings, suggesting that thereaateally only three properties rather than fomd that the
average total per property was most probably omtter of $22,670 rather than $17,000.
*** One property was misclassified by FEMa#s being located in Grand Rapids, but was actialida
Township on the banks of the Grand River, according toatisiress — this single-family residential
property reported $17,593 in damages across 2ansarclaims, averaging $8,796 apiece, and brintieg
total repetitive-loss properties in the townshigpto
Algoma Township 2 listings involve the same address, a singléffarasidential property, located on the
banks of the Rogue River, and totaling $18,680amalges across 5 claims averaging $3,736 apiece.
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East Grand Rapidsl single-family residential property located nd@eeds Lake, totaling $50,658 in
damages across 2 claims averaging $25,329 each.

City of Grand Rapids10 properties - 2 near the Grand River (1 sifigiedly residential, 1 a non-
residential downtown office complex), 5 at differdocations near the Kenosha Creek (4 single-family
residential not all in the same area, 1 non-resialeindustrial facility distant from the other gerties), 1
nonresidential office building near a tributary ttee Kenosha Creek, 1 large non-residential indalstri
facility at a creek-side location not too far fralowntown. The total flood damages paid on these 10
properties, across 24 claims, was about $1,342,207.

Grandville 1 single-family residential property located néae Buck Creek, totaling $3,428 in damages
across 2 insurance claims.

Plainfield Township 9 single-family residential structures, all nélae banks of the Grand River (but at
various locations across the township, not all reeah other), totaling about $172,400 in damagessac
25 separate flood claims.

Village of Spartal single-family residential structure, locatecdan&lash Creek, totaling about $124,397
across 6 separate flood claims averaging more328000 each.

Wyoming 4 single-family residential structures near B@rkek (or its tributaries), totaling about $94,000
in damages across 10 separate insurance claims.

Ottawa County Repetitive Loss Properties
Georgetown Townshipl single-family residential property not locatadjacent to any clear hyrological
drainage feature, totaling more than $3,600 in dgsacross 2 flood claims.
Holland Township 4 properties, 3 single-family residential (2 |wmwh near the Macatawa River, 1 near
Sawyer Creek) and totaling about $133,756 in damaggoss 7 insurance claims, and 1 large non-
residential commercial structure (not located reay clearly apparent drainage feature of hydrokigic
risk) totaling more than $27,100 in damages ac2adaims.
Park Township 4 properties, all non-residential industrial/wasase structures located near Lake
Macatawa, totaling about $155,688 in damages a&assurance claims.
Robinson Township3 single-family residential properties locatecaméhe Grand River, totaling about
$89,732 in damages across 8 insurance claims.
Spring Lake Townshipl single-family residential property located n&gqring Lake itself, totaling about
$4,122 in flood damages across 2 insurance claims.
Tallmadge Townshipl single-family residential property located néxtthe Grand River, totaling about
$57,181 in damages across 4 flood claims.
City of Zeeland 1 single-family residential property located n&awyer Creek, totaling about $18,385 in
flood damages across 2 insurance claims.

Causes of Flooding

Nationally, riverine flooding is the most commonrfoof flooding, and many events in Kent and
Ottawa Counties are also caused by high river ¢exedpecially in the areas along the Grand Rivdrian
the Macatawa River watershed. In the spring, theflow of waterways tends to be encouraged bydrapi
snowmelt. The problem is compounded when the sra@tvim accompanied by heavy rainfall. If the
ground beneath the melting snow is still frozerenthts permeability is low and the snowmelt flows
downhill instead of into the ground (as it tendsdtoing other times of the year). During the wirded
spring months, ice jams can be a primary causédoofifconcern, both for communities located near or
upstream of the dam (where backlogged waters meynadate) as well as to downstream communities
that may become inundated by flash flood effectswdin ice jam finally melts or breaks apart andasés
the excess volume of trapped water. In warm weathers typically overflow after extended perioofs
heavy rain, or when extremely heavy precipitatiaitsfwithin an unusually short period of time. Ljagns
may result in problems similar to ice jams. Seditagon in rivers and drains may gradually diminils&ir
capacity to carry away water.

