Natural Resource Damage Assessment
Plan for the Tittabawassee River System
Assessment Area

Prepared under contract for:

Remediation and Redevelopment Division
Michigan Department of Environmental Quality
PO Box 30426
Lansing, MI 48909
Contact: Judith Gapp

Prepared by:

Stratus Consulting Inc.
PO Box 4059
Boulder, CO 80306-4059
303-381-8000

1920 L St. NW, Ste. 420
Washington, DC 20036
Contacts:

Kaylene Ritter
P. David Allen 1l

April 2008
SC11317



Contents

TSy 0 T U TSP SSSRRSI vii
LIST OF TADIES ...ttt bbbt r s iX
List of Acronyms and ADDIevIations ............cccoveiiiiiicc e Xi
Chapter 1 INErOAUCTION........ceiiiiece ettt e e e e e sneenee s 1-1
1.1 Statement Of PUIMPOSE ....oooiiiiii ettt 1-1
1.2 TrusteeShip AULNOIILY .....ccoiiiiiiiiiie e 1-2
12,1 SHALE TIUSTERS ...ttt 1-2
1.2.2  FEUeral trUSTEES ......eevieieieie st 1-2
1.2.3 TriDAI IFUSTEES ....vveiiiiieieie e 1-3
1.3 Decision to Perform a Type B ASSESSMENL........c.cccoeiirriiiiiriieiesee e 1-3
14 Natural Resource Damage ASSESSMENT PrOCESS ..........ccivrierierienienienisieseeeennes 1-4
1.4.1 PreasseSSMENt PRASE .....c.ccveveiieiieie e sieeseesee st te e sre e enes 1-4
1.4.2  AsSesSMENt Plan Phase........ccccvveiveiiiiieiiece e 1-5
1.4.3  ASSESSMENT PRASE.....c.eiiiiiiiiii e 1-5
1.4.4 POSt-aSSESSMENT PNASE .....oviiviiiiiiieiieieie e 1-6
1.5  Natural Resource Damage Coordination with Response Actions..................... 1-6
1.6 Public Review and COMMENL..........ccccuiiiiiiriieiese s 1-7
1.7  Organization of the AsSSeSSMENt PIaNn ..........ccceviiiiiiiiiiesiece e 1-8
Chapter 2 Description of the ASSESSMENT AFEa.........ccveiiririieeiesie e 2-1
2.1 RIVEE SYSTBIM ..ttt bbbt 2-1

2.1.1 Tittabawassee River location, geomorphology, hydrology, and
anthropogenic INFIUENCES .........cccveiieieec e 2-1

2.1.2 Saginaw River location, geomorphology, and

anthropogenic INFIUBNCES .........cvoiiiiee s 2-4
2.1.3  SAQINAW BAY .....ooviiiicieceseee et 2-6
2.2 Aerial Deposition Area Associated with the Dow Plant..............ccccoevveieinnne. 2-7
2.3 Dow Midland PIant PrOPertY .........ooveieiieiieiiiie et 2-7
A N o Y AV AN = 1o USSP 2-9
2.4.1 AQUALIC DIOA.......ceiieieciccece e 2-9
2.4.2 TRSAA terrestrial and wetland Diota..........ccoocoveiiniiiiiinnenenc e 2-12
2.4.3 Threatened and endangered SPECIES........ccovverieriereeneniie e 2-14

SC11317



Contents (April 2008)

Chapter 3

3.1

3.2

Chapter 4

4.1

4.2
4.3

4.4

4.5

4.6

Chapter 5

5.1

5.2

Hazardous Substances Released by DOW...........cccccceevveiieiieieecc e 3-1
Operational History of the Dow Midland Plant..............ccocoviiniiiieiinicnne 3-1
3.1.1 Early sources of dioxins and furans: electrolytic production of

chlorine using carbon electrodes...........ccccveeiieviveie e 3-4
3.1.2 Later sources of dioxins and furans: electrolytic production of

ChIOrOPNENOIS ... 3-5
3.1.3 Dioxins and furans produced by incineration practices.................c....... 3-5
3.1.4 Dow waste management NIStOrY .........cccoovveieriiereeresie e 3-6
Remedial Actions and Risk Assessments in the TRSAA ... vvivvieiinnenens 3-9
3.2.1 Historical remedial investigations (1980S-19908S) .........cccccererrieriennnene 3-9
3.2.2  ReMOVAl GCHIONS.......iiieiiieiecie e 3-16
3.2.3 Ecological risk asseSSMENLS .........cceeiverieiieriereeie e eee e ee e 3-17
Confirmation Of EXPOSUIE.........cceiiiieiieie e 4-1
StUAY Area AQVISOTIES .....eeivieiiitieiie ettt nte e st e sre e e 4-1
4.1.1  Fish consSUMPLiON a0VISOIIES. ......covuiiiiriieiieie e 4-2
4.1.2 Wild game adVISOIIES. .......ccuriiiiiiieiesie et 4-4
4.1.3  SOIl @AVISOIIES.....c.viiiiiiiiiiisiiee et 4-5
Other Data Confirming Exposure of Natural ReSOUICES .........ccccccvvevvveieireennenn, 4-7
Surface Water and Sediment RESOUICES ..........ceoiveiiiiriieniesie e 4-7
4.3.1 DEfINITION ...coiiiiicie et 4-7
4.3.2 Exposed surface water and sediment reSOUICES.........cccvvvververeerieseernnns 4-7
Biol0QiCal RESOUICES ......ccvviivieieciiciieecie ettt 4-8
441 DEfINITION ...coiiiiiiiiiie et 4-8
4.4.2 Exposed biological reSOUrCES.........ccoviieiiriiiiieeeee e 4-8
GroUNAWALET RESOUITES ......eevieiierieiteste sttt eiee ettt bbb 4-8
451 DEFINITION .cviiiiieccec e 4-8
4.5.2 EXPosed groundwWater rESOUICES ........ccueieeruereesiersieniesessreessesseesseeseeas 4-9
GEOIOGIC RESOUITES ...ttt 4-9
4.6.1  DEFINITION ..oviiiiiii e 4-9
4.6.2 EXP0SEd ge0I0QIC FESOUICES.....ccuveiveerieirieiteeiieeresteesreeseeseesree e eaesraesneas 4-9
ASSESSMENT APPIOACK ...t 5-1
OVverall APPrOaCH ... 5-1
5.1.1 Iterative assessment planning and assessment determination................ 5-2
5.1.2 Cooperative assessment With DOW ..........cccccvvivevveriiieseese e 5-2
Injury and Pathway Determination ...........cccceoceiieieiiie s 5-3
5.2.1 Definitions Of INJUNY.....ccviiiiiiiie e 5-3
5.2.2 Injury determination approaches ..........ccccceoerereninienieiee e 5-5
5.2.3 Pathway determination approach.........c.ccccecvvviiiieiicie e, 5-5
5.2.4 Quantification of spatial and temporal extent of injuries ................... 5-10

Page iv

SC11317



Contents (April 2008)

5.3

5.4
5.5
5.6

Chapter 6

6.1

6.2

6.3

6.4

6.5

5.2.5 Determination of Daseling..........ccccooeiiiiiiiii s 5-11
5.2.6  EStMAtion OF [0SSES .....ccuveiiiieiieecie e 5-11
5.2.7 Estimation of recovery to baseling..........cccccvevveieiieenisie e 5-11
Determining Restoration Opportunities and Benefits..........ccccceveveivcincnnn, 5-11
5.3.1 Categories of evaluation Criteria...........cccerieririieneiiesie e 5-12
5.3.2 Evaluation criteria and their interpretation .............ccocevevereninennnn. 5-12
5.3.3 Restoration OPPOrtUNITIES........ccvvieeieeiesiereesee e ie e 5-15
Scaling Restoration Gains to Losses Caused by Injuries.........cccocvevveiveieennne 5-15
Development of the Restoration and Compensation Determination Plan........ 5-17
New TRSAA-Specific Assessment Studies Being Considered by
TNE TTUSTEES ...ttt bbb bbb 5-17
5.6.1 Restoration Planning .........ccccceiveveiieeiieie e 5-18
5.6.2 Biological and ecological INJUIIES...........cceeiriiiiiniiesie e 5-18
5.6.3 Analysis of past injuries and future trajectories of injuries................. 5-19
5.6.4 Determining the scope of economic studies to measure damages

related t0 AdVISOTIES .....ccviieierieiie et e 5-19
5.6.5 Economic study to measure damages related to advisories................. 5-20
Quality Assurance Project Plan..........ccoooiiiiniiiiii e 6-1
Project Organization and ReSponSibility ... 6-2
6.1.1 Assessment Manager and Project Manager...........ccooevveresieesvesieennenns 6-3
6.1.2 Data Quality Manager.........cccecvieiieiieiieieeiesee e sre e sre e 6-3
6.1.3 EXxternal QA REVIEBWEN .........ccuiiiiieiii et 6-4
6.1.4  PrinCipal INVESTIGALOr ........coviiiiiiiieiiiieecee e 6-4
6.1.5 Field Team LEAUET ......coeivi i 6-5
6.1.6 Laboratory Project Manager .........cccccevveieeiieiieie e 6-5
6.1.7 Technical staff...........cocoiiriii 6-6
Quality Assurance Objectives for Measurement Data............ccocceeevenenennnnens .6-6
B.2.1  OVEIVIBW ...ttt bbbttt sttt 6-6
6.2.2  Quality CONtrol MELIICS ....cveiviecieeie e 6-7
SAMPIING PrOCEAUIES ......viiieiiieieee e e 6-10
6.3.1  Sample COECTION.......ccoiiii s 6-10
6.3.2 Sample containers, preservation, and holding times.............cccccoeevnne. .6-10
6.3.3 Sample identification and labeling procedures..........c.cccceevevveivvenenne. .6-10
6.3.4  Field sampling fOrMS ........cooiiiiiee e 6-11
6.3.5 Sample storage and tracking .........c.ccooeieieiiniiinieee 6-11
6.3.6 Geographic data COIECtion ..........cccoveeviieiiiii e 6-12
SAMPIE CUSEOAY ...veevvieiieciicie ettt re e be e ane s 6-12
6.4.1 Definition of CUSTOAY ......ccoviiiiiiieiee e 6-12
B.4.2  PrOCEUUIES.....ccueeivieieeiiesieesie e ste et nte et e b e eesreenreeneeaneenneas 6-13
ANAIYLICAl PrOCEAUIES ..ot 6-14

Page v

SC11317



Contents (April 2008)

6.6

6.7

6.8

6.9
6.10
6.11

References....

Attachments

mgoowd>

Calibration Procedures and FIrEQUENCY ........ccocuereerierienieneenie e 6-14
6.6.1 Laboratory eqUIPMENT.........coocoiiiiiieieieiesie s 6-14
6.6.2 Field eqQUIPMENT .......cciiiiee e 6-15
Data Validation and REPOIING ......cccccvveveeiieieiiecece e 6-15
6.7.1  General QPPrOaCh .........ccveiiiie i 6-15
6.7.2  Data rePOITING ...cc.eeeeieeieieieesie et 6-15
6.7.3 Data review and validation of chemistry data ..............cccoceviveieriennnnn 6-15
Performance and SysStem AUILS.........ccecveiieiieie e 6-17
6.8.1 Technical SyStem aUdItS ........ccccvrieiiieiiiie e 6-17
6.8.2 Performance evaluation auditS...........ccceeveriereiienieene e 6-17
Preventative Maintenance Procedures and Schedules...........cccccovvvneiiiinnnnns 6-18
Procedures Used to Assess Data Usability ............ccccceviiiiiiiiiiciiiciece 6-18
COITECHIVE ACKIONS ...ttt ettt st ne s 6-18
6.11.1 DefINITION ..ooiiiieiieie et 6-18
6.11.2 Discovery of NONCONTOrMAaNCE.........cccvevveieiieie e 6-19
6.11.3 Planning, scheduling, and implementing of corrective action............. 6-19
6.11.4 Confirmation of the reSult...........cccooriiiiini e 6-20
6.11.5 Documentation and reporting .........ccooeverererereniesieeiesese e 6-20
6.11.6 Laboratory-specific corrective action ............ccceevevveresininesesie s 6-20
............................................................................................................................ R-1

Tittabawasee River System Assessment Area Biota Lists

Chemicals Produced by Dow

Hazardous Substances Associated with Past and Present Dow Plant Processes
Consumption and Contact Advisories Issued in the TRSAA

Environmental Media Chemical Concentration Data

Page vi
SC11317



Figures

2.1

2.2

2.3

2.4

5.1

5.2
6.1

Map of the Tittabawassee River, Saginaw River, Saginaw Bay, and their

100-year FlOOAPIAINS .......coiiiiiiieie ettt be s 2-2
Map of the Saginaw River and Saginaw Bay showing the Shiawassee

National Refuge, the Crow Island State Game Area, and the Saginaw Bay

and Middle Ground Island confined disposal facilities ............c.cccevveveiieiecre e, 2-5
Map showing the Dow Midland manufacturing plant property boundary, tertiary
treatment ponds, known historical waste burial sites, and parks near the Dow plant ... 2-8
Typical riparian wetland community on the Tittabawassee River floodplain

IN the SNIAWASSEE NWWR ........oiiiiiiiiiee ettt 2-13
Partial ecological conceptual model identifying primary and secondary sources

of contamination in the lower Tittabawassee River and floodplain with respective

exposure routes t0 eCologiCal FECEPLOIS ........viveieeiecie s erie et e e 5-10
Timeline of injuries and damageS. ........cecvveiieii i 5-16
Example of project quality assurance organization ..............ccoceveererienieeseeseseesee s 6-2

SC11317



Tables

2.1
2.2

3.1

3.2
3.3

3.4

5.1
5.2
5.3
5.4
5.5
6.1

Summary of land use in the Saginaw Bay watershed............cccccoevveviiiiiicii i, 2-12
State-listed threatened species, endangered species, or animal species of

special concern documented in Midland or Saginaw COUNIES ...........ccvvvererereriennnn 2-15
Summary of historic remedial actions, interim response actions,

and CERCLA removal actions conducted in the TRSAA ... 3-10
Summary of Dow’s remedial investigation site characterization documents.............. 3-14
Summary of exposure and effects endpoints to be measured in the field

Studies FUNAEA DY DOW.......ccuviiiiieiecece e e e e 3-20
Summary of productivity endpoints to be measured in the field studies

TUNAEA DY DOW......viiiiie ettt bttt nne s 3-21
Components of selected injury definitions and evaluation approaches..............cc......... 5-6
Eligibility criteria for restoration planning.........c.cccocevveie s 5-12
Focus criteria for restoration planning...........ccccceevviiiieeic s 5-13
Implementation criteria for restoration planning ..........ccccovveieiienieie e 5-13
Benefit criteria for restoration planning...........ccocevreiiiiieniee e 5-14
Laboratory and field quality control sample targets for chemical analyses .................. 6-7

SC11317



Acronyms and Abbreviations

AM Assessment Manager

AO authorized official

ATS Ann Arbor Technical Services
BERA baseline ecological risk assessment
BIA Bureau of Indian Affairs

CAS Chemical Abstracts Service

CDF confined disposal facility

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cfs cubic feet per second

cocC chain of custody

CWA Clean Water Act (Federal Water Pollution Control Act)
DM Department Manual

DOl U.S. Department of the Interior

DQO data quality objective

EPA U.S. Environmental Protection Agency

ERA ecological risk assessment

FCA fish consumption advisory

FEMA Federal Emergency Management Agency

FS feasibility study

FTL Field Team Leader

GPS global positioning system

IRA interim response action

MDA Michigan Department of Agriculture

MDAG Michigan Department of the Attorney General
MDCH Michigan Department of Community Health
MDEQ Michigan Department of Environmental Quality
MDL method detection limit

MDNR Michigan Department of Natural Resources

MGD million gallons per day

SC11317



Acronyms and Abbreviations (April 2008)

NCP
NPDES
NRDA
NREPA
NWR

PBBs
PCBs
PCDDs
PCDFs
PCOI
Pl

PM
ppm

pptr
PRP

QA
QAPP

QC

RCDP
RCRA
RGIS
RI
RIWP
RPD

SAP
SDWA
SLERA
SOP
SRM

2.4-D
TCDD
TEQ
TRSAA
TRV
TSA

National Oil and Hazardous Substances Pollution Contingency Plan
National Pollutant Discharge Elimination System

natural resource damage assessment

Natural Resources and Environmental Protection Act

National Wildlife Refuge

polybrominated biphenyls
polychlorinated biphenyls
polychlorinated dibenzo-p-dioxins
polychlorinated dibenzofurans
primary constituents of interest
Principal Investigator

Project Manager

parts per million

parts per trillion

potentially responsible party

quality assurance
quality assurance project plan
quality control

restoration and compensation determination plan
Resource Conservation and Recovery Act
revetment groundwater interceptor system
remedial investigation

remedial investigation work plan

relative percent difference

sampling and analysis plan

Safe Drinking Water Act

Screening Level Ecological Risk Assessment
standard operating procedure

standard reference material

2,4-dichlorophenoxyacetic acid
2,3,7,8-tetrachlorodibenzo-p-dioxin

toxicity equivalent

Tittabawassee River System Assessment Area
toxicity reference value

Technical System Audit

Page xii
SC11317



Acronyms and Abbreviations (April 2008)

USFWS U.S. Fish and Wildlife Service

UTR Upper Tittabawassee River
WWwI World War 1

WWII World War Il

WWTP wastewater treatment plant

Page xiii
SC11317



1. Introduction

1.1 Statement of Purpose

The State of Michigan, represented by the Michigan Department of Environmental Quality
(MDEQ), the Michigan Department of Natural Resources (MDNR), and the Michigan
Department of the Attorney General (MDAG); the Saginaw Chippewa Tribe; and the

U.S. Department of the Interior (DOI), represented by the U.S. Fish and Wildlife Service
(USFWS) and the Bureau of Indian Affairs (BIA), collectively the Trustees, are conducting a
natural resource damage assessment (NRDA) to restore natural resources, and the services they
provide, that have been injured as a result of releases of hazardous substances® at and from the
Dow plant property in Midland, Michigan to the Tittabawassee River System Assessment Area
(TRSAA). Dow has been identified as a potentially responsible party (PRP) for those releases.
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

[42 USC 88 9607 et. seq.], the Federal Water Pollution Control Act (Clean Water Act or CWA)
[33 USC 8§ 1321 et. seq.], the Oil Pollution Act [33 USC 88§ 2701 et. seq.], and the National Qil
and Hazardous Substances Pollution Contingency Plan (NCP) [40 CFR § 300, Subpart G]
provide the Trustees authority to seek damages and to make the public whole for injuries to
natural resources. The Trustees prepared a Preassessment Screen and Determination following
federal regulations at 43 CFR 8 11.23. The Preassessment Screen was a review of readily
available information, from which the Trustees determined that hazardous substance releases’ at
and from Dow were likely to have injured natural resources (USFWS, 2006). The Trustees
therefore concluded that an assessment should proceed.

This Assessment Plan also has been prepared in accordance with federal regulations at 43 CFR
Part 11.2 The purpose of the Assessment Plan is to describe the Trustees’ approach for
conducting an NRDA in the TRSAA and to propose assessment work to determine and quantify
natural resource restoration necessary to make the public whole for losses caused by natural
resource injuries resulting from Dow’s releases of hazardous substances.

1. In this document, the term “hazardous substances” refers to hazardous substances as defined in federal
regulations at 40 CFR 8§ 302.4 and Part 201 of the Michigan Natural Resources and Environmental Protection
Act (NREPA), M.C.L. 324.20101 et seq.

2. CERCLA Section 101(22) defines “release” as any “spilling, leaking, pumping, pouring, emitting,
emptying, discharging, injecting, escaping, leaching, dumping, or disposing into the environment.”

3. The application of these regulations is not mandatory, and the Trustees have the option of diverging from
them. However, assessments performed in compliance with these regulations have the force and effect of a
rebuttable presumption in any administrative or judicial proceeding under CERCLA [42 USC 8 9607(f)(2)(C)].

SC11317
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1.2 Trusteeship Authority

This section describes natural resource trusteeship. Multiple Trustees may share trusteeship for
specific TRSAA natural resources.

1.2.1 State trustees

Pursuant to federal regulations at 40 CFR § 300.605, state trustees “shall act on behalf of the
public as trustees for natural resources, including their supporting ecosystems, within the
boundary of the state or belonging to, managed by, controlled by or appertaining to such state.”
The Dow plant and surrounding area are within the boundaries of the State of Michigan, and the
Tittabawassee River, Saginaw River, and Saginaw Bay are waters of the State of Michigan. The
governor of a state may designate state trustee agencies. The Directors of the MDEQ), the
MDNR, and the Attorney General of the State of Michigan have been designated as natural
resource trustees for the State of Michigan, pursuant to Section 107(f)(2)(B) of CERCLA.

1.2.2 Federal trustees

As directed by CERCLA [42 USC 8§ 9607()(2)(A)], the President has designated in the NCP the
federal officials who are authorized to serve as natural resource trustees [40 CFR § 300.600(b)].
The Secretary of the DOI has trustee authority under the NCP for natural resources “belonging
to, managed by, held in trust by, appertaining to, or otherwise controlled” by the DOI [40 CFR
88 300.600(b), (b)(2), and (b)(3)]. Such natural resources include “land, fish, wildlife, biota, air,
water, groundwater, drinking water supplies, and other such resources” [40 CFR 8§ 300.600(a)],
as well as “their supporting ecosystems” [40 CFR 8§ 300.600(b)]. In addition to the trustee
responsibility set forth in federal regulations at 40 CFR Part 300, the Secretary of the DOI is also
charged under other authorities as a trustee for the trust assets of Indian tribes. Such trusteeship
is based on statute, treaty, and case law. “It is the policy of the Department of the Interior to
recognize and fulfill its legal obligations to identify, protect, and conserve the trust resources of
federally recognized Indian tribes and tribal members” [512 Departmental Manual (DM) 2.1].

U.S. Fish and Wildlife Service

The Secretary of the Interior has delegated to bureau directors the authority to act on behalf of
the DOI as the authorized official (AO) in conducting NRDA activities [207 DM 6.3B]. The
Regional Director of USFWS Region 3 serves as DOI’s AO for the TRSAA. Acting through the
USFWS AO, the DOI is authorized by CERCLA [42 USC § 9007(f)] to act on behalf of the
Secretary to conduct NRDA, restoration planning, and implementation for DOI’s natural
resources. The statutory bases for USFWS trusteeship include, but are not limited to, the

Page 1-2
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National Wildlife Refuge System Improvement Act [16 USC 88 668dd et seq.], as amended by
the National Wildlife Refuge System Improvement Act of 1997, the Fish and Wildlife Act

[16 USC 88 742a et seq.], the Migratory Bird Conservation Act [16 USC 88 715 et seq.], the
Refuge Recreation Act [16 USC 88 460k-1], the Migratory Bird Treaty Act [16 USC §§ 703

et seq.], the Bald and Golden Eagle Protection Act [16 USC 88 668 et seq.], and the Endangered
Species Act [16 USC 88 1531 et seq.].

Bureau of Indian Affairs

BIA has management authority and trust responsibility to protect, preserve, and defend the trust
resources of the Saginaw Chippewa Indian Tribe of Michigan. BIA is a co-trustee over the same
natural resources as the tribe under CERCLA [42 USC § 9607(f)(2)(A)] and the NCP [40 CFR §
300.600(b)(2)].

1.2.3 Tribal trustees

An Indian tribe is a trustee for “natural resources belonging to, managed by, controlled by, or
appertaining to such tribe, or held in trust for the benefit of such tribe, or belonging to a member
of such tribe if such resources are subject to a trust restriction on alienation” [42 USC §
9607(f)(1)]. Such natural resources including “their supporting ecosystems” [40 CFR § 300.610].
The NCP recognizes the chairman of an Indian tribe as a natural resource trustee acting on behalf
of the tribe [40 CFR § 300.610]. The Saginaw Chippewa Indian Tribe of Michigan is a Trustee
of the TRSAA.

1.3 Decision to Perform a Type B Assessment

Federal regulations at 43 CFR Part 11 describe two types of assessments: Type A and Type B.
Trustees may select between performing a Type A or a Type B NRDA [43 CFR § 11.33].

Type A procedures are “simplified procedures that require minimal field observation” [43 CFR §
11.33(a)], while Type B procedures require more extensive field observation [43 CFR §
11.33(b)] and are implemented in multiple phases [43 CFR § 11.60(b)]. The simplified Type A
models have been developed only for Great Lakes environments and coastal and marine
environments [43 CFR § 11.33(a)]. These models are appropriate for discrete spills of hazardous
substances and/or petroleum products up to a few days in duration, with injuries based on acute
exposure via the surface water pathway only [see publication incorporated by reference at

43 CFR § 11.18(a)(5)]. Since none of these conditions apply to the TRSAA, a Type A
assessment is inappropriate. Furthermore, the nature of the releases and natural resource injuries
require more extensive field observations, making a Type B assessment appropriate [43 CFR §
11.33(b)]. Therefore, the Trustees are conducting a Type B assessment in this NRDA.

Page 1-3
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1.4 Natural Resource Damage Assessment Process

NRDA is a process by which trustees of natural resources determine natural resource restoration
sufficient to make the public whole, for losses caused by injuries resulting from releases of
hazardous substances that are not prevented by response actions. The measure of such restoration
may include the *“cost of restoration, rehabilitation, replacement, and/or acquisition of the
equivalent of the injured natural resources and the services those resources provide,” and the
“compensable value of all or a portion of the services lost to the public for the time period from
the . . . release until the attainment of the restoration, rehabilitation, replacement, and/or
acquisition of equivalent of the resources and their services to baseline” [43 CFR § 11.80(b)],
where baseline is the condition of the resources and services that would exist had the release of
hazardous substances not occurred.

The Trustees intend to follow federal regulations at 43 CFR Part 11 for the Tittabawassee NRDA
to the extent practical. In addition, the Trustees intend to conduct elements of the assessment
cooperatively with Dow. The Trustees have entered into a funding and participation agreement
with Dow that is available on the MDEQ and USFWS websites. The agreement specifies how
parts of the NRDA can be conducted cooperatively with Dow. The Trustees envision an
assessment based on Dow-implemented cooperative work, Trustee-implemented cooperative
work, and (as needed to accomplish Trustee goals) independent Trustee work. The Trustees
intend to oversee and participate fully in any cooperative studies and related activities
implemented by Dow, and the Trustees intend to allow Dow to participate in any cooperative
studies and related activities implemented by the Trustees. The public will be given the
opportunity to review any formal plans for assessment work by the Trustees, as appropriate.
Assessment work currently planned by the Trustees is described in Chapter 5 of this Assessment
Plan. Additional assessment work formally proposed by the Trustees (whether cooperative or
independent) will be described in future Assessment Plan addenda, study plans, and standard
operating procedures (SOPs) for public review, as appropriate.

The four major phases in a Type B NRDA process are the preassessment phase, the assessment
plan phase, the assessment phase, and the post-assessment phase.

