Groundwater is part of a single hydrological cycle
and essential to the quantity and quality of Michi-
gan's wetlands, lakes, and streams, and the Great Lakes.
Yet groundwater is the least protected arc of that cycle.
While modern laws and policies protecting surface wa-
ter are well-established, dating to the 1960s and 1970s,
the same cannot be said for groundwater. Despite
increasing scientific understanding about threats to
groundwater and its importance to the healthy sustain-
ability of life, uses, and communities in a watershed,
groundwater’s out-of-sight character has often left
protective policies out of mind.

Groundwater quantity issues have recently generated
mote policy consideration. The state of Michigan for
the first time regulated large-volume withdrawals of
groundwater through passage of a new law in 2008.
But relatively little attention has been paid to ground-
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water quality. A patchwork of protections exposes
groundwater to continued degradation.

The piecemeal approach is inadequate to meet the
needs of the 21st century. The lack of emphasis on pol-
lution prevention and current provisions of law that al-
low groundwater to become and remain contaminated
instead of being cleaned up pose serious current and
future health risks. The result is Michigan’s groundwa-
ter emergency.

Virtually every city and township in Michigan con-
tains multiple sites of groundwater contamination,
and some communities are riddled with them. Some
contamination reaches as far back as the early 1900s,
while contemporary pollution continues to create new
or continuing problems. This cannot continue if Mich-
igan’s public and ecological health and economic pros-
perity are to be assured for future generations. Vig-




orously protecting the entire
water cycle is all-important.

The lack of urgency in
strengthening protection of
Michigan’s groundwater is
short-sighted. When rivers
burned, lawmakers passed the
Clean Water Act, When the
Exxon Valdez spilled 11 million '
gallons of crude oil into Prince William Sound, lawmak-
ers toughened safety requirements for shipping of petro-
leum products. Yet spill after spill of hazardous materials
into groundwater has happened for decades in Michi-
gan, and the policy response has been incremental.

Deep Threats to Our Sixth Great Lake builds on our
2018 groundwater report, and documents additional
dangers to groundwater. It also proposes an overarch-
ing, comprehensive solution in state law and policy:

a Michigan Groundwater Protection Act to prevent
groundwater contamination while holding accountable
those who pollute this shared public resource. Such a
solution is critical now and will become increasingly
so in this century. Michigan’s water, including ground-
water, will face new demands as population grows and
industries relocate here in the face of water shortages
and climate change pressures elsewhere.

Just as importantly, groundwater protection and conser-
vation are fundamental tenets of good environmental
stewardship. Michigan cannot fulfill its responsibilities
as the Great Lakes State if its groundwater is widely pol-
luted, nor can our people, drinking water, trout streams,
tourism, agriculture, and businesses thrive unless Michi-
gan practices such stewardship.

While groundwater is an often overlooked and poorly
protected Michigan resource, it is vitally needed and
serves critical natural and human uses in many ways.
In FELOW's 2018 report, The Sixth Great Lake: The
Emergency Threatening Michigan’s Overlooked Ground-
water Resource, we highlighted its critical nature:

+ Groundwater is the source of drinking water for
approximately 45 percent of Michigan’s residents.

« Between 20 and 40 percent of the volume of the
Great Lakes originates as groundwater.

o Manufacturing, agriculture, and other uses with-

While groundwater is an
often overlooked and poorly
protected Michigan resource,

it is vitally needed and
serves critical natural and
human uses in many ways.

draw an average of 766
million gallons of ground-
water per day in Michigan,
supporting hundreds of
thousands of Michigan jobs.

This Deep Threats report charts
a path to a robust and lasting
defense of Michigan’s all-im-
portant groundwater resource
as part of the public trust by revamping standards and
rules to prevent further contamination. If Michigan
treats groundwater as priceless instead of worthless, as
a vulnerable resource in state policy, law, and practice,
the state can assure an economically and environmen-
tally sustainable future for all its people, communities,
and businesses.

We recommend that the state of Michigan:

« Develop and enact a state groundwater policy built
on the principle that groundwater must be fully
and aggressively protected through a combination
of prevention and rigorous cleanup measures.

« Ban or strictly limit use in Michigan of chemicals
that frequently contaminate groundwater.

» Reinstate the polluter pay principle in law both to
assure polluters are held accountable and to deter
future groundwater contamination.

«  Assess fines, penalties, and damages for impair-
ment of the groundwater resource, and require full
cleanup by polluters unless technically infeasible.

+ Establish a fund to assist homeowners, largely in
rural areas, in obtaining water water testing.

o Publish an annual report, based on a comprehen-
sive public database, that identifies and ranks by
hazard all sites of contaminated groundwater or
connected overlying land or downgradient ground-
water, creeks, streams, lakes, and wetlands.

« Direct additional public funding to accelerate the
cleanup of Michigan’s groundwater contamination,

This report first provides updates on matters discussed in
FLOW’s 2018 report. Succeeding chapters cover ground-
water problem chemicals, Michigan’s continued failure to
act on septic system pollution, the need for a groundwa-
ter protection act, and recommendations.

Deep Threats to Our Sixth Great Lake



CHAPTER 1

Developments since FLOW's 2018 Groundwater Report

ince FLOW’s initial groundwater report, The Sixth

Great Lake: The Emergency Threatening Michigan’s
Overlooked Groundwater Resource, new developments
have exposed troubling gaps in the state’s groundwa-
ter protection framework,

GREEN OOZE

In December 2019, drivers noticed a mysterious green
substance seeping onto the shoulder of 1-696 in Mad-
ison Heights'. Environmental investigators quickly
identified the source of what the news media called
“green ooze.” It was the inevitable result of state poli-
cies that have treated Michigan’s groundwater, in some
locations, as an essentially worthless resource.

The source of the green ooze, which contained the tox-
ic chemicals hexavalent chromium, trichloroethylene
(TCE), cyanide, and perfluorooctanoic substances, or
PEAS, was the former Electro-Plating Services business
located beside the freeway. Cited in numerous state
and federal enforcement actions for sloppy handling of
toxic waste, Electro-Plating Services filed for bankrupt-
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Green voze that flowed onto the shoulder of 696 in Madison Heights
dramatized the problems associated with leaving conteminants in the ground
rather than cleaning them up. (Credit: US EPA)
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cy. Improper waste management allowed the chemicals
to seep into the ground below the facility and eventual-
ly exited onto I-696.

Records revealed that the Michigan Department of
Environmental Quality, now the Department of En-
vironment, Great Lakes, and Energy (EGLE), and the
U.S. Environmental Protection Agency (U.S. EPA) had
warned the business to comply with hazardous waste
regulations since 2010, but the facility didn’t shut down
for another six years. More immediate enforcement
action might have prevented
some of the groundwater con-
tamination.

Initially, government agencies
dealt primarily with containers
of waste at the facility. But the
chemical wastes had penetrated
the soil and reached ground-
water. By January 2021, state
and federal agencies had spent
$4.1 million on cleanup. The
company’s owner paid a differ-
ent kind of price, a one-year jail sentence for criminal
violations and restitution of $1.4 million.

Unfortunately, the green ooze site is far from unique.
“As visually dramatic as this is, it really draws attention
to the fact that there are thousands and thousands of
sites across the state where soil and groundwater is
contaminated,” Tracy Kecskemeti, EGLE district super-
visor said, “and we only have the resources to address a
small number?™

PROTECTIVE DRINKING WATER STANDARDS
FOR PER- AND POLYFLUOROALKYL
SUBSTANCES (PFAS)

A major step forward was the state’s adoption on Au-
gust 3, 2020, of some of the most protective drinking
water standards in the country for seven chemicals
from the family of compounds known as PFAS.” Mich-
igan Governor Gretchen Whitmer called for develop-
ment of the rules in early 2019. Chemicals in this class
of more than 5,000 substances are bioaccumulative and
persistent, meaning they build up in the food chain
and do not easily break down.* These “forever chemi-
cals” are intended to repel water, grease, and stains in

As of January 2021,
EGLE had identified 153
groundwater sites in the
state that exceeded the

new PFAS drinking water
standards.

products like carpets, nonstick pans, waterproof jack-
ets, and fast food and other food packaging. They are
also used in firefighting foam often used on military
bases and at commercial airports.

Mounting research links PFAS to a wide range of
health problems. Studies of the best-known PFAS,
called PFOA and PFOS, show links to kidney cancer
and testicular cancer, as well as endocrine disruption
in humans. Scientists have also discovered unusual
clusters of serious medical effects in communities with
heavily PFAS-contaminated wa-
ter. As of January 2021, EGLE
had identified 153 groundwater
sites in the state that exceeded
the new PFAS drinking water
standards.

An example was the discovery
in summer 2020 of ground-
water contamination in East
Bay Township, just east of the
City of Traverse City.” A state
sampling team found PFAS in
groundwater downgradient from a facility shared by
Cherry Capital Airport and a U.S. Coast Guard Air
Station, Either or both may have contributed to the
contamination as a result of firefighting drills using
PFAS foams. Citizens in the 15 homes whose well
water has been found to be contaminated by PFAS
chemicals (seven homes above health-based drink-
ing water standards) are receiving bottled water as a
temporary solution, Plans are developing to extend
the City of Traverse City’s municipal drinking water
supply to the affected homes. It is unknown how long
those in the affected neighborhood have been drink-
ing PFAS-contaminated water, although state and
local officials were aware of potential contamination
approximately eight months before alerting residents.

FUNDING FOR CLEANUP

Some new taxpayer funding for environmental clean-
up has materialized. In December 2018, the Michi-
gan Legislature approved $69 million in annual state
income tax revenue for the Renew Michigan Fund.
Some of that funding is dedicated to environmental
cleanup and redevelopment. This comes on top of
cleanup funding from unredeemed deposits generat-
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ed by Michigan’s beverage container law. Although
an important step forward, this revenue falls well
short of what is needed to clean up so-called “orphan
sites” where no responsible private party exists to
pay the bill. EGLE has estimated there are more than
14,000 cleanup sites that are unfunded, inadequately
funded or on hold.

FUNDING TO REPLACE FAILING SEPTIC SYSTEMS

On October 1, 2020, Governor Whitmer proposed
$500 million in additional funding for clean water.®
Her $500 million package includes $35 million for a
program to replace failing septic systems that contam-
inate groundwater and surface water, the first such
allocation in state history. The legislature must approve
the funding before the program can proceed.

CLEAN, SAFE, AND AFFORDABLE WATER

The continuing COVID-19 pandemic underscores the
need for clean, safe, and affordable water for sanitary
purposes, whether from groundwater or surface waters.
Yet water utilities continue to shut off residential water
services. Governor Whitmer imposed a shutoff mora-
torium in the spring, using emergency powers that the
Michigan Supreme Court struck down later in the year
fall. Left with no safety net, Detroit residents and front-
line activists pressured Mayor Mike Duggan to impose
a moratorium on all water shutoffs within the city limits
until the end of 2022. Meanwhile, Governor Whitmer
signed legislation sponsored by State Senator Stephanie
Chang that implements a temporary moratorium on
water shutoffs statewide through March 31, 2021.

Spotlighting and Solving Michigan’s Groundwater Emergency 5
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CHAPTER 2

Groundwater Problem Pollutants

he many chemical contaminants in Michigan’s

groundwater, combined with the lack of environ-
mentally sustainable federal and state chemical policies,
continue to put Michigan’s groundwater and other re-
sources at risk. An example is trichloroethylene (TCE), a
manufactured chemical that has contaminated ground-
water at more than 300 locations in Michigan.

Two recent policy developments have underscored the
need and opportunity for Michigan to act by passing

a state law to control TCE. In
2020, Minnesota became the
first state in the country to
outlaw many remaining uses of
TCE," and the U.S. EPA found
52 of 54 current TCE uses pose
an unreasonable risk to human
health.™

Commonly used as a solvent to
remove grease from metal parts
during manufacturing processes
or to make additional chemi-
cals, TCE has also been used to extract greases, oils,
fats, waxes, and tars; in dry cleaning operations; and in
consumer products such as adhesives, paint removers,
stain removers, lubricants, paints, varnishes, pesticides,
and cold metal cleaners.

TCE released into the environment can pollute soil,
groundwater, and the air. TCE’s high mobility in soil
often results in groundwater contamination.” The mo-
lecular and chemical properties of TCE make it slow to
degrade and time-consuming to mitigate the effects of
its contamination in the soil and groundwater. When
spilled on the ground, TCE can travel through the soil
and water and contaminate drinking water supplies,
including public and private wells; moreover, it can
move underground into lakes and rivers and evapo-
rate into the air. These TCE vapors can enter buildings
through cracks in the foundation, pipes, and sump and
drain systems, thus contaminating indoor air. This
phenomenon is known as vapor intrusion. At several
Michigan locations where housing and office struc-
tures were built on contamination sites, TCE was left in

When spilled on the
ground, TCE can travel
through soil and water and
contaminate drinking water
supplies, including public
and private wells.

soils rather than being excavated and removed, and has
vaporized into these buildings through foundations
and basements. In some cases, EGLE has temporarily
evacuated occupants of the buildings because of the
danger of air inhalation of TCE."®

TCE has been characterized as carcinogenic to hu-
mans through all routes of exposure and poses a
significant human health hazard.”” People who are
exposed to moderate levels of TCE may experience
headaches, dizziness, and
sleepiness. Large amounts

of this chemical may lead to
coma, nerve damage, or death.
TCE is known to interfere with
early life development and lead
to developmental toxicity, im-
munotoxicity, and neurotoxici-
ty. This chemical has also been
linked to damage to eyesight,
hearing, the liver, the kidney,
balance, heartbeat, blood, ner-
vous system, and respiratory
system. In the workplace, exposure to TCE may cause
scleroderma, a systemic autolmmune disease, and, in
men, it has been observed to result in decreases to sex
drive, sperm quality, and reproductive hormone lev-
els. In addition, prolonged exposure to TCE has led to
kidney cancer and is associated with an elevated risk
of non-Hodgkin’s lymphoma and liver cancer.

The U.S. Food and Drug Administration (FDA) in
1977 banned the use of TCE in food, cosmetic, and
drug products in the United States.'® In Canada,

TCE is no longer manufactured, and the Canadian
Environmental Protection Act of 1999 is intended to
significantly reduce the use and release of TCE as a
solvent degreaser into the environment. Several other
countries have regulations to control the use, and
subsequent risks, of TCE (e.g. Sweden and Germany).

In 2016, the U.S. EPA proposed a ban of TCE for
aerosol degreasing use and spot cleaning in dry
cleaning facilities.”” However, in December 2017, the
EPA—guided by the Trump Administration—shifted

Spotlighting and Solving Michigan’s Groundwater Emergency 7




the proposed bans from “active” to “long-term action”
status. The EPA conducted a risk evaluation and,
despite the known health risks posed by trichloroeth-
ylene and the potential savings of millions of dollars
from the reduction of those risks, the EPA sided with
the chemical industry’s opposition and has avoided
finalizing the ban of TCE in the United States. In No-
vember 2020, however, EPA again reversed course. Its
scientific study found that 52 of 54 uses of TCE still
permitted present unreasonable risk to worker and
consumer health. The EPA has two years to finalize a
rule to reduce the risks posed by the 52 uses.

State action also has a place in efforts to protect human
health from TCE. On May 16, 2020, Minnesota became
the first state in the U.S. to ban high-risk uses of TCE.
In effect, beginning June 1, 2022, any facility that is
required to have an air emissions permit by the Min-
nesota Pollution Control Agency (MPCA) may not use
TCE.* This includes manufacturing, processing, and
cleaning operations. Additionally, the legislation defines
conditions under which exemptions may be granted

by the commissioner of the MPCA. The legislation sets
forth processes for facilities to apply for extensions or
exceptions from the TCE ban and allows up to $250,000
worth of zero-interest loans to assist small businesses in
their transition away from TCE use.

This ban was enacted largely due to the work of the
Neighborhood Concerned Citizens Group (NCCG)
of White Bear Township, Minnesota, who lobbied

for a ban on this toxic chemical after the local Water
Gremlin, a fishing sinker manufacturer, had admitted
to leaking elevated levels of TCE for nearly 17 years.

TCE is the pollutant in one of the largest plumes of
contaminated groundwater in the United States. It has
caused widespread contamination and cost millions
of taxpayer dollars in Michigan. Dumped in shallow,
sandy pits decades ago, TCE has contaminated 13 tril-
lion gallons of groundwater in Mancelona, Michigan,
making the Wickes Manufacturing plume the largest
TCE plume in the United States.

TCE contamination of groundwater has impacted
over 500 residential drinking water wells and several
community drinking water supply wells across Mich-
igan, including municipal wells near Battle Creek and
Petoskey, and private wells near Albion and Brighton.

'The Oakland County Health Division has reported va-
por intrusion of TCE from multiple potential sources:
dry cleaning facilities, gas stations, and metal degreas-
ing operations. Franklin, Michigan also has reported
vapor intrusion in a series of small downtown busi-
nesses after health inspectors found an aging and toxic
TCE storage container buried underneath a local shop.
Elevated levels of TCE in groundwater have been de-
tected in southeast Grand Rapids, Detroit, and Sturgis.

Several case studies have been performed to analyze
the effectiveness of TCE alternatives in the United
States.*! One example is a Schick facility in Verona,
Virginia, that manufactures a variety of steel blades
and uses TCE in both cleaning and degreasing opera-
tions. The company made TCE elimination a priority
due to its role as a potential environmental contami-
nant and increasing costs associated with regulations
for its distillation and waste disposal. Upon elimi-
nating their TCE-based cleaning processes, Schick
installed aqueous wash boxes on the production lines
and began using an alcohol-based vapor degreaser.
These modifications reduced occupational and public
risk and resulted in an approximate cost reduction of
$250,000 from reduced energy use and material and
hazardous waste disposal costs.

Several companies in Michigan have also made the
switch to T'CE-free degreasing products. After reports
of TCE contamination in the air and groundwater, a
Howell, Michigan, company, Diamond Chrome Plating,
opted for an aerospace cleaning fluid called Next 5408.

The most efficient and sustainable way to limit the
release of TCE and other harmful alternatives into
the environment may be for the state of Michigan to
regulate TCE by permits. There is no one-size-fits-all
approach to regulating TCE across a variety of indus-
tries and applications. There are, however, an array
of safety precautions and considerations that regula-
tory agencies must put in place to prevent TCE from
becoming a public health hazard. Among these is the
necessity to regulate and monitor storage and con-
tainment requirements of TCE and ensure effective
waste disposal protocols. Additionally, it is imperative
that regulations define limits on the amount of TCE
that may be used by a company. To ensure the health
of Michigan residents, it is also necessary to increase
the frequency of state and private testing and moni-
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toring for TCE contamination. Finally, information
of efforts taken by facilities and regulatory agencies to
control TCE contamination must be transparent and
readily available. If there are inherently safer products
and technologies available to facilities than reliance
ont TCE, then a TCE-alternative should be used.

Given the uncertainty of federal policy, Michigan
should not wait to take action to limit most TCE
uses, just as Michigan did not wait for the EPA to set
enforceable standards for PFAS in drinking water.
Because it has a paramount interest in protecting
the health of its residents, Michigan should act with
urgency to pass a state law to control TCE.

PROBLEM GROUNDWATER POLLUTANT: NITRATE

One of the least-publicized groundwater contamina-
tion threats is nitrate. Nitrate pollution of groundwater
in Michigan is largely caused by the overapplication of
nitrogen from agricultural fertilizers and animal waste,
although failing septic systems also contribute nitrogen
pollution to the state’s groundwater, Nitrate has been
linked to numerous, negative human health effects,

Infants below the age of 6 months who drink water
containing nitrate in excess of the health-based standard
are especially at risk, and could become seriously ill with
a condition called methemoglobinemia or “blue-baby
syndrome?” This condition deprives the infant of oxy-
gen and, in extreme cases, can cause death. In children,
there is also growing evidence of a correlation between
nitrate and diabetes. Birth defects have also been linked

to nitrate exposure, Several epidemiological studies over
the past decade have examined statistical links between
nitrate exposure and neural tube birth defects. In the
human body, nitrate can convert to nitrite (NO2) and
then to N-nitroso compounds (NOCs), which are some
of the strongest known carcinogens. As a result, addi-
tional human health concerns related to nitrate-con-
taminated drinking water include increased risk of
non-Hodgkin’s lymphoma, gastric cancer, and bladder
and ovarian cancer in older women.

Michigan

Although the state of Michigan does not estimate the
percentage of wells statewide containing high levels of
nitrate, there is strong reason to believe the extent of
groundwater contamination by nitrate approaches that
of nearby states, given similar hydrogeology and agri-
cultural practices. Nitrate contamination in Wisconsin
and Minnesota is widespread at about 10% of private
wells, and therefore Michigan likely bears a similar
burden on its 1.25 million private wells.

Thousands of private drinking water wells across
Michigan are believed to contain nitrate at detectable
levels, and many contain nitrate in excess of drinking
water standards. The U.S. EPA estimated that 3,254
square miles of groundwater area in Michigan are con-
taminated with nitrate concentrations that are at least
half the level of the drinking water safety standard.*
This is 6% of the state’s land area. Nitrates not only
contaminate groundwater, but also run off or discharge
to lakes and streams, causing blooms of algae in down-

Agricultural fertilizers,
animal waste, and
failing septic systems
all contribute nifrate to
groundwater, Nitrate
is associoted with nu-
merous human heafth
impacs.
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stream reaches and lakes, This, in turn, depletes oxygen
levels, decreases fish populations, decreases the value
of riparian property, and diminishes uses for public
and private recreation and drinking water supplies.

Because nitrate is colorless, odorless, and tasteless,
many Michigan residents may unknowingly be con-
suming it. The state should make testing easily acces-
sible at low cost or no cost to owners of residential
properties with private wells and educate the public on
the value of such testing.

Wisconsin

About 1.7 million people in Wisconsin rely on private
wells for drinking water, and the state Department of
Health Services estimates at least 1-in-10 private Wis-
consin wells has high levels of nitrate.*® An estimated
42,000 private wells exceed the drinking water health
standard for nitrate, with a total cost estimate for
abandoning the contaminated wells and replacing each
with a new, safe water supply exceeding $440 million.
One village in Portage County replaced a public water
supply well due to high nitrate concentrations at a cost
of $1,128,000. A study found that nitrate pollution in
drinking water is linked to negative health outcomes
that are costing people in Wisconsin anywhere be-
tween $23 million and $80 million each year in medi-
cal expenses from adverse birth outcomes and cancer.™

The state estimated that in 2007, over 200 million
pounds of nitrogen were applied to agricultural lands
in excess of University of Wisconsin recommenda-
tions, a number that could be substantially reduced
with broader adoption of nutrient management plans.
Even in the best managed agricultural systems, over
the long term (seven years), nearly 20% of nitrogen
fertilizer bypasses plants and leaches to groundwater.

Minnesota

The Minnesota Department of Health has found that
over 10 percent of the private wells sampled in some
townships in southwestern, southeastern, central, and
north-central Minnesota have nitrate levels above the
drinking water health standard.* To address the prob-
lem, the state in 2020 implemented a new rule govern-
ing agricultural nitrate.

The rule bars farmers from applying nitrogen fertilizer
in certain seasons in certain parts of the state and reg-

A newly drilled well with water gushing. (Credit: USGS)

ulates application in 30 areas, such as Hastings, where
community water supplies show high nitrate levels. In
2007, as nitrate levels were reaching the state’s health
risk limit, the city of Hastings spent $3.5 million to
install a denitrification system.

Beginning in 2020, use of nitrogen fertilizer in the fall
and on frozen soils was restricted in areas of Minne-
sota with vulnerable groundwater, such as areas with
coarse textured soil, shallow bedrock, or karst geolo-
gy, and in public wellhead areas with elevated nitrate
levels. Farmers will not face enforcement, including
penalties, unless they refuse to adopt the changes ot
nitrate levels get worse, and not for at least three years.

It is long past time for Michigan to address the prima-
ry sources of nitrate contamination of groundwater.
The state should tighten proposed limits on application
of agricultural fertilizer containing nitrogen in porous
soils, in autumn and on frozen ground. Where con-
tamination of private or public drinking water supplies
from fertilizers has been detected, fertilizer applicators
should be required to discontinue or strictly limit fer-
tilizer use, as appropriate. Protection of public health
must be paramount,
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CHAPTER 3

The Last Holdout:

Michigan'’s Failure To Act on Sephc System Pollution

n The Sixth Great Lake, FLOW
Ireported that an estimated 10%
of Michigan’s septic systems, ap-
proximately 130,000, are failing,
releasing both bacteriological and
chemical wastes to groundwater
and surface water. EGLE estimates
that failing septic systems discharge
more than 31 million gallons of raw
sewage every day into groundwater,
the equivalent of 47 Olympic-sized
swimming pools.*

This pollution has serious hu-

man health impacts. Speaking at a
November 2019 Septic Summit in
Traverse City hosted by FLOW, Dr.
Mark Borchardt, a microbiologist
with the U.S, Department of Agriculture’s Agricultural
Research Service in Wisconsin, said research demon-
strates a correlation between the presence of septic
systems and health impacts. “What we have seen in the
studies we've done;” Borchardt said, “is that the greater
the number of septic systems, whether they’re failing
or not, the more likely it is that people become ill” In
particular, he noted, the density of septic holding tanks
in central Wisconsin is related to sporadic infectious
diarrhea in children.

A 2015 study conducted by
Public Sector Consultants
(PSC) in mid-Michigan found
levels of E. coli exceeded wa-

EGLE estimates that

owners questioned did not know they had a septic
system, and therefore did not know its condition nor
when it was last pumped or inspected.

In Kalkaska County, PSC estimated, failing septic sys-
tems are generating the equivalent of between 139 to
347 Olympic-size swimming pools of sewage annually.
Dr. Joan Rose, the Nowlin Chair for Water Research

at Michigan State University, authored a 2015 study
examnining 64 river systems that drain approximately
84 percent of the Lower Peninsula, analyzing for E. coli
and the human-specific source tracking marker bacteria
called B. theta: “Our research
found a clear correlation: The
more septic systems in the wa-
tershed, the more human fecal

ter quality standards at all

sites sampled at some point.”’
Human DNA was the domi-
nant marker, leading the study
authors to conclude that failing
septic systems were a signifi-
cant pollution source through-
out the Upper Maple River
watershed. As part of the work,
PSC found that 30% of home-

failing septic systems
discharge more than
31 million gallons of

raw sewage every day

into groundwater, the

equivalent of 47 Olympic-

sized swimming pools.

source tracking bacteria in the
water.”

Because Michigan is the only
state in the U.S. lacking a
statewide sanitary code reg-
ulating septic systems, local
governments are on their own
regarding whether and how to
regulate septic systems. Cur-
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rently, 10 counties, seven townships, and two villages
in Michigan have enacted their own regulations, re-
quiring inspection periodically or at the time a proper-
ty changes hands and, when necessary, maintenance or
replacement.

Efforts to enact a statewide sanitary code have made
little progress in the Michigan Legislature for the past
two decades. Meanwhile, estimates of the expense to
bring all septic systems in the state up to satisfacto-

ry levels suggest a significant cost. A 2016 report to
former Governor Rick Snyder by the 21st Century
Infrastructure Commission estimated that approxi-
mately 52,000—4 percent—of all septic systems should
be replaced on an average annual basis at a cost of
approximately $780 million. Although recommending
that maintenance and replacement of septic systems
should be primarily funded privately, the Commission

" Mechtgun 5 imgesr spnng is Kntch i [(lpE Iocr}fed in Pulms B{)ok Smte |

_ Thousands oF spr:ngs §eed lakes and streams in

Michigan. The state’s largest spring is Kitch-itikipi, ©

located in Palms Book State Park near Manistigue in
the Upper Peninsula. It is 200 feet in diameter, and -
42 feet deep, and delivers 16,000 gallons of clear

water per minute. Visitors can ride the raft For a view

across the sprmg

proposed that $20 million in public funds annually be
provided to owners of failed systems who need finan-
cial assistance. Governor Gretchen Whitmer in 2020
proposed the first-ever, one-time $35 million state
assistance fund for septic tank replacement.

A state sanitary code likely would rely on permitting,
inspection, and enforcement by Michigan’s 45 local
health department jurisdictions. Therefore, the legis-
lation should ensure sustained funding is established
that will reimburse local health departments no less
than 50% of the cost to administer delegated provisions
in a statewide onsite wastewater law and/or resulting
code. In addition, the legislation should support the
establishment of minimum performance-based treat-
ment standards for the design of onsite septic systems
taking into account statewide variability in Michigan’s
geologic landscape.

Klich ii "klpl Sprmg

. Kn‘ch iti-kipi drcws water from hssures in underlymg
limestone. Thls__cc_)nstqnf_flow plus continual tempera-
“tures of 45 degrees at all times, means this body

of water never freezes, no matter how cold it gets
during Michigan winters. This makes the spring a
popular tourist destination year-round. .
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CHAPTER 4

The Need for a Michigan Groundwater Protection Act

rioritizing groundwater protection is challenging

for many reasons. The broad public consensus that
exists for protecting the Great Lakes and their tribu-
tary rivers, streams, and wetlands is lacking in regard
to groundwater.

INTEGRATING GROUNDWATER MANAGEMENT

Stewardship and management of groundwater is
inherently more difficult and complex. Groundwater
exists beyond our field of vision, requiring deliberate
focus and recognition te bring awareness of ground-
water issues to the attention of

community members unless

Act (WRCA), which provided for broad management
and protection of Michigan’s groundwater, lakes, and
streams as the “waters of the state”*

Under the act, disputes over pollution and water
quality of the state could be brought to the attention
of a Water Resources Commission, with public notice,
hearings, public participation, and open decision-
making on policy and permits.*” But the Water Re-
sources Commission was abolished in 1991 by Gov-
ernor John Engler and groundwater and surface water
management were consolidated by Engler’s executive
Order into a newly established
Department of Environmental

* 3 40
circumstances or events raise Groundwater exists Quahty (DEQ), headec'.[ bya
a particular eroundwater . . director who reported directly
P & , beyond our field of vision, to the Governor.
problem. Local officials often . .
lack the resources and techni- requiring deliberate focus Under Michigaris Constitution,
cal and scientific expertise to and reco gniﬁ on 1o brin 9 the legislature is compelled

manage groundwater, defer-

to provide by law for the pro-

ring matters of groundwater awareness of groundwater tection of the air, water, and
management and governance issues to the attention of natural resources of the state

to state and federal agen- . from pollution, impairment, or-
cies who also often lack the community members. destruction.® Under our water

resources and trained staff

to comprehensively address

groundwater. Additionally, lack of data, inadequate
monitoring capacity, and complicated hydrogeology
present challenges that further hamper governmental
efforts to manage and protect groundwater.

'The recognition of groundwater as part of a single
hydrological system will bring new public aware-
ness and stewardship to the importance of the role of

groundwater in our watersheds and local communities.

Adequate technical and scientific expertise and the
collection of data will enable meaningful decisions and
take preventative actions.

POLICY

Nowhere in Michigan’s voluminous environmental
laws and regulations does the state set forth a formal
state policy regarding groundwater. Groundwater was
once part of the former Water Resources Commission

quantity laws, groundwater is

considered to be part of a single
hydrologic system and of immense public value, and
held in trust for the benefit of citizens.” It would be
appropriate to manage water quality or pollution with
the same overarching constitutional and stewardship,
or trust, responsibility.

The successor to the DEQ, the Department of the
Environment, Great Lakes and Energy (EGLE), man-
ages an overall water policy that by default operates a
patchwork of laws and requirements. The regulatory
scheme includes specific pollution sources, cleanup
standards, well drilling, wellhead protection, waste-
water treatment, runoff and soil erosion and sedi-
mentation, oil and gas, minerals and mining, and the
sometimes uncertain roles of the state and local gov-
ernments and health departments, along with other
piecemeal features of the state’s Natural Resources and
Environmental Protection Act (NREPA), While the
NREPA recodified the environmental laws of the state
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of Michigan into a single statute, it did not establish

an overall unifying policy with an overarching frame-
work, principles, and permitting programs. As a result,
amendments to the NREPA, although intended to
improve management and programs of the EGLE, only
add to the array of programs to conserve, protect, and
manage the waters of the state.

As noted above, article 4, section 52 of Michigan's
Constitution envisioned a holistic policy that water,
air, and natural resources as a whole are a matter of
“paramount concern” and charged the legislature

and state to protect water and these natural resources
from “pollution and impairment.” Articulating such a
holistic and comprehensive policy can help guide state
agencies and improve public awareness of the need to
prevent groundwater contamination.

Some of Michigan’s neighboring Great Lakes states have
adopted groundwater policies, Minnesota’s groundwa-
ter statute declares that “it is the goal of the state that
groundwater be maintained in its natural condition, free
from any degradation caused by human activities.”

Illinois state policy holds that groundwater resources
should be utilized for beneficial and legitimate purpos-
es, that waste and degradation of the resources should
be prevented, and that underground water resources
should be managed to allow for maximum benefit of
the people of Illinois.

State of New York law finds that “Adequate supplies
of good quality groundwater are critical to the health
and welfare of the residents of the state and to their
economic well-being. The levels and types of contam-
inants, the extent of contamination, and the present
and potential impacts on public health and the envi-
ronment vary widely from site to site, but cumulatively
could endanger the integrity of the water resources of
New York state...It is the intent of the legislature that
groundwater be protected for its classified use, the
highest of which is drinking water”

Looking beyond the Great Lakes Basin, Vermont has an
extensive statutory groundwater policy, whose tenets are:

o The withdrawal of groundwater of the State should
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be regulated in a manner that benefits the people
of the State; is compatible with long-range water
resource planning, proper management, and use of
the water resources of Vermont; and is consistent
with Vermont’s policy of managing groundwater as
a public resource for the benefit of all Vermonters.

» The State shall protect its groundwater resources to
maintain high-quality drinking water.

« The groundwater resources of the State shall be
managed to minimize the risks of groundwater
quality deterioration by regulating human activi-
ties that present risks to the use of groundwater in
the vicinities of such activities while balancing the
State’s groundwater policy with the need to main-
tain and promote a healthy and prosperous agricul-
tural community.

+ The groundwater resources of the State are held in
trust for the public.®

A state policy for Michigan should include the best of
these examples, articulating the importance of ground-
water for drinking water and ecological sustainability,
giving state agencies a clear mandate guiding all deci-
sions affecting groundwater management.

INSTITUTIONAL CONTROLS:
Leaving, Not Cleaning, Groundwater
Contamination

At more than 2,000 groundwater contamination sites
in Michigan, state policy initiated in the 1990s does
not require complete or even substantial cleanup pro-
vided that the party responsible for the polluted site
can control human exposure through what are termed
“institutional controls” These controls typically consist
of local ordinances banning use of groundwater in spe-
cific areas and/or human access to the contaminated
soils. The state may also approve deed restrictions for
individual properties that meet the same requirements.
This policy was a dramatic shift from the previous
requirement for cleanup to the “natural background
level,” unpolluted by human activity. Contaminated
sites with institutional controls are scattered across
Michigan’s Upper and Lower peninsulas.

To evaluate the effectiveness of this policy, under the
guidance of two University of Michigan faculty, grad-

uate students evaluated risk-based management of
groundwater under Part 201 of NREPA. They reported
on their findings in 2020, Several state officials inter-
viewed raised concerns that once institutional controls
are in place, there is no incentive or requirement to
clean up contamination because the responsible party
has adhered to state laws. Some noted that aquifers

are rare and highly valued globally and that leaving
contamination in place often imposes long-term social
and economic costs associated with the use of institu-
tional controls on these vital resources.

One interviewee expressed concern “that, in some
ways, we are writing off aquifers. If we're not actively
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cleaning up a groundwater plume, then we are writ-
ing off this portion of the aquifer in perpetuity.  have
concerns about that because some of our plumes [and]
contamination sites are very well characterized and
some of them are horribly characterized.

The study recommended enhanced data availability
and accessibility, enabling better understanding of
contaminated sites for local officials and the public;
changes in state law, including requiring all instanc-
es of hazardous substance releases be reported to the
state; and additional funding and staff for the clean-
up program.

EGLE has now commissioned a $350,000 study to eval-
uate the costs, both foreseen and unforeseen, of using
institutional controls, The request for proposal seeks
an evaluation of EGLE’s process and criteria for deter-
mining when institutional controls are the appropriate
response to groundwater contamination, EGLE is pur-
suing “a set of case studies to determine the cost of past
uses of institutional controls and restrictive covenants
and develop a decision-making framework for future
instances of groundwater contamination based on a
holistic prediction of long-term risk and cost. The proj-
ect will seek to incorporate the risk of additional un-
expected costs into this framework as well as changes
in risk associated with expected demographic change
and the cumulative risk of using institutional controls
at many sites within the same geographic area.” Finally,
EGLE is seeking recommendations on a decision-mak-
ing framework to assist the State as it moves forward in
addressing contamination.”

CLEANING UP SITES CONTAMINATED IN
THE FUTURE

There is no legal or moral right to contaminate
groundwater, which, because it generally connects
with surface water, is a public resource. The public
trust doctrine holds that water is a commons reserved
for public uses such as drinking water, and that state
government has an affirmative obligation to protect
the commons on behalf of the people. Contamination
of groundwater by definition impairs the commons.
State law should require the assessment of damages
for all future groundwater contamination. It should
also require cleanup at these sites to be consistent with
residential use. If this is technically infeasible, the law

should allow for escalated damages to compensate the
public for the impaired resource.

Although it is impracticable in some cases to clean
up existing contaminated sites completely, parties
that contaminate groundwater now, and in the fature,
should be held fully accountable. To allow “institu-
tional controls” as the remedy for these sites is, in
essence, to say that current and future polluters can
use a portion of Michigan's groundwater resources as
a waste receptacle, minimizing both operational and
cleanup costs.

INFORMATION, DATA, AND
EXPOSURE HAZARDS

Poorly collected, stored, and retrievable data manage-
ment complicates groundwater and soil monitoring
and cleanup in Michigan. The current state database

is not up to date. Data needed to address groundwater
contamination is scattered across multiple sources.
Many obstacles to addressing groundwater contami-
nation at the state level relate to capacity and available
resources. A lack of resources makes mapping ground-
water contamination difficult.

A particular problem is the absence of an accessible,
centralized database of locations where the state’s
policy of leaving groundwater contamination in place
could pose futare hazards. There are thousands of sites
in Michigan with groundwater contamination where
soil contamination, concentrated wastes, or contain-
ment systems are left in place.

Spatlighting and Solving Michigan’s Groundwater Emergency
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Because adequate information about these sites is not
easily accessible to the public, there is a risk of acci-
dental exposures or damage to exposure barriers, test
wells, or containment structures,
There is no effective system to
alert personnel unfamiliar with
a site about the potential haz-
ards. Yet construction, excava-
tion, utility, and maintenance
work go on daily throughout the
state. Owners of properties with
deed restrictions resist clearly
marking things like exposure
barriers, even when required to
do so.

Michigan should institute a pub-
lic database and notification sys-
tem for contaminated properties
similar to the state’s successful

MISS DIG program for identify-
ing the location of underground utilities.

MISS DIG 811 is a one-call notification system to
provide excavators and the general public the ability
to inform multiple owners of underground facilities,
such as gas lines, of planned excavation with a single
call. MISS DIG 811 has received over 21 million locate
requests resulting in nearly 189 million transmissions
since 1970. MISS DIG 811 is a non-profit compa-

ny that passes the call information along to affected
utilities. The utilities are then required to mark their
utilities within a specified time period. The MISS DIG
811 system is designed and operated for the express
purpose of assuring that excavation activities do not
inadvertently damage buried utility infrastructure or
cause safety hazards.

A similar system makes sense for contaminated prop-
erties that could pose health and safety hazards. The
most efficient approach may be to piggyback in some
fashion with MISS DIG 811, so that one call to it
results in a notification to EGLE. MISS DIG operation
staff would need to know where contaminated sites
are and EGLE would need to follow-up in some fash-
ion. This would require some additional funding, That
funding should come from liable parties or property
owners when they choose to leave contamination in
place rather than adequately cleaning it up.

Michigan should institute
a public database and
notification system for

contaminated properties

similar to the state’s
successful MISS DIG
program for identifying the
location of underground
utilities.

FEDERAL AND STATE LIABILITY LAWS

In the 1970s and 1980s, responding to historical dis-
charges of industrial wastes and hazardous substances,
governments backed by strong
public support enacted powerful
new laws that imposed broad
legal liability on parties the law
deemed responsible for these
hazardous conditions.

Public outrage concerning the
uncontrolled release of toxic
substances into the environ-
ment propelled the enactment
by Congress in 1980 of the
Comprehensive Environmen-
tal Response, Compensation
and Liability Act, known as
CERCLA or “Superfund.” The
sensational national case often
linked to passage of the law is
the infamous Love Canal in New York, where Hooker
Chemical Company disposed of thousands of tons of
hazardous wastes resulting in profound public health
impacts in a residential neighborhood. But Michigan
had many similar cases, including a massive contam-
ination site created by the same Hooker Chemical
Company at Montague, north of Muskegon, Years of
improper management of chemical wastes — including
a “barrel dump” behind the facility - led to a large area
of contaminated groundwater and soils, and public
fears about health impacts,

CERCLAS liability provisions were designed not only
to capture money from responsible parties for clean-
up, but also to deter future mismanagement of toxic
chemicals. The new law imposed “strict liability” on
both current and former owners and operators of con-
taminated sites regardless of whether they were at fault,
negligent, or otherwise responsible for the hazardous
conditions, including those who “transported” or “ar-
ranged for the disposal” of the hazardous substances.
Historically, strict liability had attached to those per-
sons or parties who engaged in abnormally dangerous
or ultrahazardous activities. By crafting CERCLA' lia-
bility provisions, Congress was clearly indicating that
the handling of hazardous wastes and toxic substances
was an activity that inherently threatened and endan-
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gered public health and safety and the environment
and merited expansion of the “responsible parties.”

CERCLA’s legal framework also imposed “joint and
several liability” on parties responsible for the release of
hazardous substances. When multiple parties are jointly
and severally liable for the environmental harm, each
party is independently liable for the full extent of the
liability associated with the harm. The law then provides
for “contribution claims” that allow the responsible
party to seek legal contributions from other responsible
parties. In this way, joint and several liability switches
much of the burden of identifying all the responsible
parties from the government to the defendants who are
in the best position to know the most about who may be
responsible for the conditions at a site. Strict, joint and
several liability provides a powetful financial incentive
for businesses, corporate managers, and employees to
implement waste handling practices that minimize the
threat or harm to the environment.

Numerous studies have shown that strong environ-
mental liability measures have a deterrent effect and
influence the behavior of corporate managers to reduce

environmental risks that can result in liability. Those
who perceive that environmental laws are strong are sig-
nificantly less likely to engage in noncompliant behavior.
These studies are consistent with the findings of long-
term research that strong environmental regulations not
only reduce the threat of future environmental harm,
but also have a beneficial effect on the economy.

State legislatures followed Congress by enacting CER-
CLA-like state laws, strengthening the states’ legal
authority to redress conditions creating environmental
harm. In 1990, the Michigan Legislature enacted a
“polluter pay” law with strong contamination liability
provisions. In its first five years, the law resulted in
$100 million in private-party costs for cleanup that
otherwise could have shifted to the public or gone un-
funded. But just five years later, in 1995, the Legislature
in effect repealed the liability provisions, weakening
the state’s ability to capture funds from parties who are
responsible for contamination. A review of this policy
reversal is in order, as Michigan places an undue bur-
den on the general public to pay for cleanup of private
pollution through tax revenues.
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CHAPIER 5
Recommendations:

Building Blocks for a Michigan Groundwater Protection Act

ichigan should formally adopt a groundwater
M policy that calls for protection of groundwater
as part of a single, hydrological whole. In connection
with streams, lakes, and wetlands, groundwater is held
in trust for the benefit of citizens, protected from pol-
lution or impairment, a critical drinking water source,
directly related to public health. The policy should em-
phasize the state’s primary duty to prevent pollution of
groundwater or its connected waters of the state, and
to support public education concerning groundwater
consistent with this overall policy.

REGULATION OF TOXIC CHEMICALS

Michigan state government was the first to cancel most
uses of DDT—in 1969, three years before the federal
ban. Michigan also took early action to control PCBs,
chlordane and other toxic chemicals. This tradition
should be a guidepost for the state today.

The State of Michigan should immediately begin the
process of reviewing T'CE uses and, where feasible and
prudent alternatives exist, ban such uses. Additionally,
Michigan should review the chemical pollutants most
prevalent in Michigan’s groundwater and set priorities
for study and banning or strictet control.

The U.S. must adopt the precautionary principle --
taking preventive action in the face of uncertain but
potentially great risk—as the foundation of chemical
policy and regulation. Current and past policies that
rarely call for upfront testing of chemicals have con-
tributed to problem after problem with an alphabet
soup of toxic compounds, from PCBs to PBDEs.

LIABILITY FOR CONTAMINATION

Michigan should reinstate the polluter pay laws aban-
doned in 1995, with strict, joint and several liability
for contamination sites identified beginning with the
effective date of this amendment.

FULL CLEANUP AND/OR DAMAGES

For new contamination sites, Michigan should require

The Michigan State Capitol in Lansing.

the assessment of fines, penalties, and damages for
impairment of the groundwater resource and should
require full cleanup by responsible parties unless tech-
nically infeasible. In such cases, the dollar amount of
fines, penalties, and damages should be escalated.

EMPOWERING AFFECTED PERSONS AND
COMMUNITIES’ LEGAL RIGHTS

When groundwater contamination threatens persons,
families, and communities with serious harm or dam-
ages from groundwater contamination, these persons
and communities should have access to all relevant

hydrogeological, ecological, health, and related infor-
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mation, and a right to intervene or participate in state
cleanup or enforcement proceedings to protect their
interests. The affected residents and communities
should have a statutory right to a civil suit or action
to address the pollution or threatened pollution of
their groundwater or affected creeks, streams, and
lakes. The relief should include cleanup, damages, and
injunctive or equitable orders. Because of the im-
mense cost for needed experts and attorneys, the law
should provide that a court may award to the affected
residents and communities “costs, interests, and fees,
including legal fees, in the interests of justice.”

ASSURING PUBLIC SAFETY AND ENVIRONMENTAL
PROTECTION AT CONTAMINATED SITES

Because state policy in Michigan has allowed thou-
sands of sites to remain contaminated rather than
being fully cleaned up, there is a risk of explosions,
toxic exposures, or environmental damage at such sites
when there is excavation or other activities that dis-
turb the subsurface. The state should create a one-call
system where parties who intend to conduct excava-
tion can learn whether contaminants that cause such
hazards exist on specific sites.

WATER TESTING

Michigan homeowners with private wells are not
served by routine water testing and may unknowingly
consume contaminated water. The state should create a
fund to assist such homeowners, largely in rural areas,
in regular water well testing.

INFORMATION AND DATA

Improved groundwater quality protection will depend
to a great degree on improved understanding of the
resource. To move in that direction, the State of Mich-
igan and partners in research and groundwater man-
agement institutions should:

+ Establish a framework to organize data, knowledge,
and understanding of hydrologic systems, and de-
velop an understanding of data gaps and informa-
tional needs that will result in better programmatic
oversight of groundwater.

+ Gain a better understanding of existing sites of
known groundwater contamination by supporting

an enhanced monitoring program that can char-
acterize groundwater quality, aquifer profiles, and
groundwater flow direction.

Better integrate existing databases and monitoring
capabilities—MiWaters should redouble efforts

to integrate and systematize the existing network
of groundwater monitoring capacities. Existing
databases like WellLogic, Wellhead Protection, LS.
Geological Survey groundwater data for Michigan,
Michigan State University’s groundwater inven-
tory and mapping project, and Western Michigan
University’s archive of subsurface geological data
could be better integrated and used to inform and
improve our understanding of groundwater pro-
ductivity and flows.

Establish an educational program within EGLE,
supported by the Michigan Department of Agricul-
ture and Rural Development and the Department
of Health and Human Services for local units of
government directed at improving groundwater
protection. The education program should address
at least the following topics: hydrogeologic princi-
ples, groundwater protection issues, state ground-
water policy, potential contamination sources,
potential water quality problems, well protection
measures, and the need for periodic well tests.
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STATEWIDE GROUNDWATER POLLUTION
RANKING

The state of Michigan should reinstate an annual
report based on a comprehensive public database that
identifies and ranks by degree of hazard all sites of con-
taminated groundwater and connected overlying land

as well as downgradient groundwater, creeks, streams,
lakes, and wetlands. The database should be part of
Michigan’s publicly accessible geographic information
system for mapping. This database and mapping can
build on, and provide better site specific hydrogeo-
logical, ecological, and pollution information under,
Public Act 142, Michigan Public Acts of 20034

Liom Schamper callects groundwater flowing info a cistern ot a historic farm on Old Mission Peninsula. The water then flows info the east arm of Grand

Traverse Bay. He is leaming about the water cycle and how to anolyze the water for his Cub Scout STEM award. (Credit: Rick Kane)

Conclusion

ichigan groundwater policy has failed to evolve
M even as understanding has grown about ground-
water’s importance and its interconnection with the
Great Lakes, The simple fact that Michigan has approx-
imately 7,000 orphan groundwater contamination sites
with an estimated cleanup bill of $1.4 billion—likely to
be charged to taxpayers—should make groundwater a
public policy imperative,

The first major step toward fulfilling the public com-
mitment to groundwater is the enactment of a Mich-
igan Groundwater Protection Act with elements
described in this Deep Threats report. ELOW stands
ready to engage in good faith discussions about this
with parties both outside and inside of government,
We believe such discussions will result in better stew-
ardship of Michigan's priceless groundwater.
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