Urban flooding has often occurred when storm seveerd drains have overflowed or been
inhibited (through blockage or power failures, &@ample). Greater Grand Rapids has been undergoing
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sewer upgrades, through the separation of its auedbsewers, but in the cities of Holland and Ze#&lan
flooding has often occurred due to overflowing stosewers and drains. The problems stem from
historical design standards, financial limitatioasd increased quantities of water flowing into slgstems
due in part to upstream land developments over.tifRer years, several neighborhoods in Holland had
experienced flood problems with any excessive miant. One source of flooding there involved a
sanitary sewer line that was located in front aft@rm drain pipe and inhibited the path of outflogyi
water. Flooding also occurred in a neighborhoad teas located at the low end of an 847-acre waers
emptying into Lake Macatawa through a major sewankt line. The water outlet in the lake was under
water and lacked the pressure to carry storm waterthe lake, thus causing backups during heairy ra
events. In Zeeland, local sanitary sewer liftistet have not always been able to handle the Emgsunt

of water that flows from heavy rain events, andewand sewage backups into homes have resulted,
through the sewer lines these. Power outages &lavecaused Zeeland lift stations to fail, resgltin
similar backups into homes.

In Zeeland Township, Maple Lake condominium resisegxperienced sanitary sewer backups
when the Rose Drain reached flood stage and wateesed an available sanitary sewer manhole. hiblla
Township residents near Quincy Street and™A%enue received wet basements in June 1997 when a
local resident had removed a sanitary sewer mantmler to relieve yard flooding near Pine Creek.
Water then flooded the sanitary sewer system artdresh nearby homes. Continued floodplain
developments would increase the potential for fldachage to homes, businesses, and infrastructude, a
therefore it is vital, in this age with new knowtdof stormwater management techniques, to maiatain
improve the quantity and ability of natural land@s to absorb water, and for drainage infrastracior
properly carry and disperse water flows. Developeelas have a greater proportion of impermeable
surfaces and other land uses that generate highmesl of stormwater runoff, causing rivers to rige t
higher levels more rapidly and thus for the impaét8ooding to become more severe.

Activities to reduce the amount of stormwater dntgthe sanitary sewer system have included:

1. The installation of better seals on sanitaryesawanholes.

2. Raising the height of sanitary sewer manholesealhe level of possible floodwaters.

3. Covering the sanitary sewer openings in opearhaats during new construction projects.

4. Improvements along Bliss Creek in Georgetown fAghip to alleviate flooding near the intersectién o
44" Street and Kenowa Avenue.

5. Construction of a relief drain at the Rose Dinideeland.

6. Construction of a flood control berm near PimeeR in Holland Township, to help protect a honeréh

7. The installation of culverts where US-31 croddew Holland Street, Quincy Street, and Riley Stree

8. Improvements to three dams (Berens, SteenwykTanmer) in the Black Creek Watershed

9. Removal of flood-prone structures in Robinsomiiship, through two PDMP project grants from 2005.
10. The removal of a flood-prone structure in Adaviship, through a PDMP project grant from 2006.
11. An HMGP 1527 project grant for flood-prone pedy acquisitions, through the Kent County Drain
Commission.

12. Ongoing work on flood-prone property acquisisan Plainfield Township, through an HMGP 1777
project grant.

13. A culvert replacement and acquired structur€aopersville, through an HMGP 1346 project grant.
14. The Plaster Creek flood control project in Gr&apids, through an HMGP 1346 project grant.

15. A culvert/bridge upgrade in Kent City, throumim HMGP 1346 project grant.

16. An HMGP 1346 grant-funded stormwater projedfémtwood.

17. Two flood-prone structural acquisition projetitsough the Ottawa County Parks Department (one
through an HMGP 1226 project grant and the otheudih an HMGP 1346 project grant).

18. A culvert project of the Ottawa County Road @assion, funded through an HMGP 1346 grant.

19. The acquisition of 3 flood-prone propertieshia City of Wyoming, through an HMGP 1237 grant.

20. A bridge replacement project (improving watews) in Wyoming, through an HMGP 1226 grant.

21. Two Ottawa County stormwater/drain projectspulgh the Drain Commission and HMGP 1181 grants.
22. An acquisition project in the City of Hollartiyough an HMGP 1181 grant.

23. New acquisition projects for Plainfield Townshthrough HMGP 1777 and PDMP FY 2011 grants.
24. An acquisition project involving 8 structuresGrand Rapids, through a PDMP FY 2011 grant.
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25. A $2.4 million reconstruction of £2Street in Holland, including new storm drain pigesl a relief
drain emptying into Lake Macatawa, intended to mlate most of the flood problems in the downtown
residential areas.
26. Encouraging participation and continued conmgkawith the National Flood Insurance Program.