1.4.1 Preassessment phase

The preassessment phase of an NRDA is the first step in conducting an NRDA. Trustees must
rapidly review available data, determine whether or not to proceed with an assessment [43 CFR §
11.13(b)], and then document this decision in a preassessment screen and determination [43 CFR
8§ 11.23(c)]. The preassessment screen and determination for the TRSAA was completed on
November 3, 2006 (USFWS, 2006). A copy of the preassessment screen and determination is
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listed on the MDEQ and USFWS websites. In accordance with the criteria at 43 CFR § 11.23(e),
the preassessment screen and determination demonstrates that:

4 A discharge or release of hazardous substances has occurred

» Natural resources for which the Trustees may assert trusteeship under CERCLA have
been or are likely to have been adversely affected

» The quantity of the release is sufficient to potentially cause injury
4 Data to perform an assessment are available or obtainable at a reasonable cost
» Response actions do not or will not sufficiently remedy the injury to natural resources

without further action [43 CFR § 11.23(e)].

Thus, the Trustees concluded that they should proceed with an NRDA to develop a damage
claim under CERCLA [42 USC § 9607] and other applicable law.

1.4.2 Assessment plan phase

After deciding to perform an NRDA, Trustees prepare an assessment plan. The assessment plan
ensures that the assessment is well planned, conducted systematically, and that the selected
methods for assessment are cost-effective [43 CFR 8§ 11.13(c)]. The assessment plan confirms
the exposure of natural resources to hazardous substances and/or petroleum products (Chapter 4
of this plan), describes the objectives of any testing and sampling for injury or pathway
determination (Chapter 5 of this plan), and provides a quality assurance project plan (QAPP) to
ensure quality control in testing and sampling (Chapter 6 of this plan) [43 CFR § 11.31(c)(2)].

The assessment plan may also include a restoration and compensation determination plan
(RCDP). However, if insufficient information is available to develop the RCDP at the time of the
rest of assessment plan preparation, the RCDP may be developed later [43 CFR § 11.31(c)(4)].
This assessment plan contains an approach to conduct restoration planning and scaling

(Chapter 5); a complete RCDP will be developed later, potentially in phases.

1.4.3 Assessment phase

The assessment phase is when the evaluation of injuries and damages is conducted. The parts of
a Type B assessment are summarized here and described in greater detail in Chapter 5.
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1. Injury determination: Injury determination establishes whether and what natural
resources have been injured as a result of the release of hazardous substances [43 CFR §
11.13(e)(1)]. It also involves determining the pathway, or route, through which the
hazardous substances were transported from sources to the injured resource [43 CFR §
11.61(c)(3)].

2. Quantification: Quantification establishes the amount or natural resource restoration
necessary to offset the losses caused by natural resource injuries. The extent and degree
of injuries, the ability of the resource to recover, and the reduction in services can be
included in the quantification [43 CFR § 11.71(c)].

3. Damage determination: Damage determination establishes the amount of appropriate
compensation expressed as a dollar amount required to accomplish sufficient natural
resource restoration as compensation for the injuries [43 CFR § 11.13(e)(3)]. Damages
may include the cost of “restoration, rehabilitation, replacement, and/or acquisition of the
equivalent of the natural resources and the services those resources provide” and the
value of losses from the time of the release to the reestablishment of the services to
baseline conditions [43 CFR § 11.80(b)]. Baseline conditions are the conditions that
“would have existed at the assessment area had the discharge of oil or release of the
hazardous substance under investigation not occurred” [43 CFR § 11.14(e)]. Damages
also include the costs of performing the assessment.

1.4.4 Post-assessment phase

The post-assessment phase is the final step in an NRDA process. After the assessment is
complete, the Trustees produce a report of assessment containing the results of the NRDA
[43 CFR 8§ 11.90]. The Trustees may then seek recovery of damages from the PRP [43 CFR §
11.91], and such damages may include direct and indirect costs “necessary to complete all
actions identified in the selected alternative for restoration, rehabilitation, replacement, and/or
acquisition of equivalent resources” [43 CFR 8 11.83(b)]. If damages are awarded, or a
settlement is reached, a restoration plan is developed and implemented using the recovered
money.

1.5 Natural Resource Damage Coordination with
Response Actions

An NRDA must account for any response actions such as cleanup indicated by a remedial
investigation/feasibility study (RI/FS) or decided by a record of decision [43 CFR § 11.31(a)(3)].
The Trustees realize that implementing a protective remedy, whether as corrective actions under
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Resource Conservation and Recovery Act (RCRA) licenses or as cleanup under CERCLA, is of
primary importance for protection of natural resources. However, cleanup cannot achieve full
restoration of injured natural resources and the services provided by those resources because
injuries have already occurred and will continue while and after cleanup actions are
implemented. In general, the more protective (speed and degree) the cleanup, the less residual
injury to natural resources. Consequently, less extensive restoration is then required to return the
resources to their baseline condition and less compensation is required to make the public whole
for interim losses. The Trustees have coordinated, and will continue to coordinate, with MDEQ
and the U.S. Environmental Protection Agency (EPA) as they implement corrective actions and
response activities.

The goals of this coordination are to avoid duplication, reduce costs, and achieve multiple
objectives where practical. At a minimum, the Trustees intend to consider the objectives of
RCRA corrective actions, CERCLA removal actions, and CERCLA remedial actions during the
continued planning and implementation of the NRDA. Whenever practical, the Trustees will
explicitly coordinate damage assessment activities with other investigations and will ensure,
whenever possible, that parties undertaking remediation or corrective activities understand the
Trustees’ NRDA objectives and how their activities impact natural resource injuries, services,
and restoration.

1.6 Public Review and Comment

The Trustees intend for this Assessment Plan to communicate the assessment approach to the
public so that the public can become engaged and actively participate in, or comment on,
assessment activities. Public input may also provide the Trustees with new information and ideas
that they may incorporate into their assessment.

The Assessment Plan is available for public review and comment, as required by 43 CFR §
11.33. The public comment period will last for 30 days, with reasonable extensions granted, if
appropriate. The public comment period begins on the date the notice of availability is published
in the Federal Register. Any comments received by the Trustees, together with responses to those
comments, will be included in the report of assessment. Comments on this Assessment Plan may
be submitted in writing to:

Lisa Williams, Lead Administrative Trustee
U.S. Fish and Wildlife Service

2651 Coolidge Road, Suite 101

East Lansing, MI 48823
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The Assessment Plan may be modified at any stage of the assessment as new information
becomes available. However, any significant modification to the assessment plan will be made
available for public comment and review for 30 days [43 CFR § 11.32(e)].

1.7 Organization of the Assessment Plan

This Assessment Plan is divided into six sections. Chapter 1 introduces the plan by describing
the authority and process by which the Trustees have undertaken the development of the
assessment. Chapter 2 discusses the geography, ecology, and natural resources of the assessment
area. Chapter 3 presents a history of the Dow plant and describes the nature and sources of the
releases of hazardous substances as they relate to RIs, site characterization study results, and
current and past response actions in the TRSAA. Chapter 4 confirms that natural resources in
guestion have been exposed to hazardous substances released from the Dow plant. Chapter 5
presents the approaches for assessing and quantifying injuries to different natural resources, and
Chapter 6 describes the QAPP. The list of all references cited in the document follows Chapter 6.
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2. Description of the Assessment Area

In this chapter we provide descriptions of the three broad geographical regions included in the
TRSAA: (1) the Tittabawassee River and floodplain, the Saginaw River and floodplain, and
Saginaw Bay; (2) the areas affected by aerial deposition of airborne matter originating from the
plant property; and (3) Dow’s Midland manufacturing plant property.

Section 2.1 describes the Tittabawassee River, the Saginaw River, and the Saginaw Bay with
respect to their location, geomorphology, and relevant anthropogenic influences. Section 2.2
describes the currently known extent of the area affected by aerial deposition. Section 2.3
describes the tertiary treatment ponds located on the plant property. It is anticipated that, as the
assessment progresses, additional areas within the Dow property may be identified for inclusion
in the NRDA. Finally, Section 2.4 describes the biota of the TRSAA.

2.1 River System

2.1.1 Tittabawassee River location, geomorphology, hydrology, and
anthropogenic influences

Geographical location

The Tittabawassee River (Figure 2.1) drains a 2,600 square mile watershed in the east-central
Lower Peninsula of Michigan and is a tributary to the Saginaw River [Ann Arbor Technical
Services (ATS), 2007]. The headwaters of the Tittabawassee River originate in the largely
forested landscape of Roscommon and Ogeman counties north of Midland County. The Pine and
Chippewa rivers join the Tittabawassee River upstream of the City of Midland. Bullock Creek
flows into the Tittabawassee River though the southern end of Dow’s Midland plant. Upstream
of the Midland plant, river flow is regulated by four hydroelectric dams: the Secord, Smallwood,
Edenville, and Sanford dams (FERC, 1998). Of the four, the Sanford Dam exerts the greatest
influence on river flow, causing diurnal fluctuations in response to hydroelectric energy demand
and production (ATS, 2007). The Dow Dam is located adjacent to the Midland plant, and below
this dam the river is free flowing until it reaches its confluence with the Shiawassee and Saginaw
rivers.

On the stretch of river below Midland, the river flows south and southeast for 22 miles before its
confluence with the Shiawassee and Saginaw rivers. Within this reach, there are numerous small
agricultural drains that flow into the river. The Towns of Mapleton, Freeland, and Shields are
located along the river. The Tittabawassee River joins the Shiawassee River in the Shiawassee
National Wildlife Refuge (NWR) to form the Saginaw River just south of the City of Saginaw.
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Figure 2.1. Map of the Tittabawassee River, Saginaw River, Saginaw Bay, and their
100-year floodplains. Dark gray demarcates the 100-year floodplain. Hatched gray indicates
areas for which the Federal Emergency Management Agency (FEMA) does not currently
have floodplain data (FEMA, 1995).
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Geomorphology

Between Midland and Saginaw, the Tittabawassee River valley is characterized by relatively flat
floodplains extending to a steep scarp rising to upland areas. The river channel varies from
relatively straight between the Dow Midland plant and Freeland Park (approximately 4.5 river
miles), to a more sinuous system downstream of Freeland Park. The straight nature of the upper
part of the river is the result of anthropogenic activities and restrictions, including historical
logging operations, extensive sheet pile along the riverbank, and steep constructed banks along
the Midland plant (ATS, 2006b, 2007).

Between Freeland Park and the confluence with the Shiawassee River, there are fewer laterally
constraining anthropogenic features. Moving downstream, the channel becomes more sinuous
and meanders through a broadening floodplain, displaying erosional and depositional features,
such as cut banks, point bars, levees, and overbank deposits. Erosion tends to occur on the
outsides of the river bends, forming cut banks, and deposition tends to occur on the insides,
forming point bars. Depositional features also occur within the floodplain, including levees and
overbank deposits. Overbank deposits are found in low-lying areas of the floodplain where fine
materials settle out of suspension following floods. Levees are ridges or embankments of sand
and silt that are built by the river on its floodplain along both banks of its channel. Levees accrue
particularly during flood events when water overflowing the normal banks slows and deposits
larger grained particles. The Tittabawassee River has a distinct double-levee geomorphology,
consisting of what are often referred to as “pre-industrial” and “post-industrial” natural levees.
The formation of the levees is thought to be associated with changes to the hydrology and
hydraulics of the river caused by dam installation, first during the logging era (“pre-industrial”
levees), and later for flood control and hydroelectric power generation (*post-industrial” levees;
ATS, 2006b, 2007). In particular, the construction of the Sanford Dam in 1925 caused a
narrowing of the river channel, which formed the younger “post-industrial” levees interior to the
older “post-industrial” levees (ATS, 2006b). Studies are ongoing to develop a better
understanding of the fluvial dynamics and geomorphology of the river (ATS, 2006b, 2007).

Flow regime

The Tittabawassee River flow regime is “flashy,” meaning that it has highly variable flows with
a rapid rate of change (ATS, 2007). The average and 100-year flood flow rates for the river,
based on data from 1937 and 1984, are approximately 1,700 cubic feet per second (cfs) and
45,000 cfs, respectively (Johnson Co., 2001, as cited in ATS, 2006b). The Tittabawassee River
has a long history of flooding, with flows greater than 20,000 cfs occurring in 22 of the 95 years
of monitoring. The flood stage of the river at Midland is 24 feet (17,300 cfs), but at 20 feet
(approximately 9,000 cfs) some bank overflow begins in isolated areas (NOAA, 2007).
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Anthropogenic influences

The Tittabawassee River’s geomorphology has been affected by many human activities,
including extensive logging, construction of dams for flood control and hydroelectric power
generation, and riverbank stabilization by riprap or sheet piling. Daily fluctuations in river water
levels due to the four dams upstream of Midland may play a significant role in bank erosional
processes. Forested headwaters of the Tittabawassee River, north of Midland, were once
dominated by eastern hemlock (Tsuga Canadensis), eastern white pine (Pinus strobus), and
sugar maple (Acer saccharum; MNFI, 1998, as cited in ATS, 2007). Beginning in about 1847,
this forest was extensively logged (ATS, 2006b). Saw logs were rafted down the river to mills in
the City of Saginaw. The intensive logging substantially reduced vegetative cover and affected
the hydrology of the watershed. Erosion and sedimentation increased due to increased surface
runoff, and base flow decreased. Logjams were common and also affected river flow, erosion,
deposition patterns, and aquatic riparian habitat. The Dow Dam, constructed at the Dow Midland
plant in Midland in 1945 to provide a reliable water source for Dow plant operations, further
altered river geomorphology. Sheet piling and other construction on the riverbank along the Dow
plant site also have had substantial impacts on in-stream and riparian habitats (ATS, 2006b,
2007). For example, artificial stabilization of riverbanks at the site likely increased the incision
of the river within its current channel, which may have decreased habitat complexity.

2.1.2 Saginaw River location, geomorphology, and anthropogenic influences
Location

The Saginaw River begins at the confluence of the Tittabawassee and Shiawassee rivers, and
runs in a generally northeasterly direction, emptying into Saginaw Bay of Lake Huron,
approximately 90 miles north of Detroit, Michigan. The Saginaw River is 22 miles long and
most of its flow originates from four major tributaries: the Cass, Flint, Shiawassee, and
Tittabawassee rivers. The Saginaw River is a relatively low energy river that varies in width
from 375 feet to 800 feet.

Geomorphology

The channel of the Saginaw River is relatively straight. In the urban areas of Saginaw and Bay
City, the shoreline is dominated by industry, but a few parks are also present. The banks here are
armored with various types of riprap and sheet pile (ATS, 2006b). Between the two urban areas,
the river corridor largely consists of agricultural lands and the Crow Island State Game Area
(Figure 2.2).
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Figure 2.2. Map of the Saginaw River and Saginaw Bay showing the Shiawassee
National Refuge, the Crow Island State Game Area, and the Saginaw Bay and Middle
Ground Island confined disposal facilities (CDFs).
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Anthropogenic influences

The U.S. Army Corps of Engineers has actively dredged the Saginaw River channel since 1963
to accommodate commercial shipping activity (USACE, 2007). Dredged sediments have either
been placed in open water out in the Bay, or deposited in one of two CDFs (see Figure 2.2).
Sediments dredged from parts of the navigation channel in the Saginaw River and Saginaw Bay
have elevated levels of polychlorinated biphenyls (PCBs; PSC, 2002), and hence require
confined disposal. Dredging activities have likely redistributed contaminated sediments within
the TRSAA. Shipping along the Saginaw River may also contribute significantly to the
redistribution of contaminated sediments.

Like the Tittabawassee River, the Saginaw River has been affected by historical activities related
to logging. The Saginaw River was the site of numerous sawmills in the 1800s and early 1900s.
It also served as a port for Great Lakes vessels. Later, the bicycle and automobile industries
replaced lumber mills, bringing their own industrial impacts. General Motors owned and
operated four major automobile manufacturing plants along the Saginaw River beginning in the
1910s (CRA, 1992). Municipal wastewater treatment plants (WWTPs) are also located along the
Saginaw River in the City of Saginaw and Bay City. Urbanization of the watershed,
channelization of the river, active dredging, commercial shipping, and industry all have altered
aquatic habitats.

2.1.3 Saginaw Bay

Saginaw Bay is on the western shore of Lake Huron. The Bay has a drainage basin of

8,700 square miles. Twenty-eight rivers, creeks, and drainages flow directly into Saginaw Bay,
but approximately 75% of the tributary hydraulic load comes from the Saginaw River (Beeton
etal., 1967). The Bay is 26 miles wide at the mouth and 51 miles long from the midpoint to the
mouth of the Saginaw River. Saginaw Bay has a surface area of 1,143 square miles (MDNR,
1994e). A broad shoal between Big Charity Island and Sand Point divides the Bay into outer and
inner zones. The outer zone is considerably deeper (mean depth 48 feet, maximum 133 feet) than
the inner zone (mean depth 15 feet, maximum 46 feet). The eastern shore of the outer bay is
rocky and the western is sandy. The Bay has several islands; the most prominent is Big Charity
Island between Whitestone and Oak points. A group of marshy low-lying islands (North, Stony,
and Katechay) lies southwest of Sand Point on the southeast shore of the Bay. These islands are
surrounded by marshy shallows that provide important habitat for waterfowl (PSC, 2002).

The typical surface current in the Bay is counterclockwise, due to a strong Lake Huron current
that flows down the western edge of the outer bay. Long-term chloride monitoring by Dow
indicates that waters from the Saginaw River flow north along the eastern shore of the Bay
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toward the open waters of Lake Huron. The Bay freezes in the winter and ice flows along the
deeper water west of the Coreyon Reef (Batchelder, 1973).

2.2 Aerial Deposition Area Associated with the Dow Plant

Sources of airborne matter from the plant include emissions from incinerators, open burning of
wastes, wind blown dust, and emissions from production units and power plants. The extent of
aerial deposition has not yet been fully characterized, but it extends approximately 3 miles from
the Dow plant in some places (CH2M Hill, 2005a). Current studies, such as the Midland Area
Soils Study (Dow Chemical, 2007b), are focused on residential, commercial, industrial, and
recreational/undeveloped properties surrounding the Midland plant (Dow Chemical, 2007Db).
These areas likely provide habitat for wildlife species, including songbirds and small mammals.
Further, the regional topography of the area indicates that surface waters within aerial deposition
areas generally drain toward the Tittabawassee River (Dow Chemical, 2007b). Storm water
runoff that passes through the aerial deposition area could carry contaminated sediment and thus
could serve as a pathway to TRSAA contamination.

2.3 Dow Midland Plant Property

The Dow Midland plant property covers approximately 1,900 acres. Within this area, there are
historical waste burial sites and multiple surface water impoundments, including brine and
treatment ponds (Figure 2.3). The historical waste burial sites have been identified as potential
sources of groundwater contamination (ATS, 2006a, 2006b), and may have been historical
sources of exposure to terrestrial biota.

In 1974, Dow constructed three tertiary wastewater treatment ponds (ATS, 2006b; Dow
Chemical, 2007b). These ponds, commonly referred to as “T-ponds,” are uncovered and have a
combined total surface area of approximately 200 acres with a capacity of 780,000,000 gallons
(MDEQ, 2006e) (Figure 2.3). Operation of the T-ponds has been regulated by Dow’s National
Pollutant Discharge Elimination System (NPDES) permit since 1988. The ponds collect
wastewater from the plant, and the water is filtered to remove particulates before being
discharged into the Tittabawassee River (Dow Chemical, 2007b). The T-ponds could fall within
the 100-year floodplain, but FEMA does not have floodplain data for the brine and T-ponds
complex geographical area (FEMA, 1995). However, the available FEMA data suggest that the
ponds fall within the 100-year floodplain. The ponds were inundated in at least one documented
flood, which occurred in 1986, and untreated or partially treated chemical wastes entered the
Tittabawassee River (MDCH, 2004b).
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Figure 2.3. Map showing the Dow Midland manufacturing plant property boundary,
tertiary treatment ponds, known historical waste burial sites, and parks near the Dow
plant (ATS, 2006b).
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Since the ponds are uncovered, aquatic birds can be attracted to their open waters. Terrestrial
wildlife in the area might also utilize the T-ponds for drinking water. The release of stored
wastes from the ponds during flooding events could also expose aquatic biota downstream of the
Dow plant to contaminants.

2.4 TRSAA Biota
2.4.1 Aquatic biota
Benthic macroinvertebrates

Benthic macroinvertebrates live on or near the river bottom and serve several ecological
functions, including degrading and digesting plant material and serving as prey for fish, birds,
and small mammals. They can also serve as indicators of pollution. Data from the 1970s and
1980s show that the Tittabawassee and Saginaw rivers were dominated by pollution-tolerant
invertebrates, such as aquatic worms (Limnodrilus spp.) and midges (Chironomus spp.; Zillich,
1972; Zillich et al., 1973; Sylvester, 1974; Gersich et al., 1985). For example, Zillich et al.
(1973) investigated substrate-dependent (i.e., hard structure-dependent and non-burrowing)
macroinvertebrate communities, and found that communities downstream of the Dow plant were
lower in diversity and density than those from sites upstream of the plant.

The mayfly Hexagenia limbata is a particularly important benthic invertebrate in the Great Lakes
region, as it is a major component of the fish forage base. Mayfly nymphs are normally common
in silt bottoms of large, clean streams and lakes throughout the region. Historically, this species
was abundant in the Tittabawassee and Saginaw rivers and their tributaries. In fact, Krieger
(1998) reports historical descriptions of mayflies covering buildings and darkening the skies.
This immense biomass of high quality prey likely supported the fisheries in the area. However,
as with other invertebrate species, the presence of the Dow plant seemed to detrimentally affect
this species. In 1971, mayflies (Hexagenia spp.) were present in samples collected from the Pine
and Cass rivers (tributaries to the Tittabawassee and Saginaw rivers, respectively), but not in the
Tittabawassee River downstream of Dow. Mayflies were also absent from samples taken from
the lower Tittabawassee River in the summer of 1974 (Sylvester, 1974). In 1985, very few
mayflies were collected in sediment grab samples taken near the Dow Midland plant instream
diffuser (Gersich et al., 1985); pollution tolerant oligochaetes and chironomids dominated the
samples.

The patterns observed in the Tittabawassee and Saginaw rivers were paralleled by changes in
Saginaw Bay. Again, the mayfly, H. limbata, was abundant in Saginaw Bay before the mid-
1950s. However, by 1955, only a few individuals were present in sediment samples, and by
1971, mayflies had entirely disappeared, likely because of poor water quality (Surber, 1955b;
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Batchelder, 1973). Mayflies were still rare in the Bay in 1994 (MDNR, 1994b). Degraded
environmental conditions in Saginaw Bay are further underscored by the disappearance of
crustacean and clam (e.g., Pisidium spp.) populations. These species were absent in the Bay in
1970; as with the Saginaw and Tittabawassee rivers, pollution tolerant aquatic worms and
midges dominated (Batchelder, 1973).

More recent benthic invertebrate surveys conducted in the TRSAA have shown that benthic and
aquatic invertebrates have increased in diversity since these earlier studies. In November 2003
and February 2004, Michigan State University researchers collected benthic and aquatic
emergent invertebrates from the Tittabawassee River and reference sites along the Chippewa and
Pine rivers. The study revealed that the highest diversity was found at the reference sites.
However, at least one or two members of pollution-sensitive taxa, including mayfly
(Ephemeroptera), stonefly (Plecoptera), and caddisfly (Trichoptera) taxa were found at each site
sampled below the Dow plant (Matthew Zwiernik, personal communication, March 20, 2008),
indicating that downstream sites are capable of supporting sensitive invertebrate species. Other
invertebrates found at downstream sites include mussels, snails, crayfish, dragonfly nymphs,
amphipods, aquatic beetles, and diptera midges (Matthew Zwiernik, personal communication,
March 20, 2008), most of which are relatively tolerant to pollution (Barbour et al., 1999).

Benthic aquatic invertebrate communities in the TRSAA have also changed following the
introduction and establishment of exotic species, most notably, after the introduction of zebra
mussels (Dreissena polymorpha) and quagga mussels (Dreissena rostriformis bugensis) in the
early to mid-1990s (USGS, 2006). In the Great Lakes, exotic mussels alter benthic invertebrate
communities (Botts and Patterson, 1996), accumulate and subsequently expose biota to
contaminants (Bruner et al., 1994), provide prey for important fish species (Cobb and Watzin,
2002), and out compete native bivalves (Haag et al., 1993).

Fish

Historical and recent surveys in the TRSAA indicate the presence of a variety of fish species,
including sizeable populations of carp (Cyprinus carpio), channel catfish (Ictalurus punctatus),
quillback (Carpiodes cyprinus), and freshwater drum (Aplodinotus grunniens). In addition,
moderate to heavy spawning runs of walleye® (Sander vitreus vitreus), white bass (Morone
chrysops), suckers (Catostomus spp.), and other species pass through the Saginaw River on their
way up to various tributaries (MDNR, 1994e).

1. Walleye egg and milt collected from spawning migrations of walleye in the Tittabawassee River have been
supplied to hatcheries that are used to stock waters across Michigan (Fielder and Thomas, 2006).
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The shallow waters of Saginaw Bay once provided outstanding habitat for a wide variety of fish
and were among the most productive waters in the Great Lakes (MDNR, 1994e). Although
human activities and invasive species have reduced this historic productivity and reduced the
abundance of certain species, the Bay is still attractive to a broad range of species. Its highly
diverse aquatic habitats provide spawning and nursery areas as well as food sources for larval
and adult fish. These waters support commercial fishing for yellow perch (Perca flavescens),
channel catfish, and carp and are also popular for recreational fishing and waterfowl hunting.
Attachment A contains additional information on fish and other species found in the vicinity of
Saginaw Bay and its tributaries, including the Tittabawassee and Saginaw rivers.

Populations of several important species have declined from historical levels, and the fish
community in the Bay is substantially different from the one that existed before 1900 (MDNR,
1994e). For example, lake herring (Coregonus artedi) were once an important part of the
commercial fishery in Saginaw Bay, but have nearly vanished. Lake trout (Salvelinus
namaycush) were also abundant in outer Saginaw Bay, but populations are now maintained
through stocking of hatchery-reared fish. Walleye were once naturally abundant in the region,
but pollution and over-fishing through the early 1900s, coupled with an influx of exotic species
like alewife (Alosa pseudoharengus) and rainbow smelt (Osmerus mordax), contributed to the
decline of walleye populations as early as the late 1940s. Decreases in fish productivity in the
Bay and associated tributaries may also have been caused, at least in part, by the shift in benthic
macroinvertebrate communities from pollution-intolerant/high-quality prey species to pollution-
tolerant/low-quality prey species.

Walleye populations have rebounded since the late 1940s, in part from efforts by the MDNR. In
the late 1970s, the MDNR began maintaining the walleye population through the plantings of
artificially propagated fish (MDNR, 2004). From these historic lows, the walleye fishery has
grown and developed into an important fishery. Currently, growth rates in Saginaw Bay are
135% of the state average, and the average walleye is 4-5 pounds (MDNR, 2004). Recent fish
surveys also suggest that about 80% of recent walleye year classes were the result of natural
reproduction (Fielder and Thomas, 2006). Improvements in the walleye fishery have been
principally attributed to the decline and near absence of adult alewives, which are believed to
prey upon, and compete with, newly hatched walleye fry. Ideal spring climate conditions are also
thought to have aided reproduction in 2003.

Birds

USFWS (2007b) composed a list of aquatic bird species found in the Shiawassee NWR. The list
contains 277 species, including 32 species of swans, geese, and ducks, 29 species of sandpipers,
and 14 species of gulls and terns, as well as bald eagle, five species of heron, and three egret

species. In addition, Saginaw Bay’s shallow marshes and sandy islands provide ideal habitat for
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waterfowl during annual migrations through the region, and many of the aquatic bird species
found in the NWR are also observed in the Bay (Peters, 2008).

2.4.2 TRSAA terrestrial and wetland biota

The Tittabawassee River, Saginaw River, and Saginaw Bay watersheds lie within the Huron/Erie
Lake Plains Ecoregion (U.S. EPA, 2002). That ecoregion is a broad, fertile, nearly flat plain
punctuated by relic sand dunes, beach ridges, and glacial end moraines. Before disturbance by
human activities, elm-ash swamp and beech-white pine upland forests dominated the area. Oak
savanna was typically restricted to sandy, well-drained dunes and beach ridges. Today, most of
the area has been cleared and artificially drained and contains highly productive farms. The bulk
of current land use in the Tittabawassee and Saginaw River subwatersheds is agriculture

(Table 2.1). Soybeans and grain corn were the dominant crops by acreage in 2002 (PSC, 2002).

Table 2.1. Summary of land use in the Saginaw Bay watershed

Land use Percent cover
Agriculture 46%
Forest 29%
Open lands 11%
Urban 8%
Wetlands 4%
Water 2%

Source: PSC, 2002.

The remaining forested areas within the Tittabawassee and Saginaw River watersheds occur in
patches, and are generally in a mid-successional stage. Using the Michigan Natural Features
Inventory Community Classification system, these areas are classified as mesic northern forest,
which is characterized by varying dominance of conifers and hardwoods and includes a defined
scrub-shrub layer and a diverse herb layer (Cohen, 2004). Attachment A lists plant species
common to mesic northern forests. The largest remaining single contiguous forest within the
Tittabawassee watershed is located in the Shiawassee NWR, consisting of approximately

3,500 acres (USFWS, 2001). The Shiawassee NWR is perhaps more similar to the region’s pre-
settlement conditions than any other location in the watershed.

Prior to human settlement, wetlands of the Great Lakes region included marshes, river prairies,
lowland hardwoods, and lowland conifer swamps (Albert, 1995). These areas were nourished by
seasonal flooding, which was common in both spring and autumn. The most extensive marshes
occurred along Saginaw Bay, which extended into water depths up to four to five feet, were one
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to two miles wide in places, and extended for miles up major rivers, including the Saginaw.
Shoreward of the marshes were extensive wet and wet-mesic prairies. While only about half of
the historical acreage of Saginaw Bay coastal marshes remains today, National Wetlands
Inventory maps suggest that several classes of wetlands occur within or near the Tittabawassee
and Saginaw River floodplains (USFWS, 2008b). These include emergent, forested, and scrub-
shrub wetlands. Figure 2.4 shows a typical riparian wetland community on the Tittabawassee
River.

Figure 2.4. Typical riparian wetland community on the Tittabawassee River floodplain in
the Shiawassee NWR. Picture taken by Douglas Beltman on May 29, 2007.
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Many public lands and parks are located within the Tittabawassee and Saginaw River
floodplains. These include Tittabawassee Park, Bayou Golf Club, Imerman Memorial Park, West
Michigan Park, Freeland Festival Park, and part of the Shiawassee NWR downstream of
Midland on the Tittabawassee River. Along the Saginaw River, public lands and parks include
Wickes Park, Ojibway Island Park, Hoyt Park, Potthoff Park, Roosevelt Park, Crow Island State
Game Area, and Veterans Memorial Park, as well as multiple public boat launch facilities (ATS,
2006b).

Wildlife species present within the TRSAA floodplain are typical of the remaining natural forest
and wetland communities (ATS, 2007). Resident upland game species include whitetail deer
(Odocoileus virginianus), ring-necked pheasant (Phasianus colchicus), and wild turkey
(Meleagris gallopavo). Common bird species include tree swallow (Tachycineta bicolor), eastern
bluebird (Sialia sialis), house wren (Troglodytes aedon), and wood duck (Aix sponsa). Common
reptiles and amphibians include green frog (Rana clamitans), northern leopard frog (Rana
pipiens), eastern garter snake (Thamnophis sirtalis sirtalis), and brown snake (Storeria dekayi).
Common small mammals include deer mouse (Peromyscus spp.), house mouse (Mus musculus),
meadow vole (Microtus pennsylvanicus), masked shrew (Sorex cinereus), eastern chipmunk
(Tamias striatus), and northern flying squirrel (Glaucomys sabrinus). Other common bird,
reptile, amphibian, and mammal species are listed in Attachment A.

2.4.3 Threatened and endangered species

There are seven plant and 23 animal species that have been found within Midland or Saginaw
counties and are listed as endangered, threatened, or animal species of special concern by the
State of Michigan (Table 2.2). Members of the last category are not afforded legal protection, but
many of these species are of concern because of declining or relict populations in the state
(MNFI, 2007). In addition, three species listed in Table 2.2 also fall under the federal
Endangered Species Act. The eastern prairie fringed orchid (Platanthera leucophaea) and the
Indiana bat (Myotis sodalis) are listed as a threatened species, and the eastern massasauga
rattlesnake (Sistrurus catenatus) has been identified as a candidate for federal protection.
Candidates are species that have been sufficiently studied and proposed for threatened or
endangered status. Although the bald eagle (Haliaeetus leucocephalus) is no longer listed as
threatened under the federal Endangered Species Act in Michigan, it is still protected by the
Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act (USFWS, 2008a).
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Table 2.2. State-listed threatened species, endangered species, or animal species
of special concern documented in Midland or Saginaw counties

Special
Common name/species Threatened Endangered concern

Eastern prairie fringed orchid (Platanthera leucophaea) X
Three-awned grass (Aristida longespica)

Weak stellate sedge (Carex seorsa)

Beak grass (Diarrhena americana)

Showy orchids (Galearis spectabilis)

Whorled pagonia (Isotria verticillata)

Hairy mountain-mint (Pycnanthemum pilosum)
Red-shouldered hawk (Buteo lineatus)
Common tern (Sterna hirundo)

King rail (Rallus elegans) X

Indiana bat (Myotis sodalis) X

Eastern massasauga rattlesnake (Sistrurus catenatus) X
Spotted turtle (Clemmys guttata) X
Blanding’s turtle (Emys blandingii)

Wood turtle (Glyptemys insculpta) X
Eastern fox snake (Pantherophis gloydi) X

Channel darter (Percina copelandi) X

River darter (Percina shumardi) X

Lake sturgeon (Acipenser fulvescens) X

X X X X X X X X

X

River redhorse (Moxostoma carinatum) X

Elktoe mussel (Alasmidonta marginata) X
Snuffbox mussel (Epioblasma triquetra) X

Ellipse mussel (Venustaconcha ellipsiformis) X

Source: MNFI, 2007.
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3. Hazardous Substances Released by Dow

This chapter presents a history of operations and waste management at or near the Dow plant
(Section 3.1), and a history of remedial activities, site characterization studies, and
environmental risk assessment activities at and near the plant (Section 3.2).

The Midland plant is Dow’s headquarters and has historically been their primary chemical
research facility and chemical manufacturing facility. As a consequence, Dow has released an
extremely wide range of hazardous substances, many in very large quantities, into the
environment for a period of over a century. Many of those releases occurred without careful
waste minimization or disposal, particularly before the 1980s. Therefore, past releases are
critically important to a complete and accurate assessment of natural resource damages, both to
address the era when hazardous substance releases and environmental concentrations were
greatest, and to address persistent toxins.

Hazardous substances released from the plant have been the focus of remedial activities within
the TRSAA and are the focus of this NRDA. Many of these substances are widely distributed in
sediments and soils in the assessment area, and may accumulate in biota. They may further be re-
released and transported as the sediments, soils, and biota move in the environment.

3.1 Operational History of the Dow Midland Plant

The Midland Chemical Company was founded in 1890 and became the Dow Chemical Company
in 1897. The primary product in the 1800s was bleach, which is a chlorine product also known as
chloride of lime or calcium hypochlorite. Dow used an electrolytic process that generated
chlorine from brine, and bleach was Dow’s dominant product until its production stopped in
1914. Dow continued to produce other chlorine-based products, including chlorine gases, caustic
soda, liquid chlorine, chlorinated phenols, chlorobenzenes, agricultural products, plastics,
synthetic rubber, and STYROFOAM™. Production methods changed over time, but electrolytic
processes using carbon electrodes were used at the plant until the 1980s, and likely produced
significant amounts of the dioxins and furans that were released to the TRSAA.

1. The term “dioxin” refers to a group of chemicals called “polychlorinated dibenzodioxins.” These chemicals
consist of two benzene rings linked by two oxygen atoms, with between 1 and 8 chlorine atoms attached at
different locations on the benzene rings.

The term “furans” refers to “polychlorinated dibenzofurans,” which are similar to dioxins, except that they
have a slightly different aromatic cyclic structure. Dioxins and furans are toxic at extremely low (cont.)
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Tables B.1 through B.5 in Attachment B list chemicals that were produced by Dow before World
War | (WWI), during WWI, between the World Wars, during World War 11 (WWI1), and after
WWII, respectively. These tables expand upon the tables on pages 3-46 through 3-48 of the
remedial investigation work plan (RIWP; ATS, 2006b). This list may be further expanded as
investigations of the history of the Dow plant continue. For example, it may be expanded based
on the primary constituents of interest (PCOI) list.? The list includes hundreds of chemicals
associated with Dow’s present and historical production processes, many of which are also listed
hazardous substances. Attachment C lists chemicals on the PCOI list that are hazardous
substances.

A general summary of chemical production at Dow’s Midland plant over the last century
follows.

» WWI, WWII, and intra-war years. Dow was a major producer of war-related products,
including mustard gas, monochlorobenzene, carbon tetrachloride, plastics, magnesium
metals, phenols, and other chemicals (Karpiuk, 1984; Brandt, 1997). Between WWI and
WWII, Dow expanded the range of products produced, and began to produce a
significant volume of plastics, including ethyl cellulose (Dow’s first plastic), Thiokol
synthetic rubber, polystyrene, and vinyl chloride for a variety of applications (Brandt,
1997). Saran™ was developed just prior to WWII and used as a war product, and was
adapted for commercial sale as their first direct consumer product in the early 1950s
(Brandt, 1997). Dow also began production of herbicides, pesticides, and fungicides,
including 2,4-dichlorophenoxyacetic acid (2,4-D) in the 1930s, and continued production
into the 1980s. Production of chlorinated phenols also began in the 1930s; were produced
as intermediaries to many products, including herbicides and pesticides. By the end of
1949, Dow’s Midland plant was producing more than half of the phenols (including
chlorinated phenols) in the United States.

(cont.) concentrations, and accumulate in biota and humans. In animals, they can cause weight loss,
hepatotoxicity, porphyria, dermal toxicity, gastric lesions, thymus atrophy and immunotoxicity, teratogenicity,
reproductive effects, carcinogenicity, and death (IPCS, 1989). In humans, exposure can lead to skin lesions;
altered liver function; impairment of the immune system, nervous system, endocrine system, and reproductive
functions; and death (WHO, 2007).

2. In June 2006, Dow submitted a list to MDEQ that contained over 800 chemicals that were either produced
or used throughout the history of the plant. ATS and MDEQ reviewed the listed chemicals for the likelihood to
persist in the environment, and categorized them. This process is described in Appendix G of the RIWP (ATS,
2006b). The PCOI list currently contains target volatile organics, semi-volatile organics, dioxins, furans,
PCBs, phenols, chlorinated pesticides, chlorinated hydrocarbons, organophosphorus compounds, chlorinated
herbicides, and metals.
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4 1950s. Dow continued to produce older lines of products while expanding into newer
product lines, including plastics and agricultural chemicals. Major new products of the
1950s included various herbicides, soil fumigants, latexes, acrylic acid, acrylamide,
ethanolamines, and phenolics. By the end of the 1950s, plastics made up 35% of Dow’s
total sales, and other specific chemical offerings made up 53% (Brandt, 1997).

» 1960s. Dow continued to expand capacity and the number and range of products
manufactured at the Midland plant in the 1960s. Two new plants were added in the late
1960s: a trichlorophenol plant and a chlor-alkali plant. In 1969, Dow introduced Ziploc
bags as a consumer product (Dow Chemical, 2007c).

» 1970s. Production levels were maintained or expanded (particularly agricultural products)
during the 1970s. Dow began full-scale production of chlorpyrifos insecticides
(Dursban™ and Lorshan™; household and agricultural markets, respectively) and
opened a new 2,4-D herbicide plant. Additionally, Dow began manufacturing 2-chloro-N-
isopropylacetanilide, the chlorine/caustic soda facilities were modernized, and the
chlorinated benzene facilities were replaced and expanded to increase production
efficiency (ATS, 2006b).

4 1980s and 1990s. Dow reduced onsite production, capacity, and range, moving major
production facilities off the Midland plant site. In October 1980, the Midland
pentachlorophenol manufacturing facility was closed. During the mid-1980s, the chlorine
and caustic soda facilities were shut down and Dow left the brine and magnesium
businesses. Dow added household product lines during this period, including expansion
of the Saran™, Handi-Wrap™, and Scrubbing Bubbles® lines and the introduction of
Drytech™, an absorbent in diapers. Additionally, Dow introduced a new pharmaceutical
product, the antihistamine Seldane™ (ATS, 2006b).

The Midland plant remains active and is Dow’s corporate headquarters as well as an important
research and development center for the company. However, the Midland plant is no longer
Dow’s primary chemical production plant.

Several dozen of the hazardous substances either used or produced at the Dow plant have been
identified in the TRSAA, including metals, such as arsenic, lead, cadmium, and mercury, and
organic chemicals, such as chlorobenzenes, organophosphorous compounds, phthalates,
chlorostyrenes, chlorinated phenols, dioxins, and furans (ATS, 2007). Dioxins and furans, in
particular, are extremely elevated (compared to toxic thresholds) in and along the Tittabawassee
River and have been a primary focus of Dow’s hazardous waste license, agency cleanup actions,
and private party law suits. Hence, processes at the Dow plant that produced dioxins and furans
are summarized below. It is anticipated that, as the assessment proceeds, Dow plant processes
that used or produced other hazardous substances will also be investigated.
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3.1.1 Early sources of dioxins and furans: electrolytic production of chlorine using
carbon electrodes

The RIWP (ATS, 2006b) documents that chlorine electrolysis methods of the late 1800s and
early 1900s likely produced dioxins and furans, which were released directly into the
environment. Dioxins and furans likely formed from the carbon of the electrodes in the presence
of the chloride-rich brine water and oxygen, with their formation driven by the applied electrical
currents. They were then likely released to the environment as the wooden troughs and carbon
electrodes deteriorated and became part of the production waste stream. Until the 1920s, all such
production waste was discharged directly to the Tittabawassee River without treatment. Dow has
reported that a significant proportion of the dioxins and furans found in the soils of the TRSAA
are associated with a cellulosic layer that probably originated from the carbon electrodes and
wooden troughs that captured chlorine gas (ATS, 2006b), though elevated levels of dioxins and
furans have also been identified in samples that do not contain cellulosic material (ATS, 2007).

History of electrolysis techniques to produce chlorine. The first commercial-scale electrolytic
chlorine production by Dow used chlorine electrolytic cells composed of a row of 6-inch carbon
electrodes on a 16-inch board with a series of holes drilled for carbon electrodes (half of each
carbon electrode on either side of the board; Karpiuk, 1984). The carbon anode ends were
covered with an inverted wood trough that collected the chlorine gas, which was produced from
oxidized chloride in the circulated brine when current was applied. At the cathode, brine water
was reduced to hydrogen gas and hydroxide. The chlorine troughs were set in a large, shallow
tank that was approximately 16 feet wide. The chlorine collected from the traps was transported
through rubber tubing and was dried by passing over scrap zinc prior to mixing with lime to form
bleach powder (Karpiuk, 1984; Stock and Orna, 1989).

In 1899, Dow began to soak the carbon electrodes in molten paraffin (135°F melting point) to
prevent continuing explosions. Dow scientists theorized that the explosions were caused because
hydrogen gas, produced at the cathode, was able to diffuse through the porous electrodes and
mix with the chlorine gas formed at the anode (Karpiuk, 1984). By impregnating the electrodes
with paraffin wax, these pores were plugged (Karpiuk, 1984). Also during this time, anecdotal
accounts indicate that the tarred pine boards housing the carbon electrodes became spongy with
exposure to corrosive chemicals and were routinely replaced to improve efficiency.

In the early 1900s, Dow expanded the chlorine electrolytic operation by housing the electrolytic

cells in nine 40-foot by 90-foot “cell houses” and adding a 40-foot wide by 368-foot long slaked
lime absorber (Karpiuk, 1984). Still in the early 1900s, the plant was further expanded to include
2 million carbon rods in 26,000 traps.
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In 1913, Dow began constructing a new electrolytic process that employed vertical filter-press
cells housed in concrete frames with electrodes of steel (cathode) and graphite (anode). Each
filter-press series had 75 cells and were used through the 1980s (Stock and Orna, 1989). In the
1980s, Dow began using nickel cathodes with activated metal coatings (Stock and Orna, 1989).

Amount of chlorine produced. During WWI, Dow manufactured 30 million pounds of chlorine
(Brandt, 1997). Additionally, they produced 1 million pounds of chlorine for chloroform,

10 million pounds of carbon tetrachloride, and 2 million pounds of monochlorobenzene (Brandt,
1997). By the end of the 1930s, Dow was the largest domestic producer of chlorine, which was
used primarily in manufacturing Dow products (ATS, 2006Db).

3.1.2 Later sources of dioxins and furans: electrolytic production of chlorophenols

Chlorinated phenol production began in the mid-1930s. Chlorinated phenols were produced for a
variety of end purposes, including direct use as fungicides, bactericides, and polystyrene
production, which was produced commercially beginning in 1938. Dioxins and furans are known
to be an unintentional byproduct of electrolytic production of chlorophenols (ATS, 2006b).

During the 1970s, Dow began larger-scale production of chlorophenoxy herbicides with the
opening of a new 2,4-D herbicide plant. It is well documented that dioxins and furans were
unintentionally produced as impurities to many chlorophenoxy herbicides, including 2,4-D. The
improper disposal and heavy use of chlorophenoxy herbicide wastes have been recognized as
major sources of environmental dioxin pollution in the United States (IPCS, 1989). It is reported
in Appendix F of the RIWP (ATS, 2006b) that Dow discontinued production of 2,4-D
chlorophenoxy herbicides by 1985.

While general waste management practices at the Dow plant are described in the RIWP (ATS,
2006b), it is not specified how the wastes from chlorinated phenol production were managed.
Furthermore, the discharge of suspended solids into the Tittabawassee River likely continued to
be significant until the construction of the tertiary treatment ponds in 1974, and during high-
water events that flooded the ponds after their construction (ATS, 2006b). Hence, it is possible
that significant amounts of dioxins and furans continued to be released into the Tittabawassee
River well into the 1970s and 1980s.

3.1.3 Dioxins and furans produced by incineration practices

The incomplete combustion of liquid tars released dioxins and furans. In the past, Dow used
incinerators that did not burn waste and other waste streams at a high enough temperature to
eliminate dioxins and furans, and they did not capture particulates or scrub gas emissions. This
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was likely a significant source of atmospheric deposition of dioxins and furans, which were then
distributed through the atmosphere to soils and water (ATS, 2006b).

3.1.4 Dow waste management history

Historical waste management practices allowed large releases of hazardous substances, both
those manufactured as products and those that were produced as waste.

Early waste management (brine related production, 1890-1918)

There was no treatment of wastewaters at the Midland Chemical Company and the Dow
Chemical Company from 1890 until the 1920s. All wastes were discharged directly into the
Tittabawassee River. Prior to 1948, solid waste was buried onsite or stockpiled for open air
burning. The Tittabawassee River floods regularly and significantly, and floods often inundated
the Midland plant causing stored brine, wastewater, and solid waste to discharge into the river.
For example, a newspaper article from 1912, recounted in a Midland Daily News article of 1950,
recounts a significant flood in Midland during which the lower half of the Dow plant was
inundated with water; buildings on that part of the property were under 15- to 20-feet of water,
and any stored waste in the area was immersed and discharged to the river (Midland Daily News,
1950).

Deposition of ash from the air was probably a major source of dioxin and furan contamination of
soils in and around Midland throughout most of the history of the Midland plant. Early air
emissions came from burning stockpiled solid waste in the open air (ATS, 2006b).

WWI waste management (war-time products and post-bleach manufacturing)

During the WWI manufacturing years, all waste was still discharged directly into the
Tittabawassee River without treatment, solid waste was buried onsite or burned in the open air,
and waste process gases were vented directly to the atmosphere.

Intra-war years waste management

In 1920, Dow created a network of collection ditches, pipelines, and pumps that directed
wastewater to storage ponds. During high-flow periods in the Tittabawassee River, wastewater
was discharged from the ponds into the river. Sludge was stored in a 64-acre pond. Organic
wastes (defined by odor) were stored in long-term retention ponds. Acid waste was stored in a
109-acre pond during cold months and released to the Tittabawassee River during warm months,
based on temperature and stream condition. Clear-water wastes (e.g., condenser and cooling
waters) were discharged into the river. In the 1930s, two storage ponds were added, increasing
the effective storage capacity by two years at contemporary waste brine production rates.
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Periodically, the discharge was measured for sodium chloride concentrations and phenol content.
During this time, leaching from waste impoundments likely discharged into the groundwater and
the river (ATS, 2006b).

Also in the 1930s, Dow constructed a WWTP with trickling filters, which was secondary to the
storage ponds constructed in the 1920s (Michigan Stream Control Commission, 1937), to treat
phenolic wastes. Dow also began using tar burners to incinerate liquid organic tars during this
period. Solid waste was still disposed of by onsite burial at the Midland plant during the intra-
war years (ATS, 2006b).

WWII waste management

A 1937 report about water quality in Saginaw Bay and in the Saginaw Valley identified the
major sources of pollution in the Tittabawassee and Saginaw rivers as oil waste, chemical plant
wastes, chemical process wastes, sugar beet plant wastes (seasonal pollution), oil production
wastes from refining and transportation, and sewage and municipal waste from the principal
cities (Michigan Stream Control Commission, 1937). Commercial fishing in the region was
affected by river pollution that caused taste and odor problems (Michigan Stream Control
Commission, 1937). At this time, Dow began making efforts to reduce their discharges and
changed their waste routing practices in order to reduce the volume of waste discharged into the
river, which improved water quality of the Tittabawassee River and Saginaw River and Bay
(Michigan Stream Control Commission, 1937).

Dow’s primary wastes in 1937 were sludge disposal waste, organic system waste, acid waste,
and clear-water waste. The sludge disposal waste was discharged from a sludge pond (64 acres,
3-feet deep) and consisted of wastewater with suspended matter. The effluent was clear and
contained chlorine concentration (as sodium chloride) of approximately 1,800 parts per million
(ppm). Phenol discharge was reduced from 450 pounds per day to 100 pounds per day. The
organic system wastes were a mixture of organic wastes that reached a neutral pH after some
time in holding ponds. The estimated volume of organic wastes was 260,000 cubic feet per day
with an average chlorine concentration of 1,000 ppm (as sodium chloride). The acid wastes were
a mix of concentrated phenolic and aromatic compound wastes that were treated in 109 acres of
ponds. Clear-water wastes consisted of condenser and cooling waters, which were discharged at
an average rate of 8,600,000 cubic feet per day. Dow attempted to keep the chlorine
concentration in clear-water wastes below 500 ppm (as sodium chloride) (Michigan Stream
Control Commission, 1937).

In 1945, the WWTP was upgraded to include preliminary and activated sludge treatments, as
well as final clarification. The WWTP treated process and sanitary wastewaters of the plant.
Other wastewaters were not directed to the WWTP during this period.
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Post-WWI1 to present waste management practices

After WWII, waste management practices were significantly and continually upgraded. By 1947,
Dow spent $2 million to improve the waste disposal system and planned to spend between
$430,000 and $500,000 to complete it (Stoll, 1947). Beginning in 1948, solid waste was
incinerated in a rotary kiln from which exhaust gas and particulates were vented directly into the
atmosphere. Incinerated materials included rubbish, solid waste, packs, and liquid tars. During
the incineration process, various liquids were sprayed into the front of the kiln. Ash was buried
onsite (ATS, 2006b).

In the 1970s and 1980s, improvements to the WWTP included construction of tertiary treatment
ponds (1974) and construction of mixed media sand filters to remove particulate matter after
tertiary treatment and before discharge into the Tittabawassee River (1985). In 1988, operation
of the tertiary treatment ponds was regulated through Dow’s NPDES permit. Historically, only
flows from the process areas and sanitary waste waters were diverted to the WWTP; however, in
the 1970s and 1980s additional flows were directed to the WWTP, including waste scrubber
water, rotary kiln incinerator and tar burner ash dewatering, cooling tower blowdown, non-
contact cooling water, water softener backwash, tank car washings, surface water runoff, and
leachate from the Salzburg landfill. Currently, sanitary and lab sink waste and plant wastes from
the Midland Cogeneration Venture are diverted to the Midland municipal WWTP (ATS, 2006b).

Construction of the revetment groundwater interceptor system (RGIS) began in the late 1970s,
with periodic upgrades and expansions through to the present. The RGIS system captures
groundwater at the Dow Midland plant before it enters the Tittabawassee River and redirects it
back to the WWTP (McDowell and Associates, 1984). One major documented failure in 1990
led to the release of an estimated 900,000 gallons of potentially contaminated groundwater into
the Tittabawassee River (MDNR, 1990d), and a consent decree between Dow and MDEQ in
1991. Significant failures also occurred in 1994 and 1995. A resulting consent order required
Dow to pay approximately $900,000 in fines and penalties, and to replace parts of the RGIS
system over the subsequent 10 years.

WWTP effluent is currently discharged to the Tittabawassee River via one main outfall, one
emergency backup outfall, and several storm water outfalls. Historically, there were up to
11 outfalls from the Midland plant into the Tittabawassee River. In 1984, Dow’s wastewater
discharge was reduced from 35.4 million gallons per day (MGD) to 20 MGD. The discharge
continued to be reduced throughout the 1980s and 1990s through improved recovery,
reclamation, and facilities construction.

In the early 1980s, Dow stopped using deep disposal wells for phenolic waste. An investigation
of historical deep-well disposal, limited to wells located on the Dow plant property, is being
conducted as a part of MDEQ’s On-Site Corrective Action Program (ATS, 2006b). The wells
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discharged into the Sylvania and Dundee formations; therefore, deep groundwater sources may
be contaminated. Numerous additional sources of groundwater contamination are reported in the
RIWP (ATS, 2006b), including historic solid waste burial sites, the T-ponds, spent brine ponds,
and the clay pits used for sludge dewatering (see Figure 4-1 of the RIWP).

Air emissions have also undergone significant improvements in the post-WWiII era. In 1958, a
new dual-rotary kiln system was constructed, replacing the previous rotary kiln. The new kiln
system was used to burn paper and wood trash, chemical waste, chemically contaminated waste
equipment, and a variety of liquid wastes. Waste was burned at temperatures between 500 and
900°C. In 1970, a secondary afterburner, using natural gas as a supplemental fuel, was added to
reduce stack particulate emissions. In 1978, research indicated that waste needed to be burned at
temperatures greater than 1,000°C in order to completely destroy dioxins and furans. Natural gas
was added to the afterburner to increase the incineration temperature. In 1984, the operating
temperature of the afterburner was increased to 1,000-1,100°C. With these improvements, the
kiln destroyed half of the dioxins and furans and the exhaust scrubber equipment captured 95%
of the remaining dioxins and furans. Further improvements throughout the 1980s led to more
efficient incineration, reduced dioxin and furan formation, and reduced particulate emissions,
resulting in permits for 99.99 to 99.999% efficiency.

In 2003, a new kiln began operating. The old incinerators were closed down due to requirements
under RCRA. Dow reduced the capacity by improving their recycling processes and, by 2003,
met maximum achievable control technology standards. Between 1995 and 2006, Dow reduced
its dioxin and furan emissions by approximately 95% (ATS, 2006b).

3.2 Response Actions and Risk Assessments in the TRSAA

This section describes remedial and interim response actions, RI activities, removal actions, and
risk assessments that have occurred and/or are underway in the TRSAA.

3.2.1 Historical remedial actions (1980s-1990s)

Many of the early actions that occurred at the site were ordered by the State in two separate
“final order of abatement” orders. The first order was issued to Dow in 1984 (MDNR, 1984b).
The order was based on the findings of studies (Dow Chemical, 1984; U.S. EPA, 1985a;
Amendola and Barna, 1986), that the State used to determine that Dow was unlawfully
discharging “injurious substances into waters of the State.” The order set effluent limitations for
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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).® When drafted, these effluent limitations were not
achievable by Dow which led to a complex settlement between Dow and the State, the details of
which are briefly summarized in the Preassessment Screen and Determination (USFWS, 2006).
In addition to interim and final effluent limitations, the 1984 order established a dioxin
minimization program for wastewater and waste incineration systems. Dow was required to
identify major sources and report findings on how to reduce the discharge of TCDD using best
available and economically achievable control technology. Based on the findings of this study,
Dow was required to submit a remedial action plan to reduce the discharge of TCDD. The key
remedial actions taken are described in Table 3.1, including the RGIS and later actions.

Table 3.1. Summary of historic remedial actions, interim response actions (IRAs), and
CERCLA removal actions conducted in the TRSAA

Date Actions Reference
Historic remedial actions
1984 Final order of abatement: Dow Chemical, Midland, Michigan MDNR, 1984b

» Established a dioxin minimization program for wastewater and waste
incineration systems

1979 to Installation of a riverbank RGIS, Dow Facilities, Midland, Michigan McDowell and
present » Intercepts contaminated groundwater originating on-site from entering  Associates, 1984;
the Tittabawassee River U.S. EPA, 1988b
» Continual modifications and expansions from 1994 to present
1985 WWTP upgrade U.S. EPA, 1988b
» Installed a filtration system for the entire discharge to the Tittabawassee
River
1986 Implemented a plant-wide dust suppression program U.S. EPA, 1988b

» Paving or planting grasses over sand and gravel areas
» Spraying and sweeping for non paved and paved roads

1986 Capped on-site soil and limited access to areas with high levels of soil U.S. EPA, 1988b
contamination
1986 to Wastewater conveyance system upgrades U.S. EPA, 1988b
1987 » Replaced open ditches with enclosed sewers
» Isolated highly contaminated areas from the plant wastewater treatment
system
1987 Provided preliminary treatment of incinerator scrubber water prior to U.S. EPA, 1988a

commingling with other process wastewaters

3. TCDD is one particular congener of dioxin containing four chlorine atoms. TCDD is the most toxic form of
dioxin, at least for many well-studied biological endpoints.
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Table 3.1. Summary of historic remedial actions, interim response actions (IRAs), and
CERCLA removal actions conducted in the TRSAA (cont.)

Date Actions Reference
Historic remedial actions (cont.)
1988 Final order of abatement: Dow Chemical, Midland, Michigan MDNR, 1988b

» Required Tittabawassee River native fish monitoring

» End-of-pipe control measures: A feasibility study on three or more
technologies for reducing TCDD discharge

»  Submit an analysis of tertiary pond sediments; TCDD concentrations,
total volume, and resuspended sediment analyses

» Incinerator wastewater pretreatment system performance
characterization

Started in  Tertiary pond solids removal project MDEQ, 1998;
August » Management decision to remove contaminated tertiary treatment pond Michiggn
1996 sediments Newswire, 2003

» Solids were dredged from the ponds, pumped to a dewatering/drying
system, and incinerated

April 2002 Consent order to settle reimbursement of costs and penalties that occurred as Michigan
result of incinerator violations and mishandling of the T-Pond solids at the ~ Newswire, 2003
Midland facility

IRAS

June 2003 IRAs to address risk communication MDEQ, 2003a;
to present  »  Set up and maintain seven community information centers Dow Chemical,
» Prepare and distribute public information materials describing what 2007b
dioxins and furans are and how to limit their exposure
» Set up a Public Participation Plan to organize activities to inform
residents of the corrective action process

June 2003 IRAs to address exposure to dioxins and furans in soil Dow Chemical,
topresent » |dentify and implement mitigation options to limit or prevent land owner 2007b
exposure to contaminants
» Mitigation measures included covering exposed soils, house cleaning,
and monitoring, maintenance, and restoration of mitigated areas

2003-2004 Imerman Park IRAs to reduce public exposure to surface soils and address ~ Dow Chemical,
erosion along the river bank 2003c

Stabilize riverbank near the pavilion and floating dock to prevent erosion
Covering walking trails with wood chips

Revegetation in areas with bare soil

Graveled boat ramp

Fertilize grassy areas to promote good spring growth

Continued hand washing station service

Power washing of affected hard surfaces

v v vV v v v Vv
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Table 3.1. Summary of historic remedial actions, interim response actions (IRAs), and
CERCLA removal actions conducted in the TRSAA (cont.)

Date

Actions Reference

IRAs (cont.)

2003-2004 Freeland Festival Park IRAs to reduce public exposure to surface soils within Dow Chemical,

the floodplain 2003b
» Installation of a stone wall along the riverbank to limit access to the river

» Construction of a two tier deck to allow boat and canoe access while
minimizing contact with river sediments

» New topsoil and appropriate ground cover vegetation in select areas to
improve ground cover and eliminate exposed soil

» Continued hand washing station service
» Power washing of affected hard surfaces

Leonard Boers Il boat launch prevention measures for potential track out of Dow Chemical,
flood deposited sediments 2003a

» New topsoil and seeding in ¥ acre corner of boat launch parking lot
» Graveled boat ramp

»  Sediment and silt removal and off-site disposal

» Power washing of affected roadways

West Michigan Park IRAs to reduce public exposure to surface soils within ~ Dow Chemical,
the floodplain 2003d

» Boat launch bank erosion control and exposed soil coverage
» Fertilize grassy areas to promote good spring growth

» Removed and replaced sand under children’s play areas

» Continued hand washing station service

Removal actions

July 2007  Administrative order on consent for immediate removal of Tittabawassee U.S. EPA, 2007b
River Reach D sediments

August Administrative order on consent for immediate removal of Tittabawassee U.S. EPA, 2007c

2007 River Reach J-K sediments

August Administrative order on consent for immediate removal of Tittabawassee U.S. EPA, 2007d

2007 River Reach O sediments

November Administrative order on consent for immediate removal of Saginaw River U.S. EPA, 2007e

2007 Wickes Park sediments
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In 1988 a second “final order of abatement” was issued (MDNR, 1988b). Similar to the 1984
order, effluent limitations and monitoring requirements were established in addition to new
remedial actions.

In the mid-1990s, Dow’s T-ponds were the subject of civil and criminal law suits stemming from
NPDES violations for phosphorus, 2,4-D, and 2,4,6-trichlorophenol (Gold, 1998). As a result of
a 1996 court-ordered consent decree, Dow began to remove historically accumulated solids from
its tertiary treatment ponds. They installed a filter press and a dryer to handle waste solids from
its secondary clarifiers, and they installed a trace organics removal system at the site.
Mismanagement of these activities resulted in a consent order in 1998 to address illegal releases
of hazardous waste from the T-Pond solids removal project. A consent order in 2002 required
Dow to pay penalties and costs associated with the solids removal project and improperly stored
wastes. A criminal case against a Dow subcontractor involved in the solids removal project was
dismissed after the company agreed to settle the case with the State for approximately $500,000
(MDEQ), 2003d).

With issuance of MDEQ’s 2003 “Hazardous Waste Management Facility Operating License”
(License), Dow is required to implement corrective actions for all releases of a contaminant from
any waste management unit(s) at the facility and beyond the facility boundary if that release has
or may have migrated or has or may have been emitted, beyond the facility boundary* (MDEQ,
2004a, 2006e, Conditions X1.A.1 and XI.B.1). Also pursuant to the License, IRAs have included
exposure controls at a number of public and private properties in the Tittabawassee River
floodplain and educational outreach to potentially exposed residents. Table 3.1 summarizes
remedial actions, IRAs, and CERCLA removal actions conducted in the TRSAA.

As a part of this process, the License requires the preparation of “Remedial Investigation
Workplans” for areas affected by contaminant release(s), including Midland area soils, the
Tittabawassee River and floodplain, the Saginaw River and floodplain, and Saginaw Bay. Rls are
conducted to collect information on the nature and extent of the contamination. Dow’s 2003
License specifically states the minimum requirements and submittal timeframe for RI reports
(Conditions XI.F.1 through XI.F.7 in MDEQ), 2006e¢). Table 3.2 summarizes relevant documents
that have been reviewed by MDEQ as part of the RI and corrective action process.

4. While dioxins and furans have been the main focus of past remedial and IRAs, recent sampling efforts in the
TRSAA have identified dozens of additional contaminants (ATS, 2007).
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Table 3.2. Summary of Dow’s remedial investigation site characterization documents

Document (date) Document title and description

Status

Dow Chemical, Midland Area Soils Remedial Investigation Work Plan
2005a

Notice of deficiency dated
4/13/2006 (MDEQ, 2006d)

(12/29/2005)
Dow Chemical, Tittabawassee River and Floodplain Remedial Notice of deficiency dated
2005b Investigation Work Plan (Final Report) 3/2/2006 (MDEQ, 2006c¢)
(12/29/2005)
ENTRIX, 2006b Revised Draft Screening Level Ecological Risk Document currently under
(1/2006) Assessment Work Plan for the Tittabawassee River and MDEQ review, but work has
Associated Floodplains started
» Provides the framework for conducting a Screening
Level Ecological Risk Assessments (SLERA)
» Identifies how other contaminants of potential
ecological concern than dioxins and furans in the
Tittabawassee River sediments and floodplain soils will
be identified
ENTRIX, 2006a Revised Draft Baseline Ecological Risk Assessment Work  Document currently under
(1/2006) Plan for Polychlorinated Dibenzo-p-Dioxins (PCDDs) and  MDEQ review, but work has

Dibenzofurans (PCDFs) in the Tittabawassee River and

Associated Floodplains

»  Work plan to conduct a baseline ecological risk
assessment (BERA)

» Evaluation of evidence and data that are needed to
evaluate risks to ecological receptors

started

Dow Chemical, Sampling and Analysis Plan in Support of Bioavailability
2006 (7/2006) Study, Midland Area Soils
» Describes methods for characterizing the distribution of
physical and chemical parameters in soils in the vicinity
of the Dow plant

Document currently under
MDEQ review

ATS, 2006a GeoMorph® Sampling and Analysis Plan: Upper
(7/712006) Tittabawassee River Midland Michigan
»  Documents how the GeoMorph® approach will address
investigation of contaminated sediments in the upper
Tittabawassee River (UTR)

Approved by MDEQ on
7/12/2006 (MDEQ), 2006b)

ENVIRON, Sediment Trap Sampling and Analysis Plans
2006a, 2006b » Pilot studies investigating the use of sediment traps to
(10/16/2006) capture and remove sediments and associated dioxin and

furans in the Saginaw River

» Study 1 — Characterization of Sediments in the Ojibway
Turning Basin; Study 2 — Sediment Trap Performance
and Feasibility Study at Sixth Street Turning Basin

Documents currently under
MDEQ review
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Table 3.2. Summary of Dow’s remedial investigation site characterization
documents (cont.)

Document (date)

Document title and description

Status

Dow Chemical, Midland Area Soils Remedial Investigation: Work Plan Partial approval with
2005a »  Defines the approach and sequence of activities to compliance schedule
(12/29/2005) streamline the corrective action process by modification by MDEQ on
controlling risks to human health and the 712412007 (MDEQ), 2007a);
environment from exposure to contaminated soils revised work plan (Dow
»  Phased, results-based approach Chemical, 2007b)
ATS, 2006b Remedial Investigation Work Plan: Tittabawassee River Partial approval with
(12/1/2006) and Upper Saginaw River and Floodplain Soils — compliance schedule
Volumes 1 and 2 modification by MDEQ on
»  Describes work to be performed in offsite areas 7/24/2007 (MDEQ), 2007a)
identified under Conditions X.1.B.2 and XI.B.6 of the
operating license, which require corrective action
» Describes the IRA/Pilot Corrective Action Plan
Decision Tree Process for the implementation of IRA
Pilot Corrective Action Plans during the RI process
ATS, 2006¢ Upper Tittabawassee River Reach O Plan and Pilot MDEQ documented the
(12/20/2006) Corrective Action Plan® events that led to the
»  Outlines the objectives, approach, and schedule discovery of the highly
for a focused Pilot Corrective Action Plan contaminated sediments,
» Developed in response to finding very high levels regulatory authority, and
of dioxin and furan concentrations in UTR sediments  Scheduling requirements
(MDEQ, 2006f)
ATS, 2007 GeoMorph® Pilot Site Characterization Report — Upper Approval to use GeoMorph®
(2/1/2007) Tittabawassee River and Floodplain Soils, Midland, process for Middle and
Michigan Lower Tittabawassee
»  Report summarizes sediment contamination in River/Upper Saginaw River
river channels and floodplains of the upper 6.4 miles of ~Site characterization on
Tittabawassee River downstream of the confluence with 5/3/2007 (MDEQ, 2007c)
the Chippewa River
ENVIRON, Remedial Investigation Scope of Work for the Saginaw Notice of Deficiency on
2007b River and Saginaw Bay, Michigan 8/29/2007 (MDEQ, 2007d)
(7/13/2007)
ENVIRON, Revised Remedial Investigation Scope of Work for the Approved with
2007c Saginaw River and Saginaw Bay, Michigan modifications on 2/1/2008
(10/15/2007) (MDEQ, 2008)
ENVIRON, Draft Current Conditions Report for the Saginaw River, Document currently under
2007a Floodplain, and Bay MDEQ review
(9/14/2007) »  Summarizes environmental information for Saginaw

River and Bay and associated 100-year floodplain
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Table 3.2. Summary of Dow’s remedial investigation site characterization
documents (cont.)

Document (date) Document title and description Status

Dow Chemical, Direct Contact Criteria Report: Midland Area Soils, State review found that the

2007a Midland, Michigan report is incomplete,

(10/15/2007) » Report to investigate a site-specific residential soil deficient, and contains
direct contact criterion for TCDD substantial inaccuracies

» Part of the Human Health Risk Assessment for Midland (MDEQ, 2007b)

Area Soils
a. The Upper Tittabawassee River Reach O Plan and Pilot Corrective Action Plan (ATS, 2006¢) was
superseded by EPA Region 5 CERCLA administrative order on consent for immediate removal of highly
contaminated sediments.

3.2.2 Removal actions

In addition to the interim remedial actions, Dow has conducted removal actions downstream of
its Midland plant (Table 3.1). These actions were initiated with the discovery of extremely high
concentrations of dioxins and furans at locations downstream of the Dow plant, including a
measured concentration of 87,000 parts per trillion (pptr) toxicity equivalents (TEQ)® within a
buried in-channel sediment deposit in Tittabawassee River Reach O, and high concentrations at
Reach D and Reaches J-K (ATS, 2007). Elevated concentrations of other substances, including
chlorobenzenes, were also the focus at Reach D. In the spring of 2007, Dow submitted to MDEQ
permit applications for three Pilot Corrective Actions for three sites in the UTR located in
reaches D, J-K, and O. However, as related below, removal actions instead occurred under EPA
authority, pursuant to CERCLA.

In June 2007, EPA notified Dow that it must begin cleanup of areas in Reach D, J-K, and O.
Immediately following a brief negotiation, three “administrative orders on consent” (orders)
were drafted requiring cleanup under CERCLA (U.S. EPA, 2007f). On July 18, 2007, EPA
released an “enforcement action memorandum.” This memorandum summarized EPA’s
determination that the cleanup sites were an “imminent and substantial threat to public health and
the environment” (Augustyn, 2007). On July 12, 2007, EPA and Dow entered into three separate
administrative agreements and orders for Reach D (U.S. EPA, 2007b), Reach J-K (U.S. EPA,
2007c), and Reach O (U.S. EPA, 2007d).

5. The concentration of mixtures of individual dioxins, furans, and dioxin-like PCB compounds can be
expressed as the amount of TCDD that has the equivalent toxicity as the mixture. Unless specified otherwise in
this report, TEQs represent the toxicity of the mixture of dioxins and furans in a given sample.
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Reach D is located in the vicinity of a historic flume situated along the northeast bank of the
Tittabawassee River, within the Midland plant property. The Reach J-K cleanup area is located
in over-bank areas on the northeast side of the Tittabawassee River, approximately 3.6 miles
downstream of the confluence of the Chippewa and Tittabawassee rivers within Dow’s property.
Reach O is approximately 6.1 miles downstream of the confluence of the Chippewa and
Tittabawassee rivers and is also located within and immediately adjacent to Dow’s property. The
cleanup actions vary by reach and are summarized below.

At Reach D, Dow was ordered to remove the historical flume sheet piling and contaminated
bottom deposits and sediments in the immediate area around the historical flume. At Reach J-K,
Dow was ordered to remove a highly contaminated naturally occurring levee, cap one
contaminated upland area, and fence off another contaminated wetland area. At Reach O, Dow
was ordered to remove contaminated sediments in designated locations of a 1,300-foot long point
bar that extended approximately 50 to 100 feet into the Tittabawassee River, parallel to the
northwest bank. Dow initiated the removal action at Reach D on July 9, 2007, at Reach J-K on
August 6, 2007, and at Reach O on August 24, 2007. As of February 2008, EPA reports that
removal actions at Reaches J-K and O have been completed except for monitoring activities, and
Reach D cleanup is still being implemented (U.S. EPA, 2008).

In addition to Tittabawassee River sites, discovery of a dioxin and furan hotspot in the upper
Saginaw River spurred an additional cleanup action. On November 9, 2007, Dow notified EPA
that Saginaw River sediments sampled adjacent to Wickes Park in the City of Saginaw,
approximately 0.5 miles downstream of the Tittabawassee River confluence (Figure 2.2),
contained extremely high dioxin and furan concentrations (U.S. EPA, 2007e). Preliminary results
showed dioxin and furan concentrations up to 1,640,000 pptr TEQ. This is likely the highest
reported concentration of dioxins and furans ever found in the Great Lakes region (U.S. EPA,
2007g). On November 15, 2007, an order was signed beginning a removal action in the Saginaw
River hot spot. The order required Dow to begin fieldwork immediately, with the dredging to be
completed by December 15, 2007 (U.S. EPA, 2007a). On December 18, 2007, dredging was
completed. The staging and treatment area at Wickes Park was cleared and secured from public
access until restoration work can be completed in the spring of 2008.

3.2.3 Ecological risk assessments

In addition to site characterization studies outlined above, a State-supported ecological risk
assessment (ERA) was completed. This assessment, produced by Galbraith Environmental
Services, focused on the effects of dioxins and furans, and is summarized below. Similarly, Dow
was required to perform a SLERA and BERA, and these assessment are underway. Michigan
State University and Dow’s consultants are pursuing field studies to collect data for the SLERA
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and BERA. A summary of field studies conducted by Dow, Michigan State University, and
ENTRIX follows a summary of the Galbraith Environmental Services ERA, below.

Galbraith ERA

The Galbraith ERA concluded that birds and mammals in the Tittabawassee River and floodplain
are at risk from adverse effects of dioxins and furan exposure (Galbraith Environmental Services,
2003). Risks were evaluated using site-specific contaminant data for sediment, water, and fish
from Tittabawassee River, bird eggs from the Shiawassee NWR, and comparison to information
from the scientific literature. Based on a review of the scientific literature, dietary concentrations
that would result in toxicity to exposed piscivorous (fish-eating) mammalian species [such as
river otter (Lutra canadensis) and mink (Neovison vison)] and piscivorous birds were identified.
Measured concentrations in fish tissue collected in the Tittabawassee River were then compared
to the literature values. Based on this comparison, mammalian and avian piscivorous species
were reported to be at risk to the adverse effects of dioxins and furans. Dioxin and furan
concentrations in migratory waterfowl [wood ducks (Aix sponsa) and hooded mergansers
(Lophodytes cucullatus)] eggs collected in the Shiawassee NWR were also measured and
compared to literature values, and results were reported to indicate that these species are also at
risk of adverse effects.

Studies by Dow, Michigan State University, and ENTRIX

Dow is actively assessing biological and ecological risk in the Tittabawassee River and
floodplain. In general, Dow is focusing on population-level effects that could be caused by a
subset of dioxins and furans found in Tittabawassee River and floodplain sediments and soils on
a variety of biota that reside in or near the river.

Dow is funding field studies to examine the effects of dioxins and furans on wildlife in the
Tittabawassee River floodplain. The studies were initiated in 2003, with the bulk of the work to
be completed by the end of 2008 (ENTRIX, 2006a). Dow has indicated that some or all of the
study results will be used in the BERA (ENTRIX, 2006a). Field study work plans are included as
appendices to the BERA work plan. According to the Dow BERA and SLERA work plans
(ENTRIX, 2006a, 2006b), the studies are investigating site- and congener-specific exposure
(exposure studies) and population-level health (effects studies) for selected species from the
Tittabawassee River floodplain.

To date, results of the field studies have been presented as conference abstracts and presentations
(SETAC, 2005, 2006, 2007). Five manuscripts related to mink exposure and dietary studies have
been prepared [Blankenship et al., 2008; Zwiernik et al., In press (a, b, c, d)].
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Exposure studies

According to the BERA work plan (ENTRIX, 2006a), the main goal of the exposure study field
work is to collect data on the levels of dioxins and furans in the diet and tissues of the species
under study. These levels will then be compared to samples collected from reference areas, and
to literature-based toxicity reference values (TRVS).

The species under study are mink, shrew (Soricidae), tree swallow (Tachycineta bicolor), eastern
bluebird (Sialia sialis), house wren (Troglodytes aedon), robin (Turdus migratorius), great
horned owl (Bubo virginianus), great blue heron (Ardea herodias), and belted kingfisher
(Megaceryle alcyon). According to the BERA work plan (ENTRIX, 2006a), these species were
selected according to EPA ERA guidelines (U.S. EPA, 1998), including their relevance to the
wildlife in the TRSAA.

The following is a summary of the exposure work, known to be underway:

» Site-specific data are or will be available for 17 dioxin and furan congeners in dietary
items, including sediments and soils, aquatic plants, crayfish, benthic and emergent
invertebrates, soil, terrestrial plants, worms, terrestrial invertebrates, and small mammals.

» Dietary composition of receptors are being or will be analyzed, including analyses of
stomach contents, to develop frequencies and proportions of different dietary items that
are consumed by the species under study.

» Site-specific dietary exposures for each receptor are being or will be calculated using
likely concentrations in dietary items and their intake frequencies. Other exposure routes,
including direct contact and inhalation, will be modeled and such exposures will be
incorporated into estimated potential average daily doses (ENTRIX, 2006a).

4 Dietary doses and receptor tissue concentrations will be compared to reference sites and
literature-based dietary TRVs.

Effects studies

According to Dow, the purpose of the effects studies is to evaluate the population-level
reproductive health of the species under study (ENTRIX, 2006a). The assessment endpoints for
the exposure and effects studies are summarized in Tables 3.3 and 3.4. In addition to these
measurements, habitat suitability, relative abundance, individual health (morphological and
histological endpoints for trapped mink), and productivity potential (placental scars for trapped
mink) are also being investigated, as well as separate studies to address organism contaminant
uptake kinetics and dose responses related to specific stressors.
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Table 3.3. Summary of exposure and effects endpoints to be measured in the field studies
funded by Dow

Exposure studies Effects studies
Return Screening for
Dietary-based  Receptor tissue rates/survival deformities/ Foraging
Species exposure concentrations® estimates birth defects range
Shrew X X
Mink? X X
Tree swallow X X X X
Eastern bluebird X X X X
House wren X X X X
American robin X X
Great horned owl X X X X X
Great blue heron X X X X X
Belted kingfisher X X X X X

a. Additional individual and population level health effects listed in the text.
b. Tissues samples in birds include adults, nestlings, fresh and addled eggs, adult plasma, nestling blood,
and/or salvaged nestlings.
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Table 3.4. Summary of productivity endpoints to be measured in the field studies funded by Dow

Nestling Nest

Box Egg Clutch Hatching  growth Fledging attentiveness Depredation Nest Nestling
Species occupancy masses size success curves success (adult) rates occupancy sex ratio
Tree swallow X X X X X X X X
Eastern bluebird X X X X X X X X
House wren X X X X X X X X
Great horned owl X X X X X X X X
Great blue heron X X X X
Belted kingfisher X X X X X X
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4. Confirmation of Exposure

This chapter presents data confirming that natural resources of the TRSAA have been exposed to
hazardous substances released from the Dow plant.

Federal regulations state that an assessment plan should confirm that:

at least one of the natural resources identified as potentially injured in the
preassessment screen has in fact been exposed to the released substance
[43 CFR § 11.37(a)].

A natural resource has been exposed to hazardous substances and/or petroleum products if “all or
part of [it] is, or has been, in physical contact with . . . a hazardous substance, or with media
containing the . . . hazardous substance” [43 CFR § 11.14(q)]. Federal regulations also state that,
“whenever possible, exposure shall be confirmed using existing data” from previous studies of
the assessment area [43 CFR 8 11.37(b)(1)].

Hazardous substances released from the Dow plant include dioxins and furans, and a broad range
of other organic contaminants and metals (see Chapter 3). The following sections provide
confirmation of exposure through summaries of readily available information about hazardous
substances in the assessment area, including advisory information and data for surface water
resources (including sediments), groundwater resources, geological resources (soils), and
biological resources such as birds and fish.

4.1 Study Area Advisories

An unusually large and extensive body of advisories exists for the TRSAA, including for fish
consumption, wild game consumption, and soil contact. This section of the Assessment Plan
presents a summary of these advisories with respect to hazardous substances released by Dow. In
later sections, we identify aspects of the advisories that are key to the NRDA and provide a
methodology on how advisories could be used as measures of injuries, services, and damages.

According to federal regulations, an injury to biological resources has resulted from the release
of a hazardous substance if the concentration of the substance is sufficient to:

exceed levels for which an appropriate state health agency has issued directives to
limit or ban the consumption of such organism [43 CFR 811.62(f)(1)(iii)].
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Federal regulations also specify that an injury to biological resources can be defined by an
exceedence of action or tolerance levels established under Section 402 of the Food, Drug and
Cosmetic Act [21 USC § 342] in edible portions of organisms [43 CFR § 11.62(f)(2)(ii)]. This
section focuses on consumption advisories; however, the Trustees may also evaluate injury as
concentrations that exceed action or tolerance levels, regardless of advisories.

4.1.1 Fish consumption advisories

The State of Michigan began advising that people restrict their consumption of contaminated
sport-caught fish in the 1970s. Fish consumption advisories (FCAs) have changed over time to
reflect contemporaneous data on fish contaminant levels and contaminant toxicity, and new
methodologies for establishing and issuing advisories. Until 1980, Michigan issued FCAs based
on the U.S. Food and Drug Administration’s guidelines. In 1981, Michigan began to apply risk
assessment methodologies to determine trigger levels for certain contaminants. Trigger levels
have changed over the years, mainly based on refinements in knowledge of the contaminants.
For example, in 1986 the Michigan Department of Community Health (MDCH) evaluated the
dioxin trigger level of 25 pptr and adopted a lower trigger value of 10 pptr. The details of the
advisories for the TRSAA are provided in Attachment D (MDNR, 1977, 1978a, 1978b, 1979,
1980, 1981a, 1982, 1983a, 1984a, 1985, 1986, 1987, 1988a, 1989, 1990a, 1991a, 1992, 19933,
19944, 1994c, 1995, 1996, 1997; MDCH, 1998, 1999, 2000, 2001, 2002, 2003, 20044, 2007).

Tittabawassee River

The specific details of the advisories in the Tittabawassee River are presented in Tables D.1-D.4
of Attachment D and are summarized as follows:

» 1981: The first advisory recommended “against eating any fish” for all human population
groups, based on polybrominated biphenyls (PBBs) and dioxin.

» 1982-1988: “Do not eat any fish” advisories were issued for all fish species for all human
population groups; from 1986 to 1988, the FCAs specified carp and catfish. The
contaminants responsible for the advisories during these years were not specified. For
some of the years, the advisory was issued with a list of possible contaminants that may
have caused the advisory; for others, no contaminants were listed. However, for years
prior to and after this time span, the FCAs were based on only three contaminants: PBBs,
PCBs, and dioxin. Hence, it is likely that either one or some combination of the three was
also responsible for the advisories issued between 1982 and 1988.

» 1989-1996: The FCAs stipulated “do not eat” carp and catfish for all human population
groups; PCBs and dioxin were specified as the contaminants responsible for the
consumption advisory. A new advisory was issued for “all other species” for dioxin and
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PCBs: 1 meal/month for women and children subpopulations and restricted consumption
for the general population (though a meal frequency was not specified).

4 1997-2000: In addition to advisories to the general population for PCBs and dioxin in
catfish, carp, and “all other species,” advisories to subpopulations were issued for PCBs
in white bass, white sucker, and walleye.

» 2001-present: The catfish and carp advisories remain in place, and the “all other species”
advisory further specifies 1 meal/week for the general population, and 1 meal/month for
subpopulations. The advisory to the general population for PCBs and dioxin in white bass
was extended to “do not eat.” The advisories specific to walleye and white sucker were
removed (these species are now included under the “all other species” advisory), and a
new advisory was issued for PCBs and dioxin in smallmouth bass.

Changes have also occurred regarding fish size specifications within the advisories. Generally,
the earlier advisories did not specify fish sizes, but later advisories specified applicable lengths.
For example, the advisories for carp and catfish did not specify a size until 1997 when the
advisories were specifically issued for fish over 6 inches in length. A similar trend occurred in
the Saginaw River and Bay advisories. Advisories for children and for women are generally
more stringent than the advisories for the general population because of the concern that certain
chemicals may have adverse reproductive effects.

Saginaw River

Advisories for the Saginaw River were first issued in 1979. The advisories followed a similar
pattern to those issued for the Tittabawassee River, both in terms of fish species affected and
contaminants, with dioxin and PCBs being the dominant cause of advisories. The exact
definition of the geographic extent of the advisories also changed over time, though they
generally applied to the full length of the Saginaw River, from its confluence with the
Tittabawassee and Shiawassee rivers, to its mouth at Saginaw Bay. The specific details of the
advisories are presented in Tables D.1-D.4 of Attachment D and are summarized below:

» 1979-1981: The first advisories recommended “against eating any fish” for all human
population groups, based on PBBs and dioxin.

» 1982-1988: “Do not eat any fish” advisories were issued for all fish species for all human
population groups from 1982 to 1985. In 1986, the advisory was for carp, with one
meal/week advised for the general population, and no consumption advised for women
and children. From 1986 to 1988, FCAs were issued for catfish in addition to carp, and
the FCA again stipulated “do not eat” for all populations. The contaminants responsible
for the advisories during these years were not specified. For some of the years, the
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advisory was issued with a list of possible contaminants; for others, no contaminants
were listed. However, for years prior to and after this time span, the FCAs were issued
based on PBBs, PCBs, and dioxin. Hence, it is likely that either one or some combination
of the three was also responsible for the advisories issued between 1982 and 1988.

» 1989-1996: The FCAs recommended that all human population groups “do not eat” carp
and catfish because of PCBs and dioxin. A new advisory was issued for PCBs and dioxin
in “all other species”: 1 meal/month for women and children subpopulations, and
restricted consumption for the general population (meal frequency was not specified).

4 1997-present: The catfish and carp advisories remain in place, but the “all other species”
advisory was further specified to indicate 1 meal/week for the general population and
1 meal/month for subpopulations. An advisory for white bass for PCBs was introduced,
first as 1 meal/week for the general population and “do not eat” for woman and children
subpopulations, then revised in 1998 for the subpopulations to 6 meals/year. The history
and pattern of FCAs for the Saginaw River is similar to those of the Tittabawassee River.
Advisories were continuous from 1979 to the present for the length of the river. The
FCAs included all species, with “do not eat” advisories for numerous species targeted by
anglers. PCBs and dioxin were the dominant contaminants identified in the issuance of
the advisories, but dioxin was listed as a contaminant only in combination with PCBs,
never independently.

Saginaw Bay

Advisories were first issued in the Saginaw Bay in 1977. From 1977 to the present, consumption
advisories have been issued for 20 species of fish in the Bay (Tables D.1-D.4 of Attachment D).
The basis for the advisories has changed over time. For example, between 1977 and 1992, only
PCBs triggered advisories, except during 1988-1992, when FCAs did not specify a contaminant.
Dioxin first appeared in FCAs for the Bay in 1994, and between 1994 and the present, dioxin
advisories included lake trout, rainbow trout, whitefish, carp, and catfish. The geographic details
of the advisories over time are summarized in Table D.5 of Attachment D.

4.1.2 Wild game advisories

This section summarizes the wild game consumption advisory that was issued in September
2004 by the MDCH (2004c). In a study conducted by Dow Chemical and reviewed by Michigan
health assessors, dioxin levels in deer, turkeys, and squirrels were 2 to 120 times higher in the
floodplain downstream of Midland than a location upstream of Midland (MDEQ), 2004b). State
of Michigan health assessors concluded that eating deer, turkeys, or squirrels harvested at the
levels found in the Dow study could result in adverse health effects. In September 2004, the
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MDCH issued an advisory to not consume deer liver or turkey, and to limit consumption of deer
muscle and squirrels, harvested in the floodplain downstream of Midland. The advisory was
issued for areas adjacent to the Tittabawassee River from Midland to the confluence with the
Saginaw River, but included a statement that the areas of concern could not be defined precisely
due to the movement of animals (MDEQ, 2004b, 2004c). MDCH recognized that people may
still eat deer and turkey from the advisory area, so the advisory made the additional
recommendations that included trimming visible fat from the meat before cooking, and to not
consume organ meats such as liver and brains or the skin of harvested animals. Table D.6 of
Attachment D summarizes the wild game consumption advisory issued in 2004 (MDCH, 2004c).

4.1.3 Soil advisories

High levels of dioxins and furans were first found in the Tittabawassee River floodplain during a
wetland mitigation project in 2000. Results of soil samples showed dioxin concentrations as high
as 2,200 pptr TEQs, nearly 25 times the residential direct contact criterion established in
provisions of Part 201 (“Environmental Remediation”) of Michigan’s NREPA (MDEQ, 2003b).
This prompted the Michigan Department of Agriculture (MDA) to issue a food and gardening
guidance document in 2002 (MDA, 2002), and conduct a soil sampling and assessment program
in the Tittabawassee floodplain (MDEQ, 2003b, 2003f). Soil and sediment sample results
identified dioxin concentrations as high as 7,300 pptr TEQs. Given these results, the MDEQ,
MDCH, and MDA issued the 2003 soil movement advisory (MDEQ, 2003e), which was later
revised in July 2005 (MDEQ, 2005).

The contents of the 2003 advisory are summarized in Tables D.7 and D.8 of Attachment D
(MDEQ, 2003e). The area of concern, as described in the 2003 advisory, is the Tittabawassee
River 100-year floodplain downstream of Midland. This area is generally bordered to the
southwest by River Road and Stroebel Road. Downstream of Midland, the 100-year floodplain
borders Midland Road, St. Andrews Road, and Michigan Avenue to the northeast (MDEQ,
2003e).

The 2005 revised advisory refined the areas covered by the advisory areas downstream of the
City of Midland that are flooded by the river every 7 to 10 years. In addition, the 2005 revised
advisory also includes properties in the City of Midland that are close to and downwind of the
Dow Midland plant, which exceed residential soil direct contact for dioxins and furans, based on
soil sampling conducted by the MDEQ, Dow, and EPA (MDEQ), 2005). The purpose of the soil
advisory is to avoid problems that can result from disturbing, moving, and redistributing
contaminated floodplain soil and river sediments. The advisory applies to minor and major
movement of household soil and commercial movement of soil, including sediment dredging and
farming, with the premise that all movement of soil and sediment increases exposure risk. Below
is a summary of the advisories for soil activities related to household activities (construction of
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ponds, berms, and home footings; gardening; lawn work; electrical and plumbing conduit
trenching; and the installation of septic tanks and tile fields) and to commercial activities (sand
mining; construction or repair of roads, bridges, sewer lines, water lines, and utility lines; boat
launch maintenance; marina maintenance; and installation or removal of pilings).

The household soil advisory makes these recommendations:

» Minimize or eliminate soil displacement and movement activities on property located
within the floodplain

» Prevent children from playing in soils

4 Do not eat unwashed foods

» Store all gardening clothes outdoors

4 Avoid activities that may introduce soils to the mouth

» Keep soil moist to avoid dust

4 Avoid placement of outbuildings and homes within the floodplain.

Commercial soil movement and dredging activities included additional precautions for
commercial soil movement (including the analytical testing of soils at depth) and soil erosion
prevention (including covering soil piles with plastic sheeting). In addition to human health
recommendations, the advisories also provide guidance on avoiding potential liability issues
associated this contaminated soil movement:

4 Minimizing or eliminating soil displacement and movement activities on property located
within the floodplain

4 Disposing of any removed soil at a licensed landfill
4 Using only clean fill or topsoil to re-grade areas
4 Not moving soil from low-lying, more potentially contaminated areas to higher,

potentially uncontaminated or less contaminated areas
4 Immediately enacting measures to prevent wind and rain erosion of soil

4 Utilizing minimum tillage and dust reduction practices and following the personal risk
reduction strategies for gardening.
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4.2 Other Data Confirming Exposure of Natural Resources

Many data are available to confirm the exposure of natural resources to hazardous substances
within the TRSAA. Attachment E lists sources of relevant data from the Tittabawassee River, the
Saginaw River, and Saginaw Bay. The data sources are organized according to media (surface
water, sediment, biota, and groundwater), and are separated into four specific time periods: pre-
1980, 1980-1989, 1990-1999, and 2000-present.

For the Tittabawassee River, surface water, sediment, and fish tissue data are available for each
time segment. Bioassay (toxicity testing, bioaccumulation, and caged fish studies) and
macroinvertebrate survey data are available for pre-1980 through 2004. Additional
Tittabawassee River data are available for air emissions, Dow discharges, fish surveys, bird
tissues, bird eggs, benthic invertebrates, periphyton/phytoplankton, groundwater, and soils. In the
Saginaw River, sediment data are available for each year category. In addition, Saginaw River
data are available for surface water, fish tissue, and benthic invertebrate surveys for many years.
Surface water, sediment, fish tissue, bird survey, and benthic invertebrate survey data are
available for the Saginaw Bay for many years. Below, major categories of natural resources that
have potentially been injured are defined, including surface water and sediments, biological
resources, groundwater, and geologic resources.

4.3 Surface Water and Sediment Resources
4.3.1 Definition

Surface water resources are defined as the waters of the United States, including the sediments
suspended in water or lying on the bank, bed, or shoreline and sediments in or transported
through coastal and marine areas. This term does not include groundwater or water or sediments
in ponds, lakes, or reservoirs designed for waste treatment under the RCRA [42 USC 88 6901-
6992] or the CWA, and applicable regulations [43 CFR § 11.14(pp)].

4.3.2 Exposed surface water and sediment resources

In the assessment area, exposed surface water and associated sediments include, but are not
limited to the:

Tittabawassee River from the Dow plant to the confluence with the Saginaw River
Tittabawassee River floodplain

Saginaw River downstream of the confluence with the Tittabawassee River
Saginaw River floodplain

Saginaw Bay.

vV vVvVvVew
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These resources provide ecological services such as habitat for aquatic biota and a water supply
for riparian vegetation habitat. In addition, the surface water is a likely transport pathway for
carrying contaminants downstream of the plant.

4.4 Biological Resources
4.4.1 Definition

Biological resources are defined as those natural resources referred to in Section 101(16) of
CERCLA as fish and wildlife and other biota. Fish and wildlife include aquatic and terrestrial
species; game, nongame, and commercial species; and threatened, endangered, and state
sensitive species. Other biota encompass shellfish, terrestrial and aquatic plants, and other living
organisms not otherwise listed in this definition [43 CFR § 11.14(f)].

4.4.2 Exposed biological resources

The Tittabawassee River and floodplain habitats support a wide variety of biota potentially
exposed to hazardous substance releases from the plant. Potentially injured biological resources
may include, but are not limited to:

Riverine, wetland, and floodplain fish and wildlife habitats
Mammalian and avian species

Fish of various species

Reptiles and amphibians

Aguatic benthic macroinvertebrates

Other aquatic flora and fauna

Vegetation

Threatened or endangered species.

vV vV Vv vVvVvVw

4.5 Groundwater Resources
45.1 Definition

Groundwater is defined as water in a saturated zone or stratum beneath the surface of land or
water and the rocks or sediments through which groundwater moves. It includes groundwater
resources that meet the definition of drinking water supplies [43 CFR 8§ 11.14(t)].
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4.5.2 Exposed groundwater resources

Groundwater that is collected at the Dow plant by the RGIS is sampled and analyzed on a regular
basis (Dow Chemical, 1984; ATS, 2006b), and these data will be compiled and reviewed by the
Trustees as a part of the assessment of injuries to groundwater in the TRSAA.

4.6 Geologic Resources
4.6.1 Definition

Geologic resources are defined as those elements of the Earth’s crust such as soils, sediments,
rocks, and minerals, including petroleum and natural gas, that are not included in the definitions
of groundwater and surface water resources [43 CFR § 11.14(s)].

4.6.2 Exposed geologic resources

Geologic resources of the TRSAA include soils exposed to hazardous substances by foot traffic
and wind. In addition, soils within the Tittabawassee and Saginaw River floodplains are
potentially exposed by flooding. These soils are important in providing a medium for vegetation,
invertebrates, microbes, and other biota. Under flooding conditions, contaminated floodplain
soils can expose aquatic biota and/or surface water resources to hazardous substances. In
addition, soils can serve as a pathway to groundwater via percolation of hazardous substances
from contaminated surface soils to the underlying aquifer.
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Chapter 4 summarized data confirming that natural resources in the TRSAA have been exposed
to hazardous substances. Natural resources, including surface water, sediments, groundwater,
floodplain soils, riparian vegetation, aquatic biota, and terrestrial wildlife resources, may be
injured as a result of this exposure. The Trustees will conduct an assessment to determine the
nature and extent of injuries to these resources, the restoration opportunities that could offset the
losses caused by injuries, and the appropriate amount of restoration to make the public whole.
The Trustees may use a combination of metrics that address either the natural resources
themselves, the ecological and human services that the natural resources provide, or the human
values associated with the natural resources and their services." Generally, the purpose of the
injury assessment is to determine whether injuries to natural resources have occurred [43 CFR §
11.62], to identify the environmental pathways through which injured resources have been
exposed to hazardous substances [43 CFR § 11.63], and to quantify the degree and extent (spatial
and temporal) of injury losses and potential restoration gains compared with baseline conditions
[43 CFR § 11.70].

This chapter provides an overview of potential injuries to, and restoration of, natural resources
that will be assessed by the Trustees, including potential methods to scale restoration gains to
injury losses. Specifically, this chapter addresses the Trustees’ proposed approaches for injury
determination, determination of restoration alternatives, and quantification of the link between
them as damage determination.

5.1 Overall Approach

To assess damages at the TRSAA, the Trustees intend to follow federal regulations at 43 CFR
Part 11 (see Section 1.3 of this Assessment Plan), to the extent practical. Consistent with the
regulations, injury determination, restoration alternatives, and quantification will be evaluated
for all relevant categories of natural resources. However, natural resources are interdependent.
For example, surface water; bed, bank, and suspended sediments; floodplain soils; and riparian
vegetation together provide habitat — and lateral and longitudinal connectivity between habitats —
for aquatic biota, semi-aquatic biota, and upland biota. Hence, injuries to individual natural
resources may cause ecosystem-level losses and restoration of habitats may allow ecosystem-

1. Often, injury determination targets impacts caused by hazardous substances on the quantity and quality of
the natural resources themselves. However, in some cases, measurement of services or values can provide
highly relevant information for quantification of injuries or the injury-damage nexus.
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level gains. The Trustees will consider these interdependent ecosystem-level losses and gains
when conducting their assessment.

In addition, the Trustees will evaluate whether any specific natural resources and services are
impacted, and determine their importance to the public. For instance, the Tittabawassee River
and its floodplain have required an unusually large number of advisories that may significantly
impact the public’s recreational uses and appreciation of natural resources.

5.1.1 Iterative assessment planning and assessment determination

The Trustees will use the extensive body of existing data in the assessment. Key sources of
existing data are described in Chapter 4 of this Assessment Plan. The Trustees will compile and
review existing site-specific data. The results of any ongoing data collection and monitoring
programs, including those associated with response activities, will also be examined.

Following this review, the Trustees may determine that additional data are required in order to
assess the site. In such cases, the Trustees may issue subsequent assessment plan addenda, study
plans, or SOPs for the public to view. The Trustees will also determine whether targeted
assessment studies should be conducted cooperatively with the Trustees as the lead,
cooperatively with Dow as the lead, or independently by the Trustees (see Section 5.1.2, below).
Any assessment studies will be designed to provide additional data relevant to assessing injury
and losses, determining potential gains from restoration, and/or for scaling restoration to the
losses.

5.1.2 Cooperative assessment with Dow

The Trustees have entered a funding and participation agreement with Dow to facilitate
assessment activities (USFWS, 2007a). The agreement allows for Trustee-implemented
cooperative studies and related activities, Dow-implemented cooperative studies and related
activities, and independent studies. Cooperative elements of the assessment will either be funded
by Dow or led by Dow under Trustee oversight.

The cooperative approach also permits the Trustees and Dow to capitalize on the shared
experience of the respective parties. The Trustees have formed three technical workgroups with
Dow to evaluate the need for additional assessment studies in the TRSAA that could be
conducted cooperatively. The workgroups include a human services workgroup, an ecological
workgroup, and a restoration workgroup.
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5.2 Injury and Pathway Determination

The Trustees will determine whether an injury to one or more natural resources has occurred as a
result of releases of hazardous substances [43 CFR § 11.62]. This determination will include the
following two steps:

1. Determination that injury has occurred. In this first step, the Trustees will determine
whether injuries, such as those that meet the definitions of injury in 43 CFR § 11.62, have
occurred for surface water, sediment, groundwater, geologic, and biological resources
(see Section 5.2.1).

2. Pathway determination. The Trustees will determine whether sufficient exposure
pathways exist or have existed by which hazardous substances are transported in the
environment and natural resources are exposed to those substances [43 CFR § 11.63].
Pathways will be determined using a combination of information about the nature and
transport mechanisms of the hazardous substances, potential pathways, and data
documenting the presence of the hazardous substance in the pathway resource(s).

The rest of Section 5.2 describes methods proposed by the Trustees to determine injuries to
specific natural resources. Definitions of injury for each natural resource category are presented,
followed by proposed approaches to determine if the resources have been injured. Methods
proposed by the Trustees to determine pathways are also described.

5.2.1 Definitions of injury

Based on an initial review of existing data, the relevant NRDA regulatory definitions for the
evaluation of injuries to natural resources of the TRSAA include the following:

Biota

» Concentrations of a hazardous substance sufficient to cause the biological resource or its
offspring to have undergone at least one of the following changes in viability: death,
disease, behavioral abnormalities, cancer, physiological malfunctions (including
malfunctions in reproduction), or physical deformations [43 CFR § 11.62(f)(1)(i)].

» According to federal regulations, an injury to biological resources has resulted from the
release of a hazardous substance if the concentration of the substance is sufficient to
“exceed levels for which an appropriate State health agency has issued directives to limit
or ban the consumption of such organism” [43 CFR §11.62(f)(1)(iii)]. Federal regulations
also specify that an injury to biological resources can be defined by an exceedence of
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action or tolerance levels established under Section 402 of the Food, Drug and Cosmetic
Act in edible portions of organisms [43 CFR § 11.62(f)(1)(ii)].

Surface water

»

Concentrations and durations of hazardous substances in excess of drinking water
standards as established by Sections 1411-1416 of the Safe Drinking Water Act (SDWA),
or by other federal or state laws or regulations that establish such standards for drinking
water, in surface water that was potable before the release [43 CFR § 11.62(b)(2)(i)]

Concentrations and duration of hazardous substances in excess of applicable water
quality criteria established by Section 304(a)(1) of the CWA, or by other federal or state
laws or regulations that establish such criteria, in surface water that before the release met
the criteria and is committed use as habitat for aquatic life, water supply, or recreation

[43 CFR § 11.62(b)(2)(iii)]

Concentrations and duration of hazardous substances sufficient to have caused injury to
groundwater, air, geologic, or biological resources, when exposed to surface water
[43 CFR § 11.62(b)(1)(V)].

Sediment

»

Concentrations and duration of hazardous substances sufficient to cause injury to
biological resources, groundwater, or surface water resources that are exposed to
sediments [43 CFR § 11.62(b)(v); 11.62(e)(11)].

Groundwater

»

Concentrations and duration of hazardous substances in excess of drinking water
standards as established by Sections 1411-1416 of the SDWA, or by other federal or state
laws or regulations that establish such standards for drinking water, in groundwater that
was potable before the release [43 CFR § 11.62(c)(1)(i)]

Concentrations and duration of hazardous substances sufficient to have caused injury to
surface water, when exposed to groundwater [43 CFR § 11.62(c)(1)(iv)].
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Geologic resources

» Concentrations of substances sufficient to cause a toxic response to soil invertebrates
[43 CFR § 11.62(e)(9)]

» Concentrations of substances sufficient to cause a phytotoxic response such as retardation
of plant growth [43 CFR § 11.62(e)(10)]

» Concentrations of substances sufficient to have caused injury to surface water,
groundwater, air, or biological resources, when exposed to geologic resources [43 CFR §
11.62(e)(11)].

5.2.2 Injury determination approaches

The injury definitions described in Section 5.2.1 consist of several components. These
components are presented in Table 5.1, along with approaches that may be undertaken to
determine whether the conditions of the injury definition are met.

In addition to the injury categories listed in Table 5.1, the Trustees will assess injuries caused by
cleanup activities and corrective actions required by the response agencies to protect public
welfare and the environment. In many case, necessary cleanup, such as dredging, soil removal,
and capping can impact natural resources and habitats. Natural resource restoration will be used
to compensate for these losses, as well as the losses caused directly by hazardous substances
themselves.

5.2.3 Pathway determination approach

A pathway is the “route or medium through which . . . a hazardous substance is or was
transported from the source of the discharge or release to the injured resource” [43 CFR §
11.14(dd)]. The regulations specify pathways through surface water [43 CFR § 11.63(b)],
groundwater [43 CFR § 11.63(c)], air [43 CFR § 11.63(d)], geologic resources [43 CFR §
11.63(e)], and biological resources [43 CFR § 11.63(f)]. For example, a hazardous substance
might move from a point of release to surface water, through groundwater, into the soil, and into
a plant or the food web.

Pathways can be determined using a combination of information about the nature and transport
mechanisms of the hazardous substances, potential pathways, and data documenting the presence
of the hazardous substance in the pathway resource. Figure 5.1 shows the relationships between
important pathways of exposure and ecological receptors in an aquatic food web.
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Table 5.1. Components of selected injury definitions and evaluation approaches

Injury definition

Definition components

Potential determination approach

Biota

Cause the biological
resource or its offspring to
have undergone adverse
changes in viability

[43 CFR 11.62(f)(1)(i)]

Aquatic and terrestrial biota
resources are injured when
concentrations of hazardous
substances are sufficient to cause
changes in viability such as death,
disease, behavioral abnormalities,
physiological malfunctions, or
physical deformation.

Compare surface water concentrations to
criteria for the protection of aquatic life.

Compare surface sediment concentrations
to consensus-based sediment effect
concentrations for benthic invertebrates.

Evaluate population survey data to
determine the degree of impairment of
biotic communities using community
indices, such as diversity, abundance,
biomass, and pollution tolerance indices.

Evaluate results of site-specific toxicity
tests on biota exposed to assessment area
surface water, sediment, soils, and/or diet.

Evaluate dietary and tissue concentrations
relative to concentrations known to cause
death, disease, behavioral abnormalities,
physiological malformations, or physical
deformities.

Vegetation resources are injured
when concentrations of hazardous
substances are sufficient to cause
changes in viability such as death,
disease, physiological malfunctions,
or physical deformation.

Compare concentrations of hazardous
substances in floodplain soils to thresholds
for phytotoxic effects in terrestrial plants.

Evaluate field vegetation survey data and
aerial photographs to determine the degree
of impairment of riparian vegetation.

Consumption advisories
[43 CFR 11.62(f)(1)(ii) and

(iii)]

Consumption advisories issued or
exceed action or tolerance levels.

Evaluate basis of advisories; compare
concentrations in organisms with action or
tolerance levels.
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Table 5.1. Components of selected injury definitions and evaluation approaches (cont.)

Potential determination approach

Injury definition Definition components
Surface water

Water quality criteria Surface waters are a committed use

exceedences as aquatic life habitat, water supply,

[43 CFR 11.62(b)(2)(iii)] or recreation.

Determine whether assessment area water
bodies have or had committed uses.
Committed use means either a current
public use, or a planned public use of a
natural resource for which there is a
documented legal, administrative,
budgetary, or financial commitment
established before the release of a
hazardous substance is detected.

Concentrations and duration of
hazardous substances are in excess
of applicable water quality criteria.

Compare surface water concentrations to
state, tribal, and federal water quality
criteria. Consider spatial extent of
exceedences, and temporal patterns of
exceedences for use in evaluating potential
service loss associated with exceedences.

Criteria were not exceeded before
release.

Compare conditions before the release, if
data are available, or compare conditions
at a carefully selected reference site, to
state, tribal, and federal water quality
criteria or standards, to determine whether
exceedences of criteria measured since the
release are a result of the release.

Drinking water standards ~ Concentrations and duration of

exceedences hazardous substances are in excess
[43 CFR 11.62(b)(1)(i)] of applicable drinking water
standards.

Compare surface water concentrations to
state, tribal, and federal water quality
criteria and standards. Consider spatial
extent of exceedences, and temporal
patterns of exceedences for use in
evaluating potential service loss associated
with exceedences.

Water was potable before release.

Compare conditions before the release, if
data are available, or compare conditions
at a carefully selected reference site to
drinking water standards to determine
whether exceedences of standards
measured since the release are a result of
the release.
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Table 5.1. Components of selected injury definitions and evaluation approaches (cont.)

Injury definition

Definition components

Potential determination approach

Biological resources
injured when exposed to
surface water

[43 CFR 11.62(b)(1)(v)]

Biological resources are injured
when exposed to surface water.

Determine whether biological resources
have been injured as a result of exposure to
surface water. For example, examine
individual, population, and community
level indicators for health of aquatic biota
(e.g., abundance and diversity of fish or
benthic invertebrates); consider potential
effects on waterbirds and aquatic
mammals.

Sediment (defined as a surface water resource)

Biological resources
injured when exposed to
sediments [43 CFR
11.62(b)(v); 11.62(e)(11)]

Biological resources are injured
when exposed to sediments.

Compare sediment concentrations to
consensus probable effect concentrations
and consensus threshold effect
concentrations to determine whether
biological resources exposed to the
sediments are likely to be adversely
affected.

Determine whether sediment
concentrations have caused an adverse
change in benthic invertebrate
communities. Compare indices such as
benthic invertebrate diversity, abundance,
and biomass to evaluate whether
contaminants have altered baseline
conditions.

Contact advisories
[analogous to 43 CFR
11.62(F)(1)(ii) and (iii)]

Contact advisories issued.

Evaluate basis of advisories.
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Table 5.1. Components of selected injury definitions and evaluation approaches (cont.)

Injury definition Definition components Potential determination approach
Groundwater
Drinking water standards ~ Concentrations and duration of Compare groundwater concentrations to
exceedences [43 CFR hazardous substances are in excess  state, tribal, and federal standards.
11.62(c)(1)(1)] of applicable drinking water Consider spatial extent of exceedences for
standards. injury quantification.

Water was potable before release.

Compare conditions before the release,
upgradient of the release, or conditions in a
carefully selected reference site, to
drinking water standards to determine
whether the water met standards before the
release.

Other resources injured Surface water resources are injured
when exposed to when exposed to groundwater.

groundwater [43 CFR
11.62(c)(1)(iv)]

Determine whether surface water has been
injured as a result of exposure to
groundwater. Measure surface water
concentrations at seeps, springs, and
gaining sections of streams and compare to
surface water quality criteria and
Michigan’s groundwater/surface water
interface standards.

Geologic resources

Soil invertebrates injured Soil invertebrates are injured when

when exposed to soil exposed to soil.
[43 CFR 11.62(e)(9)]

Compare concentrations in soils to
thresholds for effects in soil invertebrates.

Biological resources Biological resources are injured

injured when exposed to when exposed to soil
soil [43 CFR 11.62(e)(11)]

Compare concentrations in soils to
thresholds for effects in biota.

Surface water and Surface water and groundwater
groundwater resources standards or criteria are exceeded

injured when exposed to (as described above).
soil [43 CFR 11.62(e)(11)]

Compare concentrations in surface water
and groundwater to applicable standards
and criteria (as described above).

Phytotoxic response when  Plant survival or growth retarded

exposed to soil when exposed to soil
[43 CFR 11.62(e)(10)]

Compare concentrations of hazardous
substances in soils to thresholds for effects
in terrestrial plants.

Compare vegetation community
characteristics between assessment area
and reference area.

Contact advisories Contact advisories issued.

[analogous to 43 CFR
11.62(f)(1)(ii) and (iii)]

Evaluate basis of advisories.
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Figure 5.1. Partial ecological conceptual model identifying primary and secondary
sources of contamination in the lower Tittabawassee River and floodplain with
respective exposure routes to ecological receptors.

5.2.4 Quantification of spatial and temporal extent of injuries

Quantification of injuries will include an evaluation of the spatial extent, the temporal extent
(past, present, and expected future), and the degree of injuries throughout the assessment area.
To do so, the Trustees will evaluate contaminant data, historical records, and human use and
enjoyment information. Spatial extent will be evaluated by considering the available information
on injuries using a spatial analysis tool such as a geographic information system. Spatial extent
may also include three-dimensional estimates of the extent of injuries in groundwater, based on
available information on the volume of affected groundwater.

The degree of injuries will be evaluated by considering the degree of exceedence of criteria or
other thresholds that are protective of natural resources. Other indicators of injury such as
changes in ecological health and viability may also be relied upon in determining the degree of
injury.
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5.2.5 Determination of baseline

Baseline refers to the conditions that would have existed had the releases of hazardous
substances not occurred [43 CFR § 11.72(b)(1)]. The condition of the injured resources, or the
services or values provided by the injured resources, will be compared to baseline conditions to
estimate the amount of restoration, service replacement, or the value of offsets required. The
regulations suggest using historical data to evaluate baseline conditions, if they are available

[43 CFR 8 11.72(c)]. Data from control areas may also be used [43 CFR § 11.72(d)]. Because
baseline services can be affected by conditions and activities that are not related to the release
(e.q., roads, construction, permitted land uses), control areas may be evaluated to ensure that they
are appropriate in terms of relevant physical, chemical, biological, or socioeconomic conditions.

5.2.6 Estimation of losses

The difference between natural resources, services, or values provided under baseline conditions
versus injured conditions can be used to calculate the natural resource damages incurred by the
public. The Trustees will quantify losses by evaluating how natural resources, services, or values
that are normally available under baseline conditions have been or will be disrupted by the
release [43 CFR § 11.71(b)].

5.2.7 Estimation of recovery to baseline

The Trustees will estimate the time needed for recovery of injured resources, services, or values
to baseline levels. This evaluation will include an estimate of recovery time if no actions beyond
response actions are taken, and estimates of recovery time for possible alternatives for
restoration, rehabilitation, replacement, and/or acquisition of equivalent resources [43 CFR 8
11.73].

5.3 Determining Restoration Opportunities and Benefits

The natural resource trustees have developed a proposed list of criteria for evaluating potential
restoration ideas and projects for the NRDA restoration planning process for the TRSAA. These
criteria are based on those identified in federal regulations at 43 CFR § 11.82, 15 CFR 88 990.54
and 990.55, as well as relevant criteria developed as part of NRDAs conducted at other sites such
as Bunker Hill, Idaho; Pecos Mine, New Mexico; New Bedford Harbor, Massachusetts; Green
Bay, Wisconsin and Michigan; and Kalamazoo River, Michigan.
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5.3.1 Categories of evaluation criteria

The criteria have been grouped into four evaluation categories: eligibility, focus,
implementability, and benefits. These categories are intended to provide a framework to use
when evaluating potential projects. Initially, the eligibility criteria will be used to screen out
projects that do not meet the minimum standards described in federal regulations. Following the
initial screening, the remaining projects will be evaluated in more detail using the focus,
implementability, and benefits criteria. A brief description of each criteria category follows:

Eligibility: Criteria that relate to whether a proposed project meets minimum
standards of relevance to injured resources and/or services, achieves a
beneficial outcome, and complies with applicable and relevant laws
including the ability to obtain any necessary regulatory permits. A project
must meet each of these criteria to be considered further.

Focus: Criteria that relate to achieving the documented goals and objectives of the
Trustees for the restoration of the TRSAA.

Implementability: Criteria that relate to project implementability, feasibility, and cost-
effectiveness.

Benefits: Criteria that relate to the types, timing, and permanence of benefits
provided by a project.
5.3.2 Evaluation criteria and their interpretation

Tables 5.2-5.5 provide specific criteria under each evaluation category. A brief interpretation is
provided for each criterion to make clear how each will be used in the evaluation process.

Table 5.2. Eligibility criteria for restoration planning

Priority Criteria Interpretation

Pass/fail E1: Complies with applicable/relevant federal, Project must be legal, able to be permitted, and
state, local, and tribal laws and regulations. must not jeopardize public health and safety.

Pass/fail E2: Benefits natural resources injured by Projects will be evaluated as to whether they
hazardous substances released to the restore, rehabilitate, replace, or acquire the
Tittabawassee River system, or natural resource equivalent of injured natural resources and
services® lost because of injuries. services.

Pass/fail  E3: Is technically feasible. Projects must have a high likelihood of success.

a. The term “services” includes ecological and active and passive public use services.
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Table 5.3. Focus criteria for restoration planning

Priority Criteria

Interpretation

Higher  F1: Restores, rehabilitates,
replaces, or acquires the
equivalent of injured natural
resources.

Restoration/rehabilitation is preferred. Projects that benefit natural
resources on site (within or adjacent to the Tittabawassee River
system) are preferred. Acquisition of the equivalent is least
preferred.

Medium F2: Addresses/incorporates
restoration of targeted natural
resources and services as
documented by Trustee
mandates and priorities.

Priorities will be based on the resource types injured and degree of
injury. Targeted resources include fish and wildlife and their
habitats with emphasis on dynamic floodplain/riverine habitats,
habitat continuity, water quality, soil and sediment quality, public
game/wildlife/recreation areas, threatened and endangered species,
native species, important food-web species, recreationally
significant species, and culturally significant resources.

Lower  F3: Targets resources or
services that are unable to
recover to baseline® without
restoration action, or that will
require a long time to recover
naturally (e.g., > 25 years).

Projects that target resources/services that will be slow to recover
will be favored over projects that target resources/services that
will recover quickly naturally.

a. Baseline is the state of natural resources

and services that would exist if hazardous substances being

addressed in this assessment had never been released.

Table 5.4 Implementation criteria for restoration planning

Priority Criteria

Interpretation

High I1: Is cost-effective, including
planning, implementation, and

Projects are preferred that have a high ratio of expected
benefits to expected cost. Projects will be evaluated relative to

long-term operation, maintenance, other projects that benefit the same resource. Cost-sharing,

and monitoring activities.

e.g., for monitoring or maintenance, will be considered in
evaluating expected costs.

High 12: Benefits can be measured for  Projects will be evaluated in terms of whether the benefits can
success by evaluation/comparison  be quantified and the success of the project determined.
to baseline, and can be scaled to  Projects can be scaled to provide restoration of appropriate
the appropriate level of resource  magnitude. Small projects that provide only minimal benefit

injury or loss.

relative to lost injury/service or larger projects that cannot be
appropriately reduced in scope are less favored.

Medium 13: Uses established, reliable
methods/technologies known to

Projects will be evaluated for their likelihood of success given
the proposed methods. Factors that will be considered include

have a high probability of success. whether the proposed technique is appropriate to the project,

whether it has been used before, and whether it has been
successful. Projects incorporating experimental methods,
research, or unproven technologies will be given lower
priority.
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Table 5.4 Implementation criteria for restoration planning (cont.)

Priority Criteria Interpretation

Medium 14: Takes into account completed, Projects that restore or enhance habitat impacted by response
planned, or anticipated response  actions will be preferred over those not associated with
actions. response actions. Projects proposed in areas likely to be

impacted by response actions must be coordinated with
response actions to provide cost savings and to take advantage
of the availability of mobilized equipment on site during
response actions, if possible, and to avoid damage to the
restoration project by any subsequent response actions.

Medium I5: If the project involves source  Projects that address source control will be evaluated in terms
control, it reduces exposure of of the extent to which they reduce exposure to hazardous
natural resources to hazardous substances, including by reducing volume, mobility, and/or
substances, including reduction of toxicity.
the volume, mobility, and/or

toxicity.
Lower  16: Is consistent with regional Project will be evaluated for consistency with regional
planning. planning, especially planning that has been publicly reviewed

and/or formally adopted. Examples of relevant regional plans
include species recovery plans and fish and wildlife
management plans.

Table 5.5. Benefit criteria for restoration planning

Priority Criteria Interpretation

Higher  B1: Provides the greatest  Projects that benefit more than one injured resource or service will be
scope of ecological, given priority. Projects that avoid or minimize additional natural
cultural, and economic resource injury, service loss, or environmental degradation will be

benefits to the largest area  given priority.
or population.

Higher  B2: Provides benefits not  Preference is given to projects that are not already being
being provided by other implemented or have no planned funding under other programs.
restoration projects being  Although the Trustees will use restoration-planning efforts by other
implemented/funded under programs, preference is given to projects that would not otherwise be

other programs. implemented without NRDA restoration funds.

Medium B3: Aims to achieve A restoration program should benefit low-income and ethnic
environmental equity and  populations (including Native Americans) in proportion to the
environmental justice. impacts to these populations. A restoration program should not have

disproportionate high costs or low benefits to low-income or ethnic
populations. Further, where there are specific service injuries to these
populations, such as impacts on subsistence fishing, restoration
programs should target benefits to these populations.

Lower  B4: Maximizes the time Projects that provide benefits sooner are preferred. Projects that
over which benefits accrue. provide longer-term benefits are preferred.
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5.3.3 Restoration opportunities

The natural resource trustees are developing a list of potential restoration ideas and projects
within the TRSAA. Examples of the types of projects that have been identified to date include
wetland restoration/enhancement, species restoration, and fish passage/dam removal projects.
Public input is solicited, and may be provided to the Trustees using the contact information
provided in Section 1.6.

5.4 Scaling Restoration Gains to Losses Caused by Injuries

A damage determination is intended to “establish the amount of money to be sought in
compensation for injuries to natural resources resulting from a . . . release of a hazardous
substance” [43 CFR § 11.80(b)]. Damages are defined as “. . . the amount of money sought by
the natural resource trustee as compensation for injury, destruction, or loss of natural resources
as set forth in Section 107(a) or 111(b) of CERCLA” [43 CFR 8§ 11.14(l)]. Generally damages
include:

4 The cost or value of sufficient restoration to accelerate the return to baseline

4 The cost or value of restoration to offset losses between the time of release and the time
when baseline conditions are restored (“compensable value”)

» The cost to undertake the assessment process.

Compensable values of the injuries to natural resources and services lost to the public accrue
from the time of discharge or release until the attainment of the restoration, replacement, and/or
acquisition of the equivalent of the resources and their services to baseline. Past damages are
those that accrue from the earliest point that injuries from releases can be determined, or
authorization of the statute (1976 for the CWA and December 1980 for CERCLA), up to the
present. However, recovery of past damages may be subject to certain limitations, including the
history of data collection at the site. Current and future damages are those that accrue from the
present until the resource and its services return or are restored to baseline conditions. Future
damages can include interim damages (from the present until restoration actions are completed),
and residual damages (ongoing damages that accrue after restoration activities have ceased if
restoration did not fully restore natural resources services to baseline levels).

Figure 5.2 depicts how injuries (and lost services and values) accumulate over time for a
hypothetical scenario. Losses accrue for as long as natural resources and services remain below
baseline conditions. Thus, in Figure 5.2, the total losses are quantified as the present value of the
sum of Areas A, B, C, D, and E. Area A represents unmitigated natural resource injuries that are
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Figure 5.2. Timeline of injuries and damages.

getting worse over time. Then, response actions that may be focused on reducing human health
risk, continuing injuries, and damages are represented by Areas B and C. Subsequently,
remediation and restoration activities can further reduce injuries and damages, and close the gap
between the injured level of services and baseline services (Area D). Finally, Area E represents
any residual losses that may exist after remediation and restoration.

Trustees can consider a variety of methods that determine the amount of restoration, the cost of
restoration, or the value of restoration needed to return resources and services to baseline
conditions and compensate the public for interim losses. The Trustees’ damage determination
will quantify the link between the injury and pathway determination and the restoration
evaluation described previously in this plan. There are several methods of determining damages,
including:

The cost of sufficient restoration based on resource-to-resource scaling
The cost of sufficient restoration based on habitat-to-habitat scaling
The value of losses caused by injuries to natural resources

The value of gains caused by sufficient restoration to offset losses.

v v VvV
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5.5 Development of the Restoration and Compensation
Determination Plan

Federal regulations at 43 CFR § 11.81 provide that the Trustees should prepare an RCDP. The
RCDP:

4 Lists a reasonable number of alternatives for restoration, rehabilitation, replacement, or
acquisition of equivalent resources and the related services lost to the public associated
with each

» Selects one of the alternatives (a single “alternative” can include a combination of

projects or project types)
» Gives the rationale for selecting that alternative

4 ldentifies methods to be used to determine the cost of the selected alternative and the
compensable value of services lost to the public.

An RCDP contains both assessment results (i.e., Trustee determinations about restoration
alternatives) and assessment planning elements (i.e., identification of compensable valuation
methods). Therefore, though the regulations identify the RCDP as part of the Assessment Plan,
Trustees often do not publish an RCDP until after the injury determination and quantification
phases of the assessment are complete. In some cases, both an initial RCDP and a final RCDP
are published to allow assessment-planning elements of the RCDP to precede assessment result
elements of the RCDP. This plan will contain elements of an initial RCDP (this section and
Section 5.3); however, determination of a preferred alternative for the final RCDP will be
published after sufficient pathway, injury, restoration planning, and restoration-scaling
determinations have been completed by the Trustees.

5.6 New TRSAA-Specific Assessment Studies Being Considered by
the Trustees

This section proposes initial studies for the NRDA. Before initiating any data collections at the
TRSAA, relevant existing data will be thoroughly reviewed.
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5.6.1 Restoration planning

The Trustees have developed restoration criteria, pursuant to federal regulations at 43 CFR
Part 11, as described in Section 5.3. The Trustees are working cooperatively with Dow to
identify natural resource restoration opportunities in the TRSAA that could be used to address
natural resources damages, which are also consistent with the mandates and priorities of the
Trustees natural resource management authorities. The criteria described in Section 5.3 will be
applied to the collected restoration projects and ideas. Furthermore, the Trustees intend to
categorize and prioritize relevant restoration opportunities, including identifying methods to
compare the benefits of different categories, and of different projects within a given category.

5.6.2 Biological and ecological injuries
Analysis of ongoing biological injury studies led by Dow

The Trustees intend to evaluate ongoing work already being led by Dow to determine its
relevance for determining current pathways and current biological injuries, particularly as caused
by dioxins and furans released by Dow. The Trustees expect that some of the data will be
relevant to the assessment of damages within the TRSAA. The Trustees intend to work
cooperatively with Dow to ensure that the ongoing studies maximize their relevance to the
assessment. For example, the Trustees are currently proposing a cooperative study to extend
some of the biological work that Dow has conducted on passerine bird return rates at nest boxes
within the Tittabawassee River floodplain. The extension of the study will help Trustees develop
a better understanding of longer-term trends in bird return rates. The Trustees also intend to
analyze data and results in the context of current pathways and injuries within the TRSAA
caused by dioxins and furans released by Dow. Finally, the Trustees intend to determine whether
additional studies should be conducted to address key questions about current pathways and
biological injuries caused by dioxins and furans released by Dow. For example, the Dow studies
are focused on population-level endpoints. The Trustees are currently evaluating the need for
studies that address more sensitive endpoints, such as cardiac malformations in birds, which may
indicate biological injury that would otherwise not be captured by the Dow studies. The Trustees
also intend to carefully review the data that have been collected to date on mink, and determine if
additional studies are warranted to address the level of uncertainty that remains unresolved with
regards to whether mink of the Tittabawassee floodplain have suffered injuries as a result of
exposure to dioxins and furans.
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5.6.3 Analysis of past injuries and future trajectories of injuries

The Trustees intend to evaluate past pathways and injuries caused by hazardous substances
(including, but not limited to, dioxins and furans) released from the Dow Midland plant to the
TRSAA. This analysis may be done cooperatively or independently. The purpose of this analysis
will be to help determine past natural resource damages that occurred from 1976 (which is when
the NRDA provisions of the CWA were enacted) or December 1980 (which is when CERCLA
was enacted) until the present, and to help determine future trajectories of ongoing injuries.

The Trustees expect to use three primary kinds of information to conduct this analysis:
information about the history of chemical production and waste management at the Midland
plant; information about the physical dynamics of the TRSAA (e.g., the hydrodynamics of the
Tittabawassee River); and relevant and reliable chemical concentration data from all relevant
time periods and in all relevant media. The Trustees will be examining existing datasets for those
best suited to form the basis of long-term monitoring of exposure, injury, and recovery and
working with others to ensure that these monitoring efforts are continued. Data from the studies
described above will be included if they are available, relevant, and reliable. The Trustees may
also evaluate historical benthic invertebrate survey data, and consider conducting a new survey if
necessary, to aid in the evaluation of injuries caused by hazardous substances in the TRSAA.

5.6.4 Determining the scope of economic studies to measure damages related to advisories
Analysis of the geographical extent of potential economics studies

The Trustees intend to analyze the geographical scope for potential economic studies of damages
related to advisories. This analysis will address all types of advisories (fish consumption, wildlife
consumption, and soil contact) in the Tittabawassee River and floodplain, Saginaw River and
floodplain, and Saginaw Bay. If conducted cooperatively, pursuant to the funding and
participation agreement, the Trustees intend to identify and assimilate relevant information and
to determine the methods of analyses in cooperation with Dow. If not approved as a cooperative
study, the Trustees intend to conduct this analysis independently.

Analysis of whether potential economics studies should focus on recreational use or
total values

The Trustees intend to propose to Dow a cooperative study to analyze whether damages related
to advisories in the TRSAA should be measured as recreational use values or total values. This
analysis will also evaluate whether economic studies should use dollars, restoration actions, or
both as metrics. If approved as a cooperative study, pursuant to the funding and participation
agreement, the Trustees intend to identify and assimilate relevant information and to determine
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the methods of analyses in cooperation with Dow. If not approved as a cooperative study, the
Trustees intend to conduct this analysis independently.

5.6.5 Economic study to measure damages related to advisories

The Trustees intend to propose to Dow a cooperative study to measure economic damages
resulting from advisories caused by releases of dioxins and furans by Dow. The study approach
is in part based on, and is consistent with, discussions of the human services technical
workgroup, which includes representation from the Trustees and Dow. The study will address
the losses to area residents and visitors due to FCAs, wild game consumption advisories, and soil
advisories issued by the State of Michigan in response to hazardous substances, including those
released by Dow.

The proposed tasks will take into consideration the breadth of activities affected by the
advisories and the potentially significant losses associated with their impacts on the public’s use
of natural resources. Preliminary data indicate that a substantial number of fishing and hunting
trips have potentially been affected and may continue to be affected by the presence of
consumption advisories. In addition, dioxin and furan contamination from the Dow facility may
affect visits to local parks and other recreation access areas, as well as backyard activities for
local residents. Previous studies indicate that many members of the public who engage in
outdoor activities choose to avoid areas where they may be exposed to environmental
contaminants, or make other changes in their use of resources to minimize their potential
exposure. These changes in behavior correspond to a loss in human services provided by the
natural resources and a loss in public value, which have been found to be significant in many
previous assessments.

The proposed tasks will furthermore take into consideration the limited availability of existing
data sources that specifically address the circumstances of the TRSAA assessment. In particular,
impacts to hunting from toxic contamination in wild game and impacts to outdoor recreation and
backyard use due to soil contamination have not previously been addressed in valuation studies
at other sites. While lost value to fishing from consumption advisories has been studied, an
evaluation of fishing losses based solely on previous analyses at other sites would involve
uncertainties that could be significant if the magnitude of losses is large. In addition, an
assessment based solely on studies conducted at other sites would not specifically assist with
restoration planning or the development of a restoration-based claim for this site.

This proposed study of lost value from fishing, hunting, and soil advisories in the TRSAA would
be based on a survey and include a “revealed-preference” component based on the site-choice
and trip-frequency decisions of participants in outdoor recreation throughout the region. It would
also include a “stated-preference” component to specifically elicit from members of the public
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their values and preferences regarding contamination in the affected area. The use of these
complementary data sources allows for rigorous analysis of values derived from economic
behavior while using researcher-designed choice scenarios to overcome the limitations in the
precision and scope of a solely behavior-based study.
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6. Quality Assurance Project Plan

This QAPP has been developed to support studies that may be performed as part of the TRSAA
NRDA. Under the NRDA regulations [43 CFR 8 11.31], the QAPP is required to develop
procedures to ensure data quality and reliability. This QAPP is intended to provide quality
assurance/quality control (QA/QC) procedures, guidance, and targets for use in future studies
that may be conducted for the NRDA. It is not intended to provide a rigid set of predetermined
steps with which all studies must conform or against which data quality is measured, nor is it
intended that data available from other sources for use in the NRDA must adhere to each of the
elements presented in this QAPP. Ultimately, the quality and usability of data are based on
methods employed in conducting studies, the expertise of study investigators, and the intended
uses of the data. The QAPP has been designed to be consistent with the NCP and EPA’s
Guidelines and Specifications for Preparing Quality Assurance Project Plans (U.S. EPA, 1998).

The elements outlined in this plan are designed to:

» Provide procedures and criteria for maintaining and documenting custody and traceability
of environmental samples

» Provide procedures and outline QA/QC practices for the sampling, collection, and
transporting of samples

» Outline data quality objectives (DQOs) and data quality indicators

» Provide a consistent and documented set of QA/QC procedures for the preparation and
analysis of samples

» Help ensure that data are sufficiently complete, comparable, representative, unbiased, and
precise so as to be suitable for their intended uses.

Before the implementation of NRDA studies, study-specific sampling and analysis plans (SAPs)
providing descriptions of study objectives, sampling methods, and QA/QC measures will be
developed. To provide an ongoing record of methods and procedures employed in the
assessment, developed SAPs will be appended to this QAPP. SAPs will be developed and
updated as methods and procedures are reviewed and accepted for use.
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6.1 Project Organization and Responsibility

An example of project QA organization, including positions with responsibility for supervising
or implementing QA activities, is shown in Figure 6.1, with key positions and lines of
communication and coordination indicated. Defining project organization, roles, and
responsibilities helps ensure that individuals are aware of specific areas of responsibility that
contribute to data quality. However, fixed organizational roles and responsibilities are not
necessary and may vary by study or task. Descriptions of specific QA responsibilities of key
project staff are included below. Only the project positions related directly to QA/QC are
described; other positions may be described in associated project plans. Specific individuals and
laboratories selected to work on an investigation will be summarized and appended to this QAPP
or included in study-specific SAPs when they are established.

Assessment Manager]

-
Project Data Quality External QA
Manager Manager Reviewer

Study Principal
Investigator

Field Staff Laboratories
Field Team Leader Lab Project Manager
Health & Safety Officer Lab Quality Assurance Officer
Technical Staff Technical Staff

Figure 6.1. Example of project quality assurance organization.
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6.1.1 Assessment Manager and Project Manager

The Assessment Manager (AM) is responsible for all technical, financial, and administrative
aspects of the project. The Project Manager (PM) supports the AM and is responsible for
producing quality data and work products for this project within allotted schedules and budgets.
Duties of both include executing all phases of the project and efficiently applying the full
resources of the project team in accordance with the project plans. Specific QA-related duties of
the AM and the PM can include:

» Coordinating the development of a project scope, project plans, and DQOs

4 Ensuring that written instructions in the form of SOPs and/or associated SAPs are
available for activities that affect data quality

4 Monitoring investigative tasks for their compliance with plans, written procedures, and
QC criteria
4 Monitoring the performance of subcontractors in regard to technical performance and

specifications, administrative requirements, and budgetary controls

4 Participating in performance and/or systems audits and monitoring the implementation of
corrective actions

4 Reviewing, evaluating, and interpreting data collected as part of this investigation
» Supervising the preparation of project documents, deliverables, and reports
4 Verifying that all key conclusions, recommendations, and project documents are

subjected to independent technical review, as scheduled in the project plans.

6.1.2 Data Quality Manager

A Data Quality Manager can be assigned to be responsible for the overall implementation of the
QAPP. General duties include conducting activities to ensure compliance with the QAPP,
reviewing final QA reports, training field staff in QA procedures, providing technical QA
assistance, preparing and submitting QA project reports to the AM and PM, conducting and
approving corrective actions, and conducting audits, as necessary. Specific tasks may include:
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4 Assisting the project team with the development of DQOs

» Managing the preparation of and reviewing data validation reports
4 Submitting QA reports and corrective actions to the PM
» Ensuring that data quality, data validation, and QA information are complete and are

reported in the required deliverable format
» Communicating and documenting corrective actions
4 Maintaining a copy of the QAPP
» Supervising laboratory audits and surveillance

4 Ensuring that written instructions in the SOPs and SAPs are available for activities that
affect data quality

4 Monitoring investigative tasks for their compliance with plans, written procedures, and
QC criteria
4 Monitoring the performance of subcontractors in regard to technical performance and

specifications, administrative requirements, and budgetary controls

4 Reviewing, evaluating, and interpreting data collected as part of this investigation.

6.1.3 External QA Reviewer

If needed, external QA Reviewers can be assigned to review QA documentation and procedures,
perform data validation, and perform field and laboratory audits.

6.1.4 Principal Investigator

Study-specific Principal Investigators (PIs) ensure that QA guidance and requirements are
followed. The PI or the designee will note significant deviations from the QAPP for the study.
Significant deviations will be recorded and promptly reported to the PM and Data Quality
Manager. In addition, the PI typically is responsible for reviewing and interpreting study data
and preparing reports.
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6.1.5 Field Team Leader

The Field Team Leader (FTL) supervises sample collection, field observations, field
measurements, and other day-to-day field investigation tasks. The FTL generally is responsible
for all field QA procedures defined in the QAPP, and in associated SAPs and SOPs. Specific
responsibilities may include:

»
4

Implementing the field investigation in accordance with project plans

Supervising field staff and subcontractors to monitor that appropriate sampling, testing,
measurement, and recordkeeping procedures are followed

Ensuring the proper use of SOPs associated with data collection and equipment operation

Monitoring the collection, transport, handling, and custody of all field samples, including
field QA/QC samples

Coordinating the transfer of field data, including field sampling records, chain of custody
(COC) records, and field logbooks

Informing the Pl and Data Quality Manager when problems occur, and communicating
and documenting any corrective actions that are taken.

6.1.6 Laboratory Project Manager

A Laboratory Project Manager can be responsible for monitoring and documenting the quality of
laboratory work. Duties may include:

»

Ensuring that the staff and resources required to produce quality results in a timely
manner are committed to the project

Ensuring that the staff are adequately trained in the procedures that they are using so that
they are capable of producing high quality results and detecting situations not within the
QA limits of the project

Ensuring that the stated analytical methods and laboratory procedures are followed and
the laboratory’s compliance is documented

Maintaining a laboratory QA manual and documenting that its procedures are followed

Ensuring that laboratory reports are complete and reported in the required deliverable
format
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4 Communicating, managing, and documenting all corrective actions initiated at the
laboratory
4 Notifying the Data Quality Manager, within one working day of discovery at the

laboratory, of any situations that will potentially result in qualification of analytical data.

6.1.7 Technical staff

Technical staff should have adequate education, training, and specific experience to perform
individual tasks as assigned. They are required to read and understand any documents describing
the technical procedures and plans that they are responsible for implementing.

6.2 Quality Assurance Objectives for Measurement Data
6.2.1 Overview

QA objectives are qualitative and quantitative statements that aid in specifying the overall
quality of data required to support various data uses. These objectives often are expressed in
terms of accuracy, precision, completeness, comparability, representativeness, and sensitivity.
Laboratories involved with the analysis of samples collected in support of this NRDA will make
use of various QC samples such as standard reference materials (SRMSs), matrix spikes, and
replicates to assess adherence to the QA objectives discussed in the following sections and in
specific laboratory QA/QC plans. The overall QA objectives are to help ensure that the data
collected are of known and acceptable quality for their intended uses. Field and laboratory QC
targets for chemical analyses, frequency, applicable matrices, and acceptance criteria are listed in
Table 6.1.

Numeric QC criteria are specific to a study, method, or laboratory, and hence criteria are not
included in this QAPP. When appropriate, criteria can be established when study and method
procedures are approved; such criteria will be appended to this QAPP or included in study-
specific SAPs. Criteria will be determined based on factors that may include:

Specific analytical methods and accepted industry standards of practice
Matrix-specific control limits for acceptable sample recovery, accuracy, or precision
Historical laboratory performance of selected analytical methods

Intended uses of the data.

v v VvwWVw
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Table 6.1. Laboratory and field quality control sample targets for chemical analyses
Target acceptance

QC element Target frequency Applicable matrices criteria
Method blank 1in 20 samples S, SW, T Method dependent
Laboratory duplicate 1in 20 samples S, SW, T Method dependent
Matrix spike 1in 20 samples S, SW, T Method dependent
Standard reference material 1in 20 samples S, SW, T Method dependent
Equipment blank 1in 20 samples SW Study dependent
Field duplicate 1in 20 samples S, SW, T Study dependent
Surrogates All samples for S, SW, T Method dependent
organics analysis
Laboratory control sample 1in 20 samples S, SW, T Method dependent

S = sediment; SW = surface water; T = tissue.

Where statistically generated or accepted industry standards of practice are not available,
QC criteria may be defined by the Data Quality Manager working with the Laboratory
QA Officer and Pls.

6.2.2 Quality control metrics
Accuracy

Accuracy is a quantitative measure of how close a measured value lies to the actual or “known”
value. Sampling accuracy is partially evaluated by analyzing field QC samples such as field
blanks, trip blanks, and rinsates (or equipment blanks). In these cases, the “true” concentration is
assumed to be not detectable, and any detected analytes may indicate a positive bias in associated
environmental sample data.

Laboratory accuracy is assessed using sample (matrix) spikes and other QC samples. For
example, a sample (or blank) may be spiked with an inorganic compound of known
concentration and the average percent recovery (%R) calculated as a measurement of accuracy.
A second procedure is to analyze a standard (e.g., SRMs or other certified reference materials)
and calculate the %R for that known standard. As an additional, independent check on laboratory
accuracy, blind SRMs submitted as field samples may be used.
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Accuracy criteria are established statistically from historical performance data, and often are
based on confidence intervals set about the mean. Where historical data are not adequate for
statistical calculations, criteria may be set by the Laboratory Project Manager, Data Quality
Manager, and Pls. Accuracy criteria will be appended to this QAPP or included in study-specific
SAPs when established. Accuracy may be assessed during the data validation or data quality
assessment stage of these investigations.

Precision

Precision is a measure of the reproducibility of analytical results under a given set of conditions.
The overall precision of a set of measurements is determined by both sampling and laboratory
variables. Reproducibility is affected by sample collection procedures, matrix variations, the
extraction procedure, and the analytical method.

Field precision typically is evaluated using sample replicates, which are usually duplicate or
triplicate samples. Sample replicates may be generated by homogenizing the sample, splitting the
sample into several containers, and initiating a blind submittal to the laboratory with unique
sample numbers. For a duplicate sample, precision of the measurement process (sampling and
analysis) is expressed as:

2(Duplicate Sample Result - Sample Result) «

Relative Percent Difference (RPD) = -
(Duplicate Sample Result + Sample Result)

For a triplicate analysis, precision of the sampling and analysis process is expressed as:

Percent Relative Standard Deviation (% RSD) = I\;T—”'l x 100,
ean

where c,.1 is the standard deviation of the three measurements.

Laboratory precision typically is evaluated using laboratory duplicates, matrix spike duplicates,
or laboratory control sample or SRM duplicate sample analysis. Duplicates prepared in the
laboratory are generated before sample digestion. Laboratory precision is also expressed as the
RPD between a sample and its duplicate, or as the %RSD for three values.

Precision criteria are established statistically from historical performance data, and are usually
based on the upper confidence interval set at two standard deviations above the mean. Where
historical data are not adequate for statistical calculations, criteria may be set by the Laboratory
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Project Manager, Data Quality Manager, and Pls. Precision criteria will be appended to this
QAPP or included in study-specific SAPs, when established.

Completeness

Completeness is defined as the percentage of measurement data that remain valid after
discarding any invalid data during the field or laboratory QC review process. A completeness
check may be performed following a data validation process. Analytical completeness goals may
vary depending on study type, methods, and intended uses of the data.

Analytical data completeness will be calculated by analyte. The percent of valid data is 100 times
the number of sample results not qualified as unusable divided by the total number of samples
analyzed. Data qualified as estimated because of minor QC deviations (e.g., laboratory duplicate
RPD exceeded) will be considered valid.

Comparability

Comparability is a qualitative parameter expressing the confidence with which one dataset can
be compared to another. Comparability is facilitated by use of consistent sampling procedures,
standardized analytical methods, and consistent reporting limits and units. Data comparability is
evaluated using professional judgment.

Representativeness

Representativeness expresses the degree to which data accurately and precisely represent a
defined or particular characteristic of a population, parameter variations at a sampling point, a
processed condition, or an environmental condition. Representativeness is a qualitative
parameter that is dependent on the proper design of the sampling program and proper laboratory
protocol. Sampling designs for this investigation will be intended to provide data representative
of sampled conditions. During development of SAPs and SOPs, consideration will be given to
existing analytical data, environmental setting, and potential industrial sources.
Representativeness will be satisfied by ensuring that the sampling plan is followed.

Sensitivity

Detection limit targets for each analyte and matrix will be appended to this QAPP or included in
study-specific SAPs as they are established.
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6.3 Sampling Procedures
6.3.1 Sample collection

Samples are collected and handled in accordance with the procedures contained in SOPs or
associated SAPs. These documents describe sample collection, handling, and documentation
procedures to be used during field activities. As appropriate, SOPs and SAPs may cover the
following topics:

4 Procedures for selecting exact sample locations and frequency of collection
» Sampling equipment operation, decontamination, and maintenance
4 Sample collection and processing, which includes sample collection order and

homogenization procedures, sample containers, and volume required

» Field QC sample and frequency criteria
» Sample documentation, including COC and field documentation forms and procedures
» Sample packaging, tracking, storage, and shipment procedures.

6.3.2 Sample containers, preservation, and holding times

Containers will be prepared using EPA specified or other professionally accepted cleaning
procedures. Analysis statements for containers prepared by third-party vendors will be included
in the project file. Since the investigations involved with this NRDA may involve samples not
amenable to typical environmental sample containers (such as whole body tissue samples),
multiple types of containers may be required. Sample containers may include aluminum foil and
watertight plastic bags for tissue samples and whole body samples.

When appropriate, sample coolers will contain refrigerant in sufficient quantity to maintain
samples at the required temperatures until receipt at the laboratories.

6.3.3 Sample identification and labeling procedures

Before transportation, samples should be properly identified with labels, tags, or markings.

Identification and labeling typically includes, but need not be limited to, the following
information:
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Project identification

Place of collection

Sample identification

Analysis request

Preservative

Date and time of collection

Name of sampler (initials)

Number of containers associated with the sample.

vV vV Vv vVvVvVw

6.3.4 Field sampling forms

Field sampling forms should be described in the appropriate SOP or associated SAP, and be
designed for ease of use in the field and for completeness of documentation. Forms typically
must be completed in the field at the same time as the sample label. At a minimum, date, time,
sampler’s initials, location, and other specific field observations should be completed at the time
of sampling. The FTL should review the field sampling forms, make any necessary corrections,
and initial them as approved.

6.3.5 Sample storage and tracking

In the field, samples may be stored temporarily in coolers with wet or dry ice (as appropriate).
Security should be maintained and proper storage should be documented in the project field
notebook. Samples stored temporarily in coolers should be transported to a storage facility as
soon as logistically possible. When possible, samples will be shipped directly to the appropriate
laboratories from the field.

Samples will be stored under appropriate conditions at the storage facility or laboratory
(refrigerator or freezer) before analysis. Security should be maintained at all times. A log book or
inventory record typically is maintained for each sample storage facility refrigerator or freezer.
The log books or inventory records are used to document sample movement in and out of the
facility. In general, samples will be placed into a freezer and information regarding sample
identification, matrix, and study will be recorded. Additional information in the record for each
sample may include the date of the initial storage, subsequent removal/return events with
associated dates, and initials of the person(s) handling the samples. Additional information may
also include study name and special comments. If required, unused samples or extra samples will
be archived in a secure location under appropriate holding conditions to ensure that sample
integrity is maintained.
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Documentation should allow for unambiguous tracking of the samples from the time of
collection until shipment to the laboratory. The tracking system should include a record of all
sample movement and provide identification and verification (initials) of the individuals
responsible for the movement.

6.3.6 Geographic data collection

The usefulness of field data is often greatly enhanced by the collection of geographic data for
each sample location. Sample locations should all be given distinct names and documented. If
possible, a global positioning system (GPS) will be used to document the exact coordinates of
each sample location. Field personnel should be trained on how to properly use the GPS and
record necessary supplemental information such as the datum and units of measurement.

6.4 Sample Custody

COC procedures are adopted for samples throughout the field collection, handling, storage, and
shipment process. Each sample will be assigned a unique identification label and have a separate
entry on a COC record. A COC record should accompany every sample and every shipment to
document sample possession from the time of collection through final disposal.

6.4.1 Definition of custody

A sample is defined as being in a person’s custody if one of the following conditions applies:

» The sample is in the person’s actual possession or view

» The sample was in the person’s possession and then was locked in a secure area with
restricted access

4 The person placed it in a container and sealed the container with a custody seal in such a
way that it cannot be opened without breaking the seal.
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6.4.2 Procedures

The following information typically will be included on COC forms:

4 Place of collection
» Laboratory name and address
4 Sample receipt information (total number of containers, whether COC seals are intact,

whether sample containers are intact, and whether the samples are cold when received)

» Signature block with sufficient room for “relinquished by” and “received by” signatures
for at least three groups (i.e., field sampler, intermediate handler, and laboratory)

4 Sample information (e.g., field sample identifier, date, time, matrix, laboratory sample
identifier, and number of containers for that sample identifier)

» Name of the sampler

» Airbill number of overnight carrier (if applicable)

4 Disposal information (to track sample from “cradle to grave”)
» Block for special instructions

4 Analysis request information.

The sample identification, date and time of collection, and request for analysis on the sample
label should correspond to the entries on the COC form and in associated field log books or
sampling forms.

Responsibility for reviewing the completed COC forms lies with the Data Quality Manager or
designated representative. Any inconsistencies, inaccuracies, or incompleteness in the forms
must be brought to the attention of the field staff completing the form. Corrective action should
be taken and documented if the problem is significant. Depending on the problem, this may
involve informing the laboratory that a sample ID or analysis request needs to be changed, or
notifying the FTL that retraining of field staff in COC procedures is indicated. The corrective
action and its outcome should be documented.
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6.5 Analytical Procedures

Analytical methods will be consistent with, or equivalent to, EPA methods or some other
commonly accepted or approved method, as approved by the Data Quality Manager. All
laboratory equipment and instruments will be operated, maintained, calibrated, and standardized
in accordance with EPA-accepted or manufacturer’s practices.

Laboratory method detection limit (MDL) studies should be conducted for each matrix per
analytical method, according to specifications described in 40 CFR Part 136 or other comparable
professionally accepted standards. The MDL is a statistically derived, empirical value that may
vary.

Laboratory QC samples, which include a method blank, replicate (matrix spike or duplicate)
analyses, laboratory control sample, and SRM, will be performed at a target frequency of 1 per
20 samples per matrix per analytical batch. Method blanks should be free of contamination of
target analytes at concentrations greater than or equal to the MDL, or associated sample
concentrations should be greater than 10 times the method blank values. The matrix spike/matrix
spike duplicate and laboratory control sample analyses should meet the specific accuracy and
precision goals for each matrix and analytical method.

6.6 Calibration Procedures and Frequency

This section provides information on general calibration guidelines for laboratory and field
methods.

6.6.1 Laboratory equipment

All equipment and instruments used for laboratory analyses will be operated and maintained
according to the manufacturer’s recommendations, as well as by criteria defined in the
laboratory’s SOPs. Operation, maintenance, and calibration should be performed by personnel
properly trained in these procedures. Documentation of all routine and special maintenance and
calibration should be recorded in appropriate log books and reference files.

Calibration curve requirements for all analytes and surrogate compounds should be met before
sample analysis. Calibration verification standards, which should include the analytes that are
expected to be in the samples and the surrogate compounds, should be analyzed at a specified
frequency and should be within a percent difference or percent drift criterion.
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6.6.2 Field equipment

All equipment and instruments used to collect field measurements will be operated, maintained,
and calibrated according to the manufacturer’s recommendations and by criteria defined in
individual SOPs. Operation, calibration, and maintenance should be performed by personnel
properly trained in these procedures. Documentation of all routine and special maintenance and
calibration should be recorded in appropriate log books or reference files. Field instruments that
may be used include thermometers/temperature probes, scales, pH meters, dissolved oxygen
meters, and GPS units.

6.7 Data Validation and Reporting
6.7.1 General approach

Data generated by the laboratory and during field measurements may undergo data review and
validation by an External QA Reviewer. Laboratory data may be evaluated for compliance with
DQOs, with functional guidelines for data validation, and with procedural requirements
contained in this QAPP.

6.7.2 Data reporting

Laboratories should provide sufficient information to allow for independent validation of the
sample identity and integrity, the laboratory measurement system, the resulting quantitative and
qualitative raw data, and all information relating to standards and sample preparation.
Laboratories should provide a usable electronic version of their results in a common database
format.

6.7.3 Data review and validation of chemistry data

Data review is an internal laboratory process in which data are reviewed and evaluated by a
laboratory supervisor or QA personnel. Data validation is an independent review process
conducted by personnel not associated with data collection and generation activities. External
and independent data validation may be performed for selected sample sets as determined by the
PM and Data Quality Manager. Each data package chosen for review will be assessed to
determine whether the required documentation is of known and documented quality. This
includes evaluating whether:

» Field COC or project catalog records are present, complete, signed, and dated
» The laboratory data report contains required deliverables to document procedures.
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Two levels of data validation may be performed: full or cursory validation. Initial data packages
received for each sample matrix may receive full validation. This consists of a review of the
entire data package for compliance with documentation and QC criteria for the following:

Analytical holding times

Data package completeness

Preparation and calibration blank contamination

Initial and continuing calibration verifications

Internal standards

Instrument tuning standards

Analytical accuracy (matrix spike recoveries and laboratory control sample recoveries)
Analytical precision (comparison of replicate sample results)
Reported detection limits and compound quantitation

Review of raw data and other aspects of instrument performance
Review of preparation and analysis bench sheets and run logs.

VvV vV vV vV VVV VvV VY

Cursory validation may be performed on a subset of the data packages at the discretion of the
PM and Data Quality Manager. Cursory review includes the comparison of laboratory
summarized QC and instrument performance standard results to the required control limits,
including:

Analytical holding times

Data package completeness

Preparation and calibration blank contamination

Analytical accuracy (matrix spike recoveries and laboratory control sample recoveries)
Analytical precision (comparison of replicate sample results).

v vVvew

Both the full and the cursory validation will follow documented QC and review procedures as
outlined in the guidelines for data validation (U.S. EPA, 1998) and documented in validation and
method SOPs. Various qualifiers, comments, or narratives may be applied to data during the
validation process. These qualifier codes may be assigned to individual data points to explain
deviations from QC criteria and will not replace qualifiers or footnotes provided by the
laboratory. Data validation reports summarizing findings will be submitted to the Data Quality
Manager for review and approval.

Laboratory data will be evaluated for compliance with DQOs. Data usability, from an analytical
standpoint, may be evaluated during the data evaluation. The data users (the PI, PM, and AM)
will determine the ultimate usability of the data.
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6.8 Performance and System Audits

A Data Quality Manager or designee will be responsible for coordinating and implementing any
QA audits that may be performed. Checklists may be prepared that reflect the system or
components being audited, with references to source of questions or items on the checklist.
Records of all audits and corrective actions should be maintained in the project files.

6.8.1 Technical system audits

Technical System Audits (TSAS) are qualitative evaluations of components of field and
laboratory measurement systems, including QC procedures, technical personnel, and QA
management. TSAs involve a comparison of the activities described in the SAP and SOPs with
those actually scheduled or performed. Coordination and implementation of any TSAs will be
the responsibility of the Data Quality Manager or designee. TSAs determine if the measurement
systems are being used appropriately. TSAs are normally performed before or shortly after
measurement systems are operational, and during the program on a regularly scheduled basis.

Analytical data generation (laboratory audit)

Laboratory audits may be performed to evaluate if the laboratory is generating data according to
all processes and procedures documented in the associated SAPs, QAPP, SOPs, and analytical
methods. Laboratory audits may be performed by an External QA Reviewer, a Data Quality
Manager, or their designee.

Field audits

Field audits may be performed to determine whether field operations and sample collection are
being performed according to processes and procedures documented in the SAP, QAPP, and
SOPs.

6.8.2 Performance evaluation audits

Performance evaluation audits are quantitative evaluations of the measurement systems of a
program. Performance evaluation audits involve testing measurement systems with samples of
known composition or behavior to evaluate precision and accuracy, typically through the
analysis of SRMs. These may be conducted before selecting an analytical laboratory.
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6.9 Preventative Maintenance Procedures and Schedules

Preventative maintenance typically is implemented on a scheduled basis to minimize equipment
failure and poor performance. In addition to the scheduled calibration procedures described
above, the following procedures may be followed:

4 Thoroughly clean field equipment before returning to the office. The equipment generally
should be stored clean and dry.

» Replaceable components such as pH electrodes and dissolved oxygen membranes should
be inspected after and before each use, and replaced as needed to maintain acceptable
performance.

» Equipment that is malfunctioning or out of calibration will be removed from operation

until repaired or recalibrated.

6.10 Procedures Used to Assess Data Usability

Data usability is a function of study methods, investigator expertise and competence, and
intended uses. QA/QC procedures are designed to help ensure data usability but, in themselves,
neither ensure data usability nor — if not implemented — indicate that data are not useable or
valid. Data validity and usability will ultimately be determined by the PI, PM, and AM using
their best professional judgment. Independent data validation, consultations with Data Quality
Managers, and review of project-wide databases for data compatibility and consistency can be
used to support usability evaluations. The usability and validity of existing and historical data,
which were not collected pursuant to the QAPP presented in this Assessment Plan, will be
determined by the AM, PM, PIs, and Trustee technical staff using their best professional
judgment.

6.11 Corrective Actions
6.11.1 Definition

Corrective actions consist of the procedures and processes necessary to correct and/or document
situations where data quality and/or QA procedures fall outside of acceptance criteria or targets.
[These criteria/targets may be numeric goals such as those discussed in Section 6.2, or
procedural requirements such as those presented throughout the QAPP and other project
documents (e.g., SAPs and SOPs)].
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The goal of corrective action is to identify as early as possible a data quality problem and to
eliminate or limit its impact on data quality. The corrective action information typically is
provided to a Data Quality Manager for use in data assessment and long-term quality
management. Corrective action typically involves the following sequential steps:

Discovering any nonconformance or deviations from DQOs or the plan
Identifying the party with authority to correct the problem

Planning and scheduling an appropriate corrective action

Confirming that the corrective action produced the desired result
Documenting the corrective action.

v vvVvew

6.11.2 Discovery of nonconformance

The field personnel and bench-level analysts are responsible for initial identification of
nonconformance with procedures and QC criteria. Performance and system audits are also
designed to detect these problems. However, anyone who identifies a problem or potential
problem should initiate the corrective action process by, at the least, notifying a P1 or Data
Quality Manager of his or her concern.

Deviations from SAP, QAPP, and SOP procedures are sometimes required and appropriate
because of field or sample conditions. Such deviations should be noted in field or laboratory
logbooks and their effect on data quality evaluated by a Pl and Data Quality Manager.
Occasionally, procedural changes are made during an investigation because method
improvements are identified and implemented. Even though these procedural improvements are
not initiated because of nonconformance, they are procedural deviations and typically should be
documented.

6.11.3 Planning, scheduling, and implementing of corrective action

Appropriate corrective actions for routine problems may range from documentation of the
problem to resampling and reanalysis to the development of new methods, and depends on the
particular situation. When the corrective action is within the scope of these potential actions, the
bench-level analyst or the field staff can identify the appropriate corrective action and implement
it. Otherwise, the corrective action should be identified and selected by the PM, the FTL, the
Laboratory Manager, or the Data Quality Manager.
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6.11.4 Confirmation of the result

While a corrective action is being implemented, additional work dependent on the
nonconforming data should not be performed. When the corrective action is complete, the
situation should be evaluated to determine if the problem was corrected. If not, new corrective
actions should be taken until no further action is warranted, either because the problem is now
corrected or because no successful corrective action has been found.

6.11.5 Documentation and reporting

Corrective action documentation may consist of the following reports or forms:

4 Corrective action forms initiated by project staff that will be collected, evaluated, and
filed by the Data Quality Manager

» Corrective action log maintained by the Data Quality Manager to track the types of
nonconformance problems encountered and successful completion of corrective actions

4 Corrective action plans, if needed, to address major nonconformance issues
» Performance and systems audit reports, if such audits are performed
4 Corrective action narratives included as part of data reports from independent

laboratories

4 Corrective action forms initiated by laboratory staff and summarized in the report
narrative.

6.11.6 Laboratory-specific corrective action

The need for corrective action in the analytical laboratory may originate from several sources:
equipment malfunction, failure of internal QA/QC checks, method blank contamination, failure
of performance or system audits, and/or noncompliance with QA requirements. When
measurement equipment or analytical methods fail QA/QC checks, the problem should
immediately be brought to the attention of the appropriate laboratory supervisor in accordance
with the laboratory’s SOP or Quality Assurance Manual. If the failure is due to equipment
malfunction, the equipment should be repaired, the precision and accuracy should be reassessed,
and the analysis rerun.
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All incidents of QA failure and the corrective action tasks should be documented, and reports
should be placed in the appropriate project file. Corrective action should also be taken promptly
for deficiencies noted during spot checks of raw data. As soon as sufficient time has elapsed for a
corrective action to be implemented, evidence of correction of deficiencies should be presented
to a Data Quality Manager or PI.

Laboratory corrective actions may include, but are not limited to:

Reanalyzing the samples, if holding time criteria permit and if sample volume is available
Resampling and analyzing

Evaluating and amending sampling analytical procedures

Accepting data and acknowledging the level of uncertainty.

v v VvwWVw

Page 6-21
SC11317



References

Albert, D.A. 1995. Regional Landscape Ecosystems of Michigan, Minnesota, and Wisconsin: A
Working Map and Classification. Gen. Tech. Rep. NC-178. U.S. Department of Agriculture,
Forest Service, North Central Forest Experiment Station, St. Paul, MN. Northern Prairie Wildlife
Research Center Online, Jamestown, ND. Available:
http://www.npwrc.usgs.gov/resource/habitat/rlandscp/index.htm. Accessed 8/2007.

Amendola, G. 1987. Native Fish Survey on the Tittabawassee River. Dow Chemical.
Communication from R.M. Croyle, Manager, Environmental Services, to Gary Amendola,
U.S. EPA Region V. December 29.

Amendola, G.A. and D.R. Barna. 1986. Dow Chemical Wastewater Characterization Study
Tittabawassee River Sediments and Native Fish. Final Draft. Prepared for U.S. EPA, Region V,
Environmental Services Division, Eastern District Office, Westlake, OH. June.

ATS. 2006a. GeoMorph® Sampling and Analysis Plan: Upper Tittabawassee River Midland
Michigan. Prepared by Ann Arbor Technical Services, Inc., Ann Arbor, MI, for The Dow
Chemical Company, Midland, MLI. July. Available: http://www.deq.state.mi.us/documents/deq-
whm-hw-dow-Final-GeoMorph-SAP-Text-070706.pdf. Accessed 2/2008.

ATS. 2006b. Remedial Investigation Work Plan. Tittabawassee River and Upper Saginaw River
and Floodplain Soils, Midland, Michigan. Volume 1. Prepared by Ann Arbor Technical Services,
Inc., Ann Arbor, MI, for The Dow Chemical Company, Midland, MI. December 1.

ATS. 2006c¢. Upper Tittabawassee River Reach O Plan and Pilot Corrective Action Plan.
Memorandum prepared by Ann Arbor Technical Services, Inc., Ann Arbor, Ml, for The Dow
Chemical Company, Midland, MI. December. Available:
http://www.michigan.gov/documents/deg/whm-hwp-dow-TR-Pilot-CA--ReachO-Memo-
121906 _182934 7.pdf. Accessed 8/2007.

ATS. 2007. GeoMorph® Pilot Site Characterization Report: Upper Tittabawassee River and
Floodplain Soils Midland, Michigan. Prepared for Ann Arbor Technical Services, Inc. for The
Dow Chemical Company. February. Available:
http://www.michigan.gov/documents/deg/Final_GeoMorph_Pilot UTR_Site Characterization
Report_020120071 186090 7.pdf. Accessed 2/2008.

ATS. 2008. Attachment U-4 Data Summary Reports: 2006 and 2007 Primary Constituents of
Interest/Secondary Constituents of Interest Site Positives. Excerpt from the Middle
Tittabawassee River report. Draft.

SC11317



References (April 2008)

Augustyn, J. 2007. Memo re: Enforcement Action Memorandum: Determination of an Imminent
and Substantial Threat to Public Health and the Environment at the Reach D Area of the
Tittabawassee River Dioxin Spill Site, Midland County, Michigan (Site ID #B5KF). Sent to
Richard C. Karl, Director, Superfund Division. July 12.

Author unknown. 1926. Dow chemicals and their uses. In The Midland Sun: Portraying the City
of Midland, Michigan, Home of America’s Greatest Chemical Institution. 2nd Development
Edition. Midland, MI, pp. 51-61.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling. 1999. Rapid Bioassessment
Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates,
and Fish. 2nd Edition. EPA 841-B-99-002. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

Batchelder, T.L. 1973. Saginaw Bay Baseline Ecological Survey: 1971. Prepared by Waste
Control Department, Midland Division of the Dow Chemical Company.

Batchelder, T.L. and H.C. Alexander. 1974. Fish Survey of the Saginaw River Watershed with
Emphasis on the Tittabawassee River, 1973. Prepared by Waste Control Department, Midland
Division, Dow Chemical Company.

Beeton, A.M., S.H. Smith, and F.H. Hooper. 1967. Physical Limnology of Saginaw Bay, Lake
Huron. September. Technical Report No. 12. Great Lakes Fishery Commission, Ann Arbor, MI.
September.

Blankenship, A.L., D.P. Kay, M.J. Zwiernik, R.R. Holem, J.L. Newsted, M. Hecker, and J.P.
Giesy. 2008. Toxicity reference values for mink exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) equivalents (TEQ). Ecotoxicology and Environmental Safety 69(3):325-349.

Bohr, J. and B. Day. 2004. A Post-Sediment Removal Caged Fish Study of the Saginaw River
Watershed, June 18-July 16, 2002. Report #MI/DEQ/SWQ-04/077. Michigan Department of
Environmental Quality, Water Bureau. Michigan Department of Environmental Quality.
September.

Botts, P.S. and B.A. Patterson. 1996. Zebra mussel effects on benthic invertebrates: Physical or
biotic? Journal of the North American Benthological Society 15(2):179-184.

Brandon, D.L., C.R. Lee, J.W. Simmers, H.E. Tatem, and J.G. Skogerboe. 1991. Information
Summary, Area of Concern: Saginaw River and Saginaw Bay. Final Report. Misc. paper EI-91-
7. Prepared for U.S. Environmental Protection Agency, Great Lakes National Program Office,
Chicago, IL. U.S. ACOE, U.S. Aewes Environmental Laboratory, Vicksburg, MS. March.

Page R-2
SC11317



References (April 2008)

Brandt, E.N. 1997. Growth Company: Dow Chemical’s First Century. Michigan State University
Press, East Lansing.

Bruner, K.A., S.W. Fisher, and P.F. Landrum. 1994. The role of the zebra mussel, Dreissena
polymorpha, in contaminant cycling: 1l. Zebra mussel contaminant accumulation from algae and
suspended particles, and transfer to the benthic invertebrate, Gammarus fasciatus. Journal of
Great Lakes Research 20(4):735-750.

Carr, ILA. 1962. Distribution and Seasonal Movements of Saginaw Bay Fishes. Prepared by the
U.S. Fish and Wildlife Service, Special Scientific Report No. 417, Washington, DC. April.

CH2M Hill. 2005a. Sampling and Analysis Plan in Support of Bioavailability Study, Midland
Area Soils. Final. Prepared by CH2M Hill for The Dow Chemical Company, Midland, MI.
November. Available: http://www.deq.state.mi.us/documents/deq-whm-hw-dow-Midland-
BioRep-SAP-ALL-final-110105.pdf. Accessed 2/2008.

CH2M Hill. 2005b. Tittabawassee River Sediment Dioxin/Furan Concentration Vertical
Variability. Prepared by CH2M Hill for The Dow Chemical Company, Midland, MI. May.
Available: http://www.deq.state.mi.us/documents/deg-whm-hw-04-triver-vert-variability-
final.pdf. Accessed 2/2008.

Clark, J.M. 1985. Risk Evaluation of Data Collected during U.S. EPA’s 1984 Field Study of the
Midland, Michigan Area. Prepared by U.S. EPA Region V Pesticides and Toxic Substances
Branch. October 11.

Cobb, S.E. and M.C. Watzin. 2002. Zebra mussel colonies and yellow perch foraging: Spatial
complexity, refuges, and resource enhancement. Journal of Great Lakes Research 28(2):256-
263.

Cohen, J.G. 2004. Natural Community Abstract for Mesic Southern Forest. Michigan Natural
Features Inventory, Lansing, MI. Available:
http://web4.msue.msu.edu/mnfi/abstracts/ecology/Mesic_southern_forest.pdf. Accessed 1/2008.

CRA. 1992. Description of Current Situation, Working Copy, Final Draft. Prepared by
Conestoga-Rovers & Associates for General Motors Powertrain Division, Bay City Plant, Bay
City Michigan. October.

Davis, R.W. 1989. Abundance, Distribution, Reproduction and Growth of Five Selected Fish
Species in the Lower Tittabawassee River: A Tributary to Saginaw River. Master’s Thesis,
Department of Biology, Central Michigan University, Mount Pleasant. December.

Page R-3
SC11317



References (April 2008)

DeVault, D. 1984. Polychlorinated Dioxins and Polychlorinated Furans in Fish from the Great
Lakes and Midwest. EPA-905/3-84-006. U.S. Environmental Protection Agency, the Great Lakes
National Program Office, Chicago, IL.

Dow Chemical. 1978a. Studies of the Possible Presence of Chlorodioxins in Tittabawassee River
Sediments and Fish. Correspondence to John Hesse from John Oledhill, Office of Toxic
Materials Control, Michigan DNR. June.

Dow Chemical. 1978b. Study of the Presence of Chlorodioxins in Tittabawassee River
Sediments and Fish. Data attached to letter from J. Gledhill, Environmental Services, to J. Hesse,
Michigan DNR. June 9.

Dow Chemical. 1978c. TCDD Data from Fish in the Tittabawassee River. Data attached to letter
from J. Scovic, Dow Chemical, to T. Ervin, Michigan Department of Public Health. July 11.

Dow Chemical. 1984. Point Source and Environmental Levels of 2378-TCDD on the Midland
Plant Site of the Dow Chemical Company and in the City of Midland, Michigan. Sections A, B,
C, Introduction, Summary, Results, and Discussion. Dow Chemical Company, Midland, MI.
November.

Dow Chemical. 1987. Native Fish Survey on the Tittabawassee River. Letter to Gary Amendola
of U.S. EPA Region V. West Lake, Ohio, from R.M. Croyle, Environmental Services, Dow
Chemical Company, Midland, MI. December 29.

Dow Chemical. 1993. 1992 Native Fish Monitoring Study of the Tittabawassee River. Prepared
by Dow Chemical Company, Environmental Services Division. Midland, MI. March 8.

Dow Chemical. 2003a. Interim Response Activities Work Plan: Center Road Boat Launch. Dow
Chemical Company-Midland Operations Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deg-whm-hwp-centerrdboatlaunch.pdf. Accessed 1/2008.

Dow Chemical. 2003b. Interim Response Activities Work Plan: Freeland Festival Park. Dow
Chemical Company-Midland Operations Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deg-whm-hwp-freelandfestpark.pdf. Accessed 1/2008.

Dow Chemical. 2003c. Interim Response Activities Work Plan: Imerman Park. Dow Chemical
Company-Midland Operations Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deq-whm-hwp-imermanpark.pdf. Accessed 1/2008.

Dow Chemical. 2003d. Interim Response Activities Work Plan: West Michigan Park. Dow
Chemical Company-Midland Operations Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deq-whm-hwp-westmichpark.pdf. Accessed 1/2008.

Page R-4
SC11317



References (April 2008)

Dow Chemical. 2005a. Midland Area Soils Remedial Investigation Work Plan. Dow Chemical
Company, Midland, MI. December. Available: http://www.deq.state.mi.us/documents/deq-whm-
hw-dow-Midland-RI_Work _Plan_December_2005.pdf. Accessed 1/2008.

Dow Chemical. 2005b. Tittabawassee River and Floodplain Remedial Investigation Work Plan.
Volume I. Final Report. Dow Chemical Company, Midland, MI. December. Available:
http://www.deq.state.mi.us/documents/deq-whm-hw-dow-TRiver-RIWP-
December_2005_FINAL.pdf. Accessed 1/2008.

Dow Chemical. 2006. Sampling and Analysis Plan in Support of Bioavailability Study, Midland
Area Soils. Dow Chemical Company, Midland, MI. July. Available:
http://www.deq.state.mi.us/documents/deq-whm-hw-MidlandBRS-Rev-080406.pdf. Accessed
1/2008.

Dow Chemical. 2007a. Direct Contact Criteria Report: Midland Area Soils Midland, Michigan.
Dow Chemical Company, Midland, MI. October. Available:
http://www.michigan.gov/documents/deg/deg-whm-hwp-Dow-DCCReport-Midland-Soils-Final-
101507-text-pg-0-124 215683 7.pdf. Accessed 1/2008.

Dow Chemical. 2007b. Midland Area Soils Remedial Investigation. Revised Midland Soils
Remedial Investigation Work Plan. Dow Chemical Company, Midland, MI. October. Available:
http://www.michigan.gov/documents/deg/deg-whm-hwp-dow-Midland-revised-RIWP-text-pg-1-
204-10-15-2007_216081_7.pdf. Accessed 1/2008.

Dow Chemical. 2007c. This is DOW. 1960s. Available:
http://www.dow.com/about/aboutdow/history/1960s.htm. Accessed 8/2007.

Ellenton, J.A. and M.F. McPherson. 1983. Mutagenicity studies on herring gulls from different
locations on the Great Lakes, I. Sister chromatid exchange rates in herring-gull embryos. J.
Toxicol. Environ. Health 12:317-324.

ENTRIX. 2006a. Revised Draft Baseline Ecological Risk Assessment Work Plan for
Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Dibenzofurans (PCDFs) in the Tittabawassee
River and Associated Floodplains. Draft. Prepared by ENTRIX, East Lansing, MlI, for Dow
Chemical Company, Midland, MI. January.

ENTRIX. 2006b. Revised Draft Screening-Level Ecological Risk Assessment Work Plan for the
Tittabawassee River and Associated Floodplains. Draft. Prepared by ENTRIX, East Lansing, Ml,
for Dow Chemical Company, Midland, MI. January.

ENVIRON. 2006a. Characterization of Sediments in the Ojibway Turning Basin: Field Sampling
and Analysis Plan. Saginaw River, Michigan. Prepared by ENVIRON International Corporation,

Page R-5
SC11317



References (April 2008)

Chicago, IL, for Dow Chemical Company, Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deg-whm-hwp-sediment-study-1.pdf. Accessed 1/2008.

ENVIRON. 2006b. Sediment Trap Performance and Feasibility Study at Sixth Street Turning
Basin: Sampling and Analysis Plan (SAP). Prepared by ENVIRON International Corporation,
Chicago, IL, for Dow Chemical Company, Midland, MI. October. Available:
http://www.deq.state.mi.us/documents/deq-whm-hwp-sediment-study-2.pdf. Accessed 1/2008.

ENVIRON. 2007a. Draft Current Conditions Report for the Saginaw River, Floodplain, and Bay.
Prepared by ENVIRON International Corporation, Chicago, IL, for Dow Chemical Company,
Midland, MI. September. Available: http://www.michigan.gov/documents/deq/deg-whm-hwp-
dow-9-2007-Draft-CCR-SRB-Text 210867 _7.pdf. Accessed 1/2008.

ENVIRON. 2007b. Remedial Investigation Scope of Work for the Saginaw River and Saginaw
Bay, Michigan. Prepared by ENVIRON International Corporation, Chicago, IL, for Dow
Chemical Company, Midland, MI. July. Available:
http://www.michigan.gov/documents/deg/deg-whm-hwp-dow-Saginaw_Riverand_Bay-SOW-
Submittal-7-13-07_207105_7.pdf. Accessed 1/2008.

ENVIRON. 2007c. Revised Remedial Investigation Scope of Work for the Saginaw River and
Saginaw Bay, Michigan. October. Prepared by ENVIRON International Corporation, Chicago,
IL, for Dow Chemical Company, Midland, MI. Available:
http://www.michigan.gov/documents/deg/deg-whm-hwp-dow-Saginaw-River-Bay-FINAL -
SOW-10-15-2007_216101_7.pdf. Accessed 1/2008.

Evans, E. 1976. Saginaw River Sediment Contaminants, Saginaw and Bay Counties, Michigan,
August, 1976. Report#065010. August. Michigan Department of Environmental Quality.

Ewins, P.J., D.V. Weseloh, R.J. Norstrom, K. Legierse, H.J. Auman, and J.P. Ludwig. 1994.
Caspian Terns on the Great Lakes: Organochlorine Contamination, Reproduction, Diet, and
Population Changes, 1972-1991. Occasional Paper. Canadian Wildlife Service No. 85.
Environment Canada, Ottawa.

FCMP. 2007. Compilation of Fish Contaminant Monitoring Program Data (1983-2003).
Michigan Department of Environmental Quality Excel file package.

Fehringer, N.V., S.M. Walters, R.J. Ayers, R.J. Kozara, J.D. Ogger, and L.F. Schneider. 1985. A
survey of 2,3,7,8-TCDD residues in fish from the Great Lakes and selected Michigan rivers.
Chemosphere 14(6/7):909-912.

FEMA. 1995. Q3 Flood Data, Midland County/Bay County, MI. Federal Emergency
Management Agency, Washington, DC.

Page R-6
SC11317



References (April 2008)

FERC. 1998. Multiple Project Environmental Assessment for Hydropower License,
Tittabawassee River Projects. FERC Project Nos. 10808, 10809, 10810. Federal Energy
Regulatory Commission, Washington, DC.

Fetterolf, C.M. 1961. Memorandum to R. Parker and F. Frost from C. Fetterolf, August 31, 1961.
Deposits of Organic Material on Beaches in the Bay City-Linwood Area. Report #084010.
Michigan Department of Environmental Quality.

Fetterolf, C.M. 1963a. Fish Off-Flavor Problems in Saginaw Bay, Lake Huron, with a Summary
of Factors which Influences the Palatability of Fish. Report #146270. Michigan Department of
Environmental Quality.

Fetterolf, C.M. 1963b. Fish Tainting Problems in Saginaw Bay, Winter of 1962-1963. Report
#146280. Michigan Department of Environmental Quality.

Fetterolf, C.M. 1965. Taste Test of Fish from Saginaw Bay, May 12, 1965 by Water Resources
Commission personnel. Report #146290. Michigan Department of Environmental Quality.

Fielder, D.G. and M.V. Thomas. 2006. Fish Population Dynamics of Saginaw Bay, Lake Huron
1998-2004. Michigan Department of Natural Resources, Fisheries Research Report 2083, Ann
Arbor.

Fox, G.A., S.W. Kennedy, R.J. Norstrom, and D.C. Wigfield. 1988. Porphyria in Great Lakes
herring gulls. Environ. Tox. Chem. 7(10):831-839.

Galbraith Environmental Sciences. 2003. Tittabawassee River Aquatic Ecological Risk
Assessment: Polychlorinated Dibenzo-p-Dioxins, Polychlorinated Dibenzofurans. Prepared by
Galbraith Environmental Sciences LLC., Newfane, VT, for Michigan Department of
Environmental Quality, Remediation and Redevelopment Division Saginaw Bay District Office.
October.

Gale, R.W., J.N. Huckins, J.N. Petty, P.H. Peterman, L.L. Williams, D. Morse, T.R. Schwartz,
and D.E. Tillitt. 1997. Comparison of the uptake of dioxin-like compounds by caged channel
catfish and semipermeable membrane devices in the Saginaw River, Michigan. Environ. Sci.
Technol. 31:178-187.

Gersich, F.M., F.M. Alexander, M.A. Mayes, and A.W. Weburg. 1985. A Survey of the Benthic
Macroinvertebrate Community in the Tittabawassee River Above and Below the Michigan
Division Diffuser. ES-750. Mammalian and Environmental Toxicology Health and
Environmental Sciences, Midland, MI. September 10.

Page R-7
SC11317



References (April 2008)

Giesy, J.P., D.J. Jude, D.E. Tillitt, R.W. Gale, J.C. Meadows, J.L. Zajieck, P.H. Peterman, D.A.
Verbrugge, T. Sanderson, T.R. Schwartz, and M.L. Tuchman. 1997. Polychlorinated dibenzo-p-
dioxins, dibenzofurans, biphenyls and 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents in fishes
from Saginaw Bay, Michigan. Environmental Toxicology and Chemistry 16(4):713-724.

Gold, K.C. 1998. Dow Chemical to Pay $100,000, Make Improvements, to Settle Water Act Suit.
Michigan Environmental Compliance Update. May Edition. Newsletter prepared by the
Honigman Miller Schwartz and Cohn LLP Environmental Department. M. Lee Smith Publishers.
Available: http://64.233.169.104/search?q =
cache:BwLBQ71D8SgJ:library.findlaw.com/1998/May/1/131948.html+dow+midland+Tertiary+
ponds&hl = en&ct = cInk&cd = 10&qgl = us. Accessed 1/2008.

Gossiaux, D.C., P.F. Landrum, and V.N. Tsymbal. 1993. A survey of Saginaw River and
Saginaw Bay, Lake Huron, sediments using two bioassays with the amphipod Diporeia spp.
Journal of Great Lakes Research 19(2):322-332.

Goudy, G. 1989. Trace Elements in 1988 Saginaw Bay and River Sediments: Comparison to
Historical Data. Report #MI/DEQ/SWQ-96/030. Michigan Department of Environmental

Quality.

Haag, W.R., D.J. Berg, and D.W. Garton. 1993. Reduced survival and fitness in native bivalves
in response to fouling by the introduced zebra mussel (Dreissena polymorpha) in western Lake
Erie. Can. J. Fish. Aquat. Sci. 50:13-109.

Haynes, W. 1945. American Chemical Industry: A History. Volumes 1-6. D. Van Nostrand, New
York.

Hebert, C.E., R.J. Norstrom, M. Simon, B.M. Braune, D.V. Weseloh, and C.R. Macdonald.
1994. Temporal trends and sources of PCDDs and PCDFs in the Great Lakes: Herring gull egg
monitoring, 1981-1991. Environ. Sci. Technol. 28(7):1268-1277.

Hendrix, G.A. and W.L. Yocum. 1984. Recent Fisheries Trends in Saginaw Bay: 1954-1984.
Prepared by East Central Michigan Planning & Development Region, Saginaw, Ml, for the U.S.
Environmental Protection Agency. September.

Hesse, J.R. and J. Lauer. 1972. Caged Rainbow Trout Taint Studies in the Saginaw River
Watershed. Report #146550. Prepared by Michigan Water Resources Commission, Bureau of
Water Management, Michigan Department of Natural Resources.

Hilscherova, K., K. Kannan, H. Nakata, N. Hanari, N. Yamashita, P.W. Bradley, J.M. McCabe,
A.B. Taylor, and J.P. Giesy. 2003. Polychlorinated dibenzo-p-dioxin and dibenzofuran

Page R-8
SC11317



References (April 2008)

concentration profiles in sediments and flood-plain soils of the Tittabawassee River, Michigan.
Environ. Sci. Technol. 37:468-474.

IPCS. 1989. Environmental Health Criteria 88: Polychlorinated Dibenzo-para-dioxins and
Dibenzofurans. International Programme on Chemical Safety. World Health Organization,
Geneva.

Johnson, C. and W. Creal. 1960. Water resource conditions and uses in the Tittabawassee River
Basin. State of Michigan Water Resources Commission. Atlantic States Marine Fisheries
Division. Prepared by Striped Bass Plan Review Team. September 21.

Johnson Co. 2001. Ecosystem-Based Rehabilitation Plan: An Integrated Plan for Habitat
Enhancement and Expected Exposure Reduction in the Lower Fox River and Green Bay.
Johnson Co., Inc. December.

Jones, P.D., J.P. Giesy, J.L. Newsted, D.A. Verbrugge, J.P. Ludwig, M.E. Ludwig, H.J. Auman,
R. Crawford, D.E. Tillitt, T.J. Kubiak, and D.A. Best. 1994. Accumulation of 2,3,7,8,-
tetrachlorodibenzo-p-dioxin equivalents by double-crested cormorant (Phalacrocorax auritus,
Pelicaniformes) chicks in the North American Great Lakes. Ecotoxicol. Environ. Saf. 27:192-
209.

Jude, D.J., D. Francis, J. Barres, and S. Deboe. 1993. Suspended Solids and Bedload Transport
of Nutrients, Heavy Metals, and PCBs in 16 Major Tributaries to Saginaw Bay 1990-1992.
Prepared by Center for Great Lakes and Aquatic Sciences, University of Michigan, Ann Arbor.

Karpiuk, R.S. 1984. Dow Research Pioneers: Recollections, 1888-1949. Pendell Publishing.
Midland, ML.

Krieger, K.A. 1998. Mayfly Watch 1997: Results and Recommendations. Year One of a Citizen
Volunteer Project Along the Ohio Shore of Lake Erie. Lake Erie Protection Fund Project LEPF-
97-30. January.

Lawler Matusky & Skelly Engineers. 1983a. Aquatic Assessment of the Tittabawassee River in
the Vicinity of Midland, Michigan. Volume 1: Preoperational Report 1978-1982. Prepared by
Lawler Matusky & Skelly Engineers for Consumers Power Group. October.

Lawler Matusky & Skelly Engineers. 1983b. Aquatic Assessment of the Tittabawassee River in
the Vicinity of Midland, Michigan. Volume 2: Data from Second Preoperational Year-1982.
Prepared by Lawler Matusky & Skelly Engineers for Consumers Power Group. October.

Lenon, H.L., R.H. King, D.E. Wujek, and R.E. Bailey. 1979a. Survey and Evaluation of the
Water Quality, Tittabawassee River, near Midland, Michigan, 1978-79. Volume 1. Technical

Page R-9
SC11317



References (April 2008)

Report No. 2. Prepared by Central Michigan University and submitted to Consumers Power
Company, Jackson, MI. April.

Lenon, H.L., R.H. King, D.E. Wujek, and R.E. Bailey. 1979b. Survey and Evaluation of the
Water Quality, Tittabawassee River, near Midland, Michigan, 1978-79. Volume I1. Technical
Report No. 2. Prepared by Central Michigan University and submitted to Consumers Power
Company, Jackson, MI. April.

Ludwig, J.P., H.J. Auman, H. Kurita, M.E. Ludwig, L.M. Campbell, J.P. Giesy, D.E. Tillitt, P.
Jones, N. Yamashita, S. Tanabe, and R. Tatsukawa. 1993. Caspian tern reproduction in the
Saginaw Bay ecosystem following a 100-year flood event. J. Great Lakes Res. 19(1):96-108.

Masterson, M. 1989. Results of a Fish Flavor Impairment Study Conducted Using Fish Taken
from the Tittabawassee River, Midland County, Michigan. October 4. Report #MI/DEQ/SWQ-
89/161. Michigan Department of Environmental Quality.

McDowell and Associates. 1984. Riverbank Revetment System, Dow Facilities, Midland,
Michigan. Prepared by McDowell and Associates for Dow Chemical Company, Midland, MI.
October 10.

MDA. 2002. Food, Farming and Gardening Guidelines for Minimizing Dioxin Exposure.
Michigan Department of Agriculture. Public Information Pamphlet. Dr. Brian Hughes.
Available: http://www.deq.state.mi.us/documents/deg-erd-trf-MDA dioxin fact
sheet(FINAL).pdf. Accessed 4/2007.

MDCH. 1998. Michigan Fish Advisory. Michigan Department of Community Health.

MDCH. 1999. Michigan 1999 Fish Advisory. Michigan Department of Community Health.
MDCH. 2000. Michigan 2000 Fish Advisory. Michigan Department of Community Health.
MDCH. 2001. Michigan 2001 Fish Advisory. