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Background

Area of Contamination: Lower 24 miles of
Tittabawassee River and floodplain, the Saginaw River
(25 miles), and portions of Saginaw Bay

Primary contaminants: Dioxins and furans

Other contaminants: Chlorobenzenes, parathion,
chlorostyrenes, hexachlorobutadiene, lindane, others

— Important not to lose track of these in overall
Investigation/remediation process

Primary Source: Dow Chemical, Midland, Michigan

Target population: People living along the
Tittabawassee and Saginaw Rivers, recreational users of
the Rivers and Bay



Current Part 111/RCRA Activity

o Tittabawassee River Sampling and Early Action
Programs

— Uses a methodical approach to investigate and
remediate from source (on-site) to endpoint of
contamination from facility

— Uses intermediate source control measures such as
Interim Response Activities and “pilot” feasibility
studies
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IRAs and High Priority Investigation and
Remedial/Pilot Activities in 2009

Near Plant Source Areas

— Former 47 Building - “Founders Park” IRA — H-14
— Reach D IRA — H-13

— Historic Outfall Investigation — H-12

— 2009 RGIS Upgrade

Tittabawassee Bank Stabilization and Monitoring Pilots

Tittabawassee River “Down Stream” In-Channel Deposits
Enhanced Monitoring and Evaluation (e.g., Reach J)

GeoMorph® Update
— IRA residential property decision tree evaluation

Utility Worker Notification — Miss Dig
Advisory Signage

Midland Area Soils Presumptive Remedy Update



Former 47 Building Area

River Core Locations

Monitoring Wells

()

Resample Locations 6-6-2008

Resample Locations 6-3-2008 bs

Sample Location




Former 47 Building IRA

Historic chlor-alkali cell waste on upland soll, river bank and in
river sediments

— High levels of furans

— Other contaminants also of concern

— Subsurface contamination with some volatile organic compounds

Upland work substantially complete
— Installation of wells and some additional borings
— Long term operation and maintenance
 Maintain capped area
« Monitor groundwater for contamination and flow direction

Adjacent sediments under investigation
— Further sediment investigation now that river level is coming down
— Capping and/or removal in 2009
— Want to comprehensively address all contamination

Schedule
— Complete characterization: 6/1/09
— Corrective Action Plan and Summary of Data: 7/1/09
— Implementation in 2009

IRA consistent with anticipated final corrective action in this area

DE= <EPA






1 4 * Very similar contamination

| ¢ 1/ to that found in soils and
& =1 sediments downstream
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Chromium: 7.4

Cobalt: 2.4

Arsenie: 1.2
1,2,3-Trichlorobenzene: 0.01

Interval: (2.3-4.0
Date: 9/4/2008
All Units in mg/kg
Iron: 2500
Lead: 3.5
Barium; 14
Copper: 3
Lithium: 2.1
Nickel: 2.1
Chromium: 3.7
Cobalt: 1.2
Arsenic: 1.4

Chiysene: 0.18

Fluoranthene: 0.33
Pyrene: 0:22

RB-25+25-C1 (IC124)
Interval; (0.5-1.0)
Date: 9/4/2008
AllUnits in ma/kg
Iron: 7800
Lead: 35
Barium: 22
Copper: 5.3
Lithium: 12
Nickel: 8.6
Chromium: 8.3
Cobalt: 29
Arsenic: 1.8

Acenaphthene: 0.16
Benzo[Klfluoranthene: 12

Naphthalene: 0.17
Phenanthrene: 0.89

RB-24+00-C2 (IC173)

Benzo[alanthracene:

Ethyl parathion: 0.18

RB-24+50-C3 (IC84)
Interval: (0.4-1.0)
Date: 7/14/2008

All Units in mg/kg
Iron: 5700
RB-24+50-C3 (1C84) Iéea_d: -}.;a
Interval: (0.0-0.4) c:num' e
Date: 7/14/2008 fpe;: 1
All Units in ma‘kg Lithium: 1
Iron: 5700 Nickel: 9.9
d: Chromium: 7.1
Lead: 40
H Cobalt: 3
Barium: 58
GCopper: 11 Arsenic: 2
Lithium: 6.3 Agenaphthene; D.27
Nickel: '95' Benzo[k]fluoranthene: 1
tim Chrysene: 049
Chromium: 7.7 4 :
Cobalt: 22 Dibenzofuran: 0.09
Arsenic: 1.7 Di-n-buthyl phthalate: 0.18

Fluoranthene: 0.7
Fluorene: 0.1
Naphthalene: 0.64

gﬁ?ﬁ'@ﬁén‘tﬁ.z Phenanthrene: 0.74
Fluorene: 0.08 Pyrene: 0.73

Tetrachloroethene: 0.018
Hexachlor-1,3-butodiene: 0.01
2-Methylanphthalene: 0.11
Pentachlorobenzene: 0.01
Phenol: 3.2

RB-24+00-C2 (IC173)
Interval: (4.0-4.5)
Date: 9/4/2008
All Units in mafkg
Iron: 2500
Lead: 3.1
Barum: 9.6
Copper: 2.5
Lithium: 2
Nickel: 2
Chromium: 3
Cobalt: 0.93
Arsenic: 2
Ethyl parathion; 0.13

017

RB-24+50-C2 (IC48)
Interval: (0.0-0.2)
Date: 6/27/2008

All Units in ma/kg
Iron: 6400

Lead: 11

Barium: 22
Copper: 8.5
Lithium: 12

Nickel: 13
Chromium: 7.3
Cobalt 40

Amsenic: 56
Acenaphthene: 0.05
Di-n-buthyl phthalate: 0.47
Fluoranthene: 0.15
Naphthalene: 0.24
Pyrene: 0.1 %
Dichloromethane: 0.089

RB-25+50-C2 (IC40)
Interval: (0.0-0:2)
Date: 6/27/2008

All Units In mafkg
Iron: 6600

Lead: 5.8

Barium: 24
Copper: 11

Lithium: 12

Nickel: 15
Chromium; 9.2
Cobalt: 32

Arsenic: 3.7
Benzofa]anthracene: 0.21
Chrysene: 0.2
Di-n-huthyl phthalate: 0.2
Fluoranthene: 0.6
Phenanthrene: 0.24
Pyrene; 0.44
Dichloromethane: 0.083

| Benzolk[fiuoranthene: 1.4
Chrysene: 1
Fluoranthene: 2.1

RB-27+00-C2 (IG35)
Interval, (0.0-0.3)
Date: 6/27/2008

All Units In mgfkg
Iron; 5400

Lead: 5.1

Barium: 24

Copper: 9.3
Lithium: 12

Nickel: 12
Chromium; 7.9
Cobalt: 27

Arsenic: 3.2
Acenaphthene: 0.05
Chrysene: 0.48°
Fluoranthene: 0.98
‘Phenanthrene: 0.61
Pyrene: 0.62
Diciloramethane: 0.076

EY

Ashby Ditch

A IWT TS SIS, Wl
Di-n-buthyl phthatate: 0.25
Fluoranthene: 3.4
Fluorene: 0.23
Maphthalene: 0.44
Phenanthrene: 3.1
Pyrene; 3
Dichloromethane: 0.075
2-Methylanphthalene: 0,14
Pentachlorobenzens: 0.01
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RE-28+00-C2 (IC38) PG

Interval: [0.0-0:82) 2

Date: 6/25/200 RB-29+50-C3 (IC64)

All Units in ma/ka Interval: (0.0-0.5)

Iron: 5800 Date: 9/4/2008
All Units in mg/kg
Iron: 8000
Lead: 66
Barium: 29
Copper: 82
Lithium: 18
Nickel: 12

FWACRIARN THISINE . Wl
Benzo[kfluoranthene: 3.4
Chrysene: 2.2

Di-n-buthyl phthalate: 0.57
Fluoranthene: 3.6
Fluorene: 0.11
Naphthalepe: 02
Phenanthrene: 3.3
Pyrene: 4.6
Dichloromethane: 0,081

Unknown Outfall

Lithiurm: 14
Nickel: 12
Chromium: 8.6
Cobalt: 27
Arsenic: 1.6
Acenaphthene: 0.1
Chrysene: 0.43
Fluoranthene: 0.88
Fluorene: 0.08

Phenanthrene: 0.5
Pyrene: 1

"A" Flume

. B

73 Bldg Outfall

Di-n-buthyl phthalate: 0.2

Dichloromethane: 0.087

Copper:. 15
Lithium; 7.4
Nickel: 10
Chromium: B.6
Cobalt: 20
Arsenic: 1.8
Acenaphthene: 2
Benzofalanthrace
Benzolklfluorarith
Chrysene: 7.9
1,4-Dichlorobenzs
Di-n-buthyl phithal
Fluoranthene: 12
Fluorene; 1.1
Naphthalene: 2.1
Phenanthrene: 1
Pyrene: 14
1,2,3-Trichloraber
Dichloromethane:
Tetrachloroethene
Hexachlorobenze
Hexachlor-1,3-bu
‘2-Methylanphthal
Pentachlorobenz:
Pentachlorophent

T SR

RB27+00-C
Interval: (0.
Date: 61255
All Units in m
Iron: 8300
Lead: 5.9
Barium: 20
Capper: 12
Lithium: 12
Nickel: 12
Chromium:
Cobalt: 58
Arsenic. 4.5
|} Acenaphthe
4 Benzo[alant
| Benzo[k]fluo
Benzo[alpyr
Chrysene: ¢
A | Di-n-buthyl g
i ? Flueranthen:
Fluorene: 0
Naphthalent
Phenanthrer
|| Pyrene: 11
| Dichloromet
2-Methylanp
Pentachloro

RB-30+00-C1 (1C55)
Interval; (0.0-0.3)
Date: 8/4/2008

All Units in mg/kg
Iron: 6800

Lead: 3.3

Barium: 19
Copper. &

Lithium: 12

Nickel: 8.4







Reach D

« Transition from CERCLA Removal Action Process back to the Operating
License corrective action process

« CERCLA Order did not specifically address contaminants other than
dioxins and furans

— Additional work necessary to cap or remove other contaminants (e.g.,
hexachlorobenzene, parathion, dichlorobenzenes, etc.)

— Additional characterization, toxicity testing, design of cap, etc. as part of IRA work
plan — material inside cell is toxic to invertebrates

— Approval of capping plan “inside cell” to address residual contamination from dredging
— many details to be worked out for implementation in 2009 field season.

— Characterization on-going “outside cell” to determine what additional material needs
remediation (e.g., removal, capping, etc.)
» Toxicity testing

— Removal of sheet piling in 2009

— Scour adjacent to sheet piling has resulted in loss of some sediment and exposure of
contaminated materials at the river bottom

* |IRA consistent with anticipated final corrective action in this area

DE= <EPA



Reach D

*Capping will require long term
monitoring and maintenance

RAD-47+25-C2 o iy F
- s AN,
RD-47+25-C1

Additional work if not determined to
be effective via monitoring

RD-49.50-C1
RD-49+50-C3 = . £
R AD-48.50.C2

Significant non-

dioxin/furan
contamination outside of
| sheet piling to be
addressed.

Reach D Sediment Cap DJesign Section
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2009 Bathymetry -
Reach D

Scour Area

Draft 5/4/09




Outfall Investigation in Vicinity of Dow
Plant Site (H-12 Outfall Investigation)

Part of License Compliance Schedule - currently not an IRA
— H = High Priority in Operating License

Work Plan submitted to MDEQ - investigation is underway

Source Area work — other high concentration deposits
(e.g., Reach D) to be identified and remediated

— Not only dioxins and furans; other contaminants significant and present at elevated
concentrations

— Dioxins and furans not necessarily co-located with other contaminants of concern

Working upstream to downstream

Areas for further evaluation to see if IRAs are appropriate prior to final
remedy (e.g. toxicity testing, bed measurements, etc.)

— Reach D — QOutside the sheet piling
— Reach H — Ethyl parathion/hexachlorobenzene area

Ilterative Process

Good progress being made
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H-12 Historic Outfalls

30" Water Main pipeline crossings:

) | -12" steel brine
36" Water Main  §7 3 . - 8" steel caustic wash
& -3" steel phenol brine
-12" steel brine

Pipeline crossings:
-20" steel brine
-14" steel brine
-20" steel brine
-12" steel brine

Pipeline crossing:

-12" steel monroe brine
-16" stee| brine

-B" steel brine

Historic 6 Pond Outfall

Historic Treatment
Pond Qutfall (8pond)

Pipeline crossing:
-20" steel brine




Pipeline Crossing:
-20" steel brine

2

Historic Treatment
Pond Outfall (8pond)

RH-143+75-C1 (IC25)
Interval: (0.0-0.5

| &N
Tetrachlorobenzene:
enzene: 41

All Units in ma/kg

r: 8.7
Lithium: 8.2

Chlorobenzene: 0.25
1,4-Dichlorobenzene; 1.3
Di-n-buthy! phthalate: 0.18
1,2 3-Trichlorobenzene: 0.
Trichloroethene: 0,024
1,2-Dichlorobenzs
1,3-Dichlorobenzene; 0.09
iethyl phthalate: 0.34
1,2 4-Trichlorobenzene: 0.19

Chlorobenzene: 2.1
1,4-Dichlorobenzene: 5.5
0.1




RGIS 09 Repair

Small section of blocked tile to be repaired

Proactive repair — currently scheduled for next
week

Located about 1700 feet upstream of Dow Dam

RGIS is critical component of corrective action
as It prevents release of contaminated
groundwater into the Tittabawassee River



ASH POND

ITABAWASSEE RIVER

EXIST, 6°PE
RGIS TILE

:
i
i

DISCHARGE LINE |
T0 WW.T.P. ;

TILE REPAIR LOCATL

RGIS 09 Repair
Location

1879" ¢




RGIS 09 Repair Cross Section

EXIST. RIP RAP

EXIST. GRAVEL ACCESS ROAD-
8' T0 12" GRAVEL SURFACE
REMOVE, SALVAGE AND
REPLACE

NEW SILT FENCE
FOR REPAIR

T/ EXIST. SHEET
PILING EL.660.0 + —

04WM EL.59.4 /./ / A L
) S NEW GTX
\\:N:u.‘ _‘5‘I TO B:_ .\\\““
T ol RNV EXIST. 2' CLAY CaP

TITTABAWASSEE RIVER

DRAINGE | '~
o REMOVE, SALV
MEOIA | “EXISTN A REPLACE
~SOIL
N S e

EIIST ELFIE[ﬁL TILL

370 E‘J \—nzu §'ADS NI2 PIPE
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Bank Stabilization — Eroding Banks




Eroding Bank Stabilization -
Tittabawassee River

High levels of dioxin/furan in bank “levee” deposits

Active source of contamination into the river as
these banks erode

Bank erosion is significant and widespread

Consistent with EPA/MDEQ guidance to control
sources first

Pilot different technologies - “softer footprint” where
possible

— 4 pilot stabilization areas
— 3 additional areas — monitoring only

MDEQ approval of Pilot Work Plan on July 10, 2008



Eroding Bank Stabilization -
Tittabawassee River

Canopy management (tree trimming) over winter and
early spring

Other downstream areas for stabilization in Reach M
in 2009

— Water levels need to go down

Monitoring Plan under review in coordination with
NRDA Trustees
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Eroding Bank Stabilization -
Example Pilot Area
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Fall 2008
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February 2009 — Ice and flood damage at Reach J/K remediation area
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Monitoring banks in
different conditions to
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Tittabawassee River In-Channel Deposits




“In-Channel” Considerations for IRAS

How stable is it?

How exposed are the elevated concentrations?

Are there uncontrolled sources upstream that make
recontamination of the area likely?

Can it be efficiently removed or controlled now?

What additional information do we need to make a
decision about early action?

S
—
DE'-_—_!-
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Tittabawassee River In-Channel Deposits

Address surface concentrations that are high
— Reach J/K - TEQ/Parathion

Collect additional data to determine/verify stability of deposits
Dow is proposing to leave in place in the short term (field
validation of modeling)

— Reach J/K

— Reach L and others — data to be provided in June 1 GeoMorph® Report or
sooner

Comparison of channel conditions between 2008 and 2009
— Bathymetry

— Erosion pins

— Scour chains

Conduct sediment toxicity testing

Reach J/K data in from 2008
— Under review
— Toxicity does not appear to be acute

— Does not appear to be eroding based on Fall 2008 data - need to see
spring data which would capture effects of winter/spring flood events



Example - Erosion Pins/Scour Chains

4 Stations
m— Reach Boundary
hales:
11 In-channel base bayer 15 2008
balitymeiry dala Tan ook
ndcale shallowsr arase,

Z] Crearbark basa layar is 2006
actial phoingrap.

Ey: CR Eiisd By: BRS
GzoMorph® Sie Charactsrization

Upper Reach L

Upper Titabawars ses River
Mdard, Wi
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Ittabawassee River
GeoMorph® Investigation Report

MDEQ approval of the June 30, 2008, GeoMorph® sampling plan on
July 10, 2008

Complete initial soil and sediment characterization work for the
Tittabawassee River

Report due June 1, 2009

Finish remaining “in-channel” sediment characterization (from Freeland
Road bridge to confluence)

Floodplain work that has not been completed due to property access issues
— More work necessary “best efforts” to gain access

Additional work necessary to complete investigation phase and move into
feasibility studies and corrective measures design(s)

— Analysis of archived samples from Lower Tittabawassee River where necessary
to fill out nature and extent

IRA Follow up work — decision tree
— Report submitted April 15, 2009



IRA/PCAP Residential Decision Tree

o Step out sampling if trigger levels are exceeded
* In-channel sediments - 10,000 ppt at any depth
e Overbank soil - 10,000 ppt in top 1 foot on any property

» Residential property soil - 1,000 ppt in top 1 foot in areas
that are in active residential use (update from 2007)

 Evaluate extent, exposure potential, vulnerability to
migrate, etc.

« Determine if IRA or PCAP is appropriate before final
remedial action

e In process of evaluating April 15, 2009 IRA Report
— Have returned the report to Dow for additional work (5/4/09)
— Evaluate concentrations across property lines



Tittabawassee River IRA Implementation Decision Tree
for Furans and Dioxins
6/26/08

Obijective: To define a process that consistently addresses future sampling results for determining when an
IRA response needs to be judiciously initiated. Any identified IRA work is performed to reduce human
exposure potential for the short term, and is separate from the ongoing requirement to complete the
Corrective Action (CA) process for selecting, designing, and implementing the final corrective
measures/remedial action plan which will address long term human health and ecological issues (which
may incorporate IRA work into the final remedy).

4

Assessment of the Need for IRA

Is the in-channel sediment concentration greater than 10,000 ppt TEQ (irrespective of depth)?
Is the surficial, overbank soil concentration greater than 10,000 ppt TEQ (See Footnote 1)7
Is the surficial, overbank soil concentration of a parcel zoned, maintained, and actively used for residential
purposes greater than 1,000 ppt TEQ (See Footnote 1)7

./

T S

¥ N I Yes
No IRA Required:

[+]
Continue with \ . . . .
CA Process for ( Step 1: Delineation of Potential IRA Area

e : Sea LTR SAP (e.g., bathymetry, step-out sampling, geophysics,
determination of Final |

N

R g poling, ete.)
emedy
| C
i
Step 2: Determine Need for IRA
No Location of deposit (e g., size of area, depth, and exposure
potential)
No IRA Required: Vulnerability of contaminated deposit (e.g., likelihood of re-
2 i mobilization, mass loading potential, sheer stress/velocity |
gf;}zﬁggig:r&i“gscﬁ;;d%r modeling, bedload analysis, etc.) J
determination of Final Remedy rl Yes
No Step 3: Determine IRA Timing

Site accessibility? (e.g., river conditions, weather conditions, site
access, permitting and ecological factors)

_i" Prepare to access site %, T o
1 during ‘window’ ! |_’ Yes
' conditions !
N e e e -t Step 4: IRA Necessary and Executable:
I L Submit IRA Work Plan and Implement Following
'L MDEQ Approval
(Track number of IRAs in progress)

Footnote 1: Definition of ‘surficial soils’ is the upper one foot interval. For eroding bank samples,
interval is within one foot of bank surface.




[RA Implementation Decision Tree
Step 2 and 3 Report

Tittabawassee River and
Floodplain Soils
Midland, Michigan

Prepared for:
The Dow Chemical Company

1790 Building
Midland, Michigan 48674

Prepared by,
Ann Arbor Technical Services, Inc.

290 South Wagner Road
Ann Arbor, Michigan 48103

April 15, 2009
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Number of Residential Properties

Middle and Lower Tittabawassee Floodplain Residential Properties
Summary of Estimated Dioxin/Furan TEQ Concentration Ranges

Properties Locations
Total 115 718

# > 1,000 ppt (% of total)

@ Maximum 65 (57%)} 362 (50%)

50

B <1ft Start 57 (50%) - 324 (45%)

40 1 Surface 52 (45%) ) 269 (37%)

30

20

10

non detect 10-90 ppt 90-1,000 ppt 1,000 - 10,000 ppt >10,000 ppt
(typ. <10 ppt)

E-TEQ Concentration Range



i e e il L SR . N A . " % B & " H“‘..J‘..F‘.,

el ETEQ Max Sample Resul

Inchann

nchannel ETEQ Surface Sample Results




Midland Presumptive Approach

Soll contamination located primarily north and east of
Dow Plant site

Dioxins and furans as typically less than 1000 ppt TEQ
but greater than 200 ppt over large residential areas

Very limited soil data

Dow proposal is to use air modeling to identify
“presumptive remedy” areas and to use limited soil data
for model validation

This is an alternative approach to the development of a
“site specific” soll criteria with independent peer review



Midland Presumptive Approach

Initial discussions with Dow and the City of Midland were
held in 2008 on a “presumptive remedy approach”

Since then, MDEQ has been working with Dow to further
develop a strategy

Dow submitted a work plan outline late yesterday
(May 5, 2009)

Plan is under review

MDEQ has committed to further discussion with the City
of Midland

More details to follow



Summary of Midland Area Dioxi

n Samples

100
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240, 35
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200

Summary of Dow, U.S E_PA & MDEQ Dioxin Data from 1983,
1984, 1996, and 1998
H Lessthan 80 ppt TEQ
®  Excesds 90 ppt TEQ
4 [Excesds 80 ppiTEQ

(Averags of Muliiple Samples)
Motes:

1983 and 1984 data is estimated using 2,3,7,8-TCOD
concentrations and congener profils information
DEQ sampiings conducted in public rights of way, public

IRA Meighborhoods.

school grounds and public parks.

August 25, 2005
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Update Signs to be Consistent with Updated Fish Advisory

Important Fishing Information °Departm_ent Of
rﬁjvisories for the CO mm u n |ty Health

A
Fish Consumptio

Tittabawassee River from Midland to Saginaw

are in effect because of Dioxins and PCBs av al I ab I e after m eet| n g

DO NOT EAT 'wouag : .,it."g . &u;&m A .
PER YEAR OVER 22 INCHES.
EVERYONE ELSE - UNLIMITED to dISCUSS
CONSUMPTION UNDER 22 INCHES, ONE
MEAL PER WEEK OVER 22 INCHES.

watere <

L e sl ) Advisories have
TN .
Y BT O WAL ONTH. become more stringent

EVERYONE ELSE - ONE MEAL A WEEK
OF ALL OTHER FISH, INCLUDING:

*Signs need to be
updated — funding
dependent

Morthern Pike Yellow Perch

ALSO

CATCH AND RELEASE IS SAFE
For Complete Fish Co on Information:
Mic rtment of Community Health

1-¢ C (648-6942)
hittp://www.michigan.gov/mdeh-toxics




Disturbance and Management of Soils in Areas with
Potential Dioxin/Furan Contamination

www missdigorg

MISS DIG System, nc.

1-800-482-T 771

Terws fall weorking days bafore you dig
call tha MIES DIG Syesame. Cur mansbar

ar ne chargs.

Dig’Safely.

One Call
Excavation
Handbook

utilitios will e=ark the approcimass Lecation
of thetr undergrowmnd poblic wsliny factitias

==
)

Mechanism to let utility workers know
about large areas of contamination and
suggested precautions for working in soll

*Miss Dig is an example of a type of
mechanism that could be used to notify
utility workers/contractors of potential
contamination when working in
Tittabawassee River floodplain south of
Midland

*Development of “Management of
Disturbed Soils and Dredged Sediments”
booklet

*Work plan submitted by Dow on
October 10, 2008. Approved by Miss Dig
Board during their March 2009 meeting.
Contract being developed.



Disturbance and Management of Soils in Areas
with Potential Dioxin/Furan Contamination
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Contact Information

Al Taylor - MDEQ
517-335-4799
taylora@michigan.gov

Art Ostaszewski - MDEQ
517-335-1119
ostaszewskia@michigan.gov

Cheryl Howe — MDEQ
517-373-9881
howec@michigan.gov

Greg Rudloff — U.S. EPA
312-886-0455
Rudloff.Gregory @epamail.epa.gov

\7

EPA
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