More detail about some of the most problematicdtpoone areas in the region is appropriate here.
In particular, the flood risks in Plainfield Townphand Robinson Township will be further described
the two subsections that follow.

Plainfield Township Flood Risks and Problems
The Grand River presents the greatest flood tiskesidents of Plainfield Township. An ice jam
in 1997 caused the Grand River to crest at 15(fehe Comstock Park gauge), which was 3 feet@bov
the flood stage. Thirteen homes along Abrigada@ilTwvhich itself was underwater) were flooded, and
portions of other streets had flood problems ad-wetimarily with yard flooding. Two years latehéa
Grand River (at Comstock Park) again crested abievdélood stage, although this time the water pdailte
a less severe stage of 13.2 feet.

Flooded home along Abrigador Trail, when the GrRineer is 2 feet above flood stage at Comstock Park.
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The following year, in 2000, very heavy rains ca&ePlainfield Township, and the Grand River
crested at 14.5 feet on May 24 (at the Comstock Baunge), again placing Abrigador Trail under water
along with Konkle Drive. The next year again saawrflooding, from February 9 to 11, 2011, as heavy
rains combined with melting snow. Many reportsevexceived of standing (undrained) water in lowdyi
and poorly drained areas, and the Grand River geakd-ebruary 13. In March of 2004, the Grand Rive
at Comstock Park again crested above the floocestdigs time at a level of 13.3 feet (1.3 feet abthee
flood stage) and low-lying areas were flooded ngarblore flooding followed in May-June of the same
year, with the river cresting at 16.5 feet (thertbthighest crest there at that time), and appratéty 150
houses were damaged or impacted as well as sevealbusinesses. For example, the fairways on the
Grand Island Golf Course were under water until Iteer half of June. The American Red Cross and
Salvation Army assistance organizations were eaghilined to provide services for flood victims, and
State and Federal disaster declarations also tack po make government assistance available. khare
110 Kent County victims requested FEMA disasteiséasce and received over $87,000 in aid.

The river gauge on the Grand River's Comstock Rarlition monitors water levels and provide a
good indicator of the risks to residents who liveWillow Drive, Abrigador Trail, and (to a lessettent)
Konkle Drive, Riverbank Drive, and Coit Avenue. Atwater level of 12.0 feet (flood stage), minor
flooding begins in the low-lying areas along theeribanks, and flooding occurs on Abrigador Drivel a
Willow Drive. The historical trends show that th@od stage in this location tends to be exceededia8
times per decade. Konkle Drive also begins todlabthis stage. A survey was performed by towmshi
engineers, for their 2007 flood mitigation plargliding Abrigador Trail (47 structures), Konkle #i(14
structures), and Willow Drive (17 structures). skifloor elevations were measured for these strastu
and although specific information will be kept caeitial in this public planning document (it mag b
obtainable as needed, from the Plainfield Chartewriship Planning Department), the following
generalized information about the flood risks iis threa are presented in the following table.

Percentage of Structures Flooded in Events of Varis Frequencies

“5-year” events “10-year” events “25-year” events “50-year” events “100-year” events
(20% annual (10% annual (4% annual (2% annual (1% annual
frequency) frequency) frequency) frequency) frequency)
Abrigador Trall 21% 42% 90% 98% 100%
Konkle Drive 13% 53% 73% 93% 100%
Willow Drive 0% 0% 53% 94% 100%

Various other areas of flooding have also beentifileth on Riverbank Drive, Coit Avenue, and elsevehe

in the township. About once per year, basememtsisy and sometimes the first floors of these ifledt
at-risk structures are flooded in these areas.inQuears with harsher weather, some basementsiiesre
completely filled with flood water. A golf courdes also suffered repeated damage to its landidimg
complete destruction by the force of floodwater®he chart on the next page represents the history o
flooding in the township over an entire centurydamas obtained from the Plainfield Township Flood
Mitigation Plan produced by township engineers m&diewhof).

Plainfield Township has a stormwater ordinance tbquires developers to mitigate the effects of
new development upon wetland areas, but mightladsadjusted to encompass the effects upon retention
and detention basins, as well. The “Lower GraneeRWatershed 319 Project” came out of a secti¢h 31
grant from the Michigan Department of Environmer@alality, for watershed planning, and covers a 10-
county area. More detailed information from thetevshed section 319 study can be found online, at
http://www.gvsu.edu/wri/isc/lower-grand-river-318@gpect-208.htm More than a century ago, the Grand
River's condition had started deteriorating frora tmpact of numerous mills and factories alondpéaks,
and the effects of dams and logs in its watersituRately, many of these trends were halted andesafm
their impacts reversed, as pollution controls arblagical considerations became more heavily
emphasized over time. Plainfield Charter Townskipongly emphasizes the importance of flood
insurance—and not just for properties that havistoty of flooding. It's flood plan states thatthverage
premium for an NFIP policy is not much more tha@®er year (“usually less expensive than intesast
federal disaster loans”), and that such insuranmgldvhave to be purchased anyway if a property owne
receives federal disaster assistance after a flodfficial Flood Insurance Rate Maps (FIRMs) do not

100




identify all possible sources of flooding, and irece is therefore not meant to be limited only to
properties that were identified as overlapping it officially designated flood zones.

Figure 1 - Significant Historic Flood Levels Iliecorded inuPIainﬁeId Charter Township
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Structures in Plainfield Township’s flood hazardheovere assessed according to various criteria
that were used to prioritize them according toulgency of flood mitigation actions. Criteria (risted
here in any particular order of emphasis) inclutiesl current condition of the structures, the extant
connection with public utilities, the presence @l and septic systems, the frequency of floodany]
the difficulty of accessing the property. Struesimwere identified for potential flood mitigationtiaities
on the following streets (with the number of stumes for each street listed in parentheses): Abddga
Trail (49), Bailey Park (1), Canright Street (1itCAvenue (5), Filkins Drive (2), Forest Ridge Awe
(2), Grand River Drive, Grand River Court, Konklen® (12, plus 5 at the golf course), Indian Dr{¥g,
Lovers Lane (2), Mall Avenue (4), Packer Drive (B)ainfield Avenue (1), Purchase Street (6), Ripley
Street (5), Riverbank Drive (21), Rogue River R¢dy Rudy Street (1), Verta Drive (2), Walnut Park
Drive (5), West River Drive (16), and Willow Drivés9). This totals 210 properties, which had a
collective assessed value of more than 12.6 mitliollars (using 2006 SEV).
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Robinson Township Flood Risks and Problems

The other focus area that requires emphasis snpiain is the flood-prone portions of Robinson
Township, which also has the Grand River runnimgugh it. The township had entire residential area
affected by flooding for lengthy periods in 2005hieh finally resulted in a flurry of flood mitigatn
activities. Here is a summary of the multiple e@gahat led to the critical flood conditions of 208.

May 18-20, 2000: Flash flooding occurred duringiti@ning hours of the 18th across Ottawa and
Kent Counties as a result of as much as 5 inchegimbetween 9 p.m. EST on the 17th and 2 a.m. &8T
the 18th. The heaviest band of rain fell in a binch Grand Haven east to Rockford. In Ottawa County
law enforcement reported that the intersection6th @nd Winans streets was completely washed odt, a
that numerous homes were flooded and area scheots slosed. The Grand River crested at 14.8 feet o
May 24, placing Van Lopik Road underwater again.

Feb 9-12, 2001: Extensive flooding began on tleadt a result of the combination of heavy rain
and melting snow.. There were many reports of stgnaater in low lying areas and poor drainage sirea
The event transitioned into a river flood eventbasrthe area. 10 forecast points on 8 differemtrsiwent
above flood stage. However, no lives were lost, anly minor property damage occurred. The Grand
River crested at 13.8 feet in Robinson Townshif-ebruary 15.

Feb 24-28, 2001: Minor flooding began during theerémg hours of the 24th and continued
through the rest of February. The event was prignaririver flood event, and an urban and smallastre
flood advisory was issued at 9:45 p.m. on the 28#veral area rivers crested slightly above flaades
but there were no fatalities, and no significamparty damage was reported.

May 15, 2001: Thunderstorms developed during thenng hours of the 15th, producing several
reports of large hail and high winds. It was alse@ord rainfall event for the Grand Rapids ared, &to 5
inches of rain fell in less than 6 hours across moit southwestern and south central lower Michigan.
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Flash flooding and flooding took place across O#taamd 13 other counties. There were numerous geport
received of flooded roads, basements, and floodfrggnall creeks and streams. Fortunately, howeker,
flash flooding and flooding did not cause any fitited. On May 17, the Grand River crested at 88 in
Robinson Township, again flooding low-lying areas.

Jul 23, 2001: Flash flooding occurred during theyeafternoon hours of the 23rd across mainly
northwestern Allegan county and southwestern Ottasanty. Numerous roads were reported to be
flooded along the Allegan and Ottawa county lingsatea law enforcement. Several reports of flooding
were received from the city of Holland (Ottawa cginA report of 5.51 inches of rain was receiveahi
a trained spotter in Holland Township (Ottawa cgyrat 12:58 p.m. EDT, who also reported several
impassable flooded roads.

March 9, 2004: The Grand River at Robinson createl8.4 feet, flooding low-lying areas nearby.

May 20-June 1st 2004: Heavy rain and thunderstgriagued all of Southern Michigan with 5”
and 6” totals during May 20-24. The great influxvediter caused river levels to swell quickly, reisgftin
widespread flooding, producing flooding along mamga rivers. The Grand River at Robinson township
crested at 16.2 feet at 4 p.m. on May 28, well abthe flood stage (13.3 feet). It was the 3rd tsgjhe
historical crest. By May 27th, it was reported th8thomes in Robinson township were affected bydlo
waters, and some had as much as 3 feet of watieein. Flood damages were estimated at $2.5 Miition
Robinson township, based on county damage assetsnigeven homes in the Van Lopik and Limberlost
subdivisions experienced major flood damage. Gawe@ranholm issued a disaster declaration for 24
counties in Michigan, including Ottawa. Presid&sorge Bush issued a Presidential Disaster Dexdarat
for 19 of the 24 counties, including Ottawa. Tb#dfwing notated aerial photographs show the aseas
homes affected by flooding in this event. Firsailoodplain map produced by the Michigan Departime
of Environmental Quality (MAP A), followed by greatdetail of the floodplain map (MAP B) showing
that Van Lopik and Limberlost homes are locatethin floodway. MAP C and MAP D then give detalil
about the number and location of houses damagsnif004 flood event there.

MAP A

103



January 17-March 2005: Again the Van Lopik and Lembst subdivisions in the north-central
part of the township are severely impacted by fiogdhat resulted from an ice-jam on the Grand Rige
the bend in the river portrayed on MAP E (on arlgi@ge in this plan). The event began on January 1
2005 when the Grand River rapidly went over itoélostage of 13.3 feet. (It would eventually reach
record levels of 18.3 feet by January 21.) Onntieening of January 18, the first rescue of resislavas
initiated, and by 4 pm that day, with water levatsl6.9 feet, utilities were shut off to the twodtied
streets and homes on Van Lopik and Limberlost. s Mrs done for safety reasons. Rescue activities
continued into the early evening of the 18th asréighborhood is evacuated. Extensive media cgeera
of the event was broadcast and distributed. Aitiaffdamage assessment was completed on January 20
(before the river crested, finding 32 homes affdcnd numerous meetings occurred during subsequent
weeks (summarized in an early section of this plahjcording to National Weather Service data,talto
of 30 homes on Van Lopik, and 20 more homes on Ekntoist are affected by flooding as a result of
cresting flood waters.

By January 29, notifications of suspended occupaweye posted on homes in the area.
Representatives of the Small Business Administnaéiorive, inspect the area, and agree to make loans
available under an SBA disaster declaration. Wdadbal wells and septic systems unusable and
contaminated with floodwaters, gas and electriwises shut off by utility companies for a projectad
months, homes flooded and surrounded by water,pasdible damage to frozen water pipes, residents
have had to evacuate the area for a period of wegke American Red Cross became involved in this
event, providing shelter for about 7 families athairch located in nearby Grand Haven. (Most aéfict
families choose instead to find temporary lodginthviriends, relatives, or in motels.)
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MAP C

MAP D
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MAP E

A river gauge exists on the Grand River and is useahonitor the levels of waters there, which
has direct bearing on the safety and comfort atleegs who live on Van Lopik and Limberlost Streets
The gauge is located just east of 120th Avenuencenter of where the Grand River flows along the
northern part of the township. At this point, fleod stage is pinpointed at a 13.3 foot water levd that
level, minor flooding begins in low-lying areas madpthe river banks. This level has been reached or
exceeded more than ten times per decade.

At 13.6 feet, the eastern edge of VanLopik andwestern edge of Limberlost Roads begin to
flood. Flooding begins to occur in low-lying areasDeer Creek Park. At 13.7 feet, two of the hasus
along Van Lopik become surrounded by water. Theaemievels has been exceeded nine times since
1994.

At 13.9 feet, two homes on Van Lopik have abouhghes of water on their first floors while
several others are surrounded by water. This viewet has been reached and exceeded seven tinees si
1994. At 15.0 feet, Van Lopik Road has 1 to 2 f#ewvater over it, and flooding of 19 homes on #aest
end of the road occurs. This water level has lexereded four times since 1994.

At 16.0 feet, Van Lopik Road is under 2 to 3 fektwater, and 19 homes are flooded. These
conditions have occurred three times since 19941740 feet, 29 homes become flooded along Vank_opi
This has occurred in 1994 and now in 2005. Reftoadling conditions were achieved in 2005, as v&ate
crested at 18.3 feet and resulted in major floodih@0 homes on Van Lopik Road, and flooding of 20
homes along Limberlost Road. Van Lopik Road ignestied to be under 4 to 5 feet of water, with water
levels up to “seat-cushion level” inside severahbs.
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Top 12 historic crests (since 1994) for Robinsowiighip Gauge Point on the Grand River:
1. 18.30 feet — January 21, 2005
(35,539 cubic feet per second)

2. 18.00 feet — February 25, 1994

3. 16.20 feet — May 28, 2004
(27,560 cubic feet per second)

4, 15.60 feet — March 28, 1997

5. 14.80 feet — May 24, 2000

6. 14.50 feet — January 27, 1997

7. 13.92 feet — December 31, 1996

8. 13.80 feet — May 17, 2001

9. 13.80 feet — February 15, 2001

10. 13.50 feet — April 28, 1999

11. 13.40 feet — March 9, 2004

(16,885 cubic feet per second)
12. 13.30 feet — March 24, 1998
Flood stage is 13.3 feet at the gauge point — s&® M, above right. Gauge information is from the
National Weather Service station based in GranddRap

MAP G, below, shows the assessed values of parcéie floodplain areas along the Grand River
(which are circled on the map). A survey had bgeriormed on 29 homes located on Van Lopik, and 15
structures on Limberlost, with first floor elevatidata collected by the U.S. Army Corps of Engiaeerd
allowing calculated flood depths for each structuRather than reveal information for specific addes
for all the private residences in the area, forppses of this plan, the information may result hie t
following assessment.

The resulting official damage calculations from slugvey were based on the conditions of January
20 (before the river reached its record crest) astiilmated an average flood depth of an average of
approximately 1.3 feet above the first floor elémas$ for about 35 homes in the area. This sunatgdh
that three of the 35 structures were trailers, wiend to suffer greater damages from flooding. ewthe
river crested a day later, as measured by the NaltiWeather Service, the effects had extendedrte &0
homes in the area, and this expanded flood areadelepened flood levels for the surveyed homesdas
be estimated to have caused damages of approxynttéd of the value of about 5 involved trailersu@h
probably counting them as complete losses), rougbht of the value of approximately 30 permanent
homes, and about 10% of the value of approximai&lyother homes. Based on the assessed values
illustrated in MAP G, an assumption might be mau# the average value in the area is about $50,000.
Although insufficient detail is available to workittv anything other than averages and estimateki t
plan, if that $50,000 estimate is applied to thevabdistribution of structure types and flood dspttne
resulting total damage would be estimated at $&2bfom this single event. In addition to theseebu
structural damages must be added the damages te tontents (estimated as 30% of the value of the
home), the loss of water, septic, and electricisesv(for more than 7 weeks and counting, at tie this
document was last revised) displacement costsaftaiesidents (the township average is 3 per haldgh
who have still not been able to return to their Bepdisruption to the schedules and work of arsideats,
the closure of these two roads, and response andaeosts (including the use of Coast Guard e@ripm
and personnel), and the estimated costs of thigesgvent can easily be calculated as soaring leaat
$1,748,750. As the river gauge data shows, floghts in this area have been occurring regulary, a
may worsen over time.
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MAP G

MAP H

In addition to Van Lopik and Limberlost Streetsmsoadditional areas of flood problems were
identified in Robinson Township. In the northeaatpng North Cedar Drive, from the area of
approximately 108th Avenue and on for about a taléhe east of there. There are from 4 to 6 hames
this area that have suffered flood damages. Aboc¢ per year, basement flooding occurs, with rtitae
two feet of water accumulating there in these hom&andbags, and even an illegal berm, have been
employed by residents to try to protect their hotese. During years with more inclement weathet a
drainage conditions, these basements have becomelately full of water. Such conditions have
occurred at least five times in just over a decade 1994, 1997, 1998, 2004, and 2005. Please tefe
MAP | and MAP J on the following page.
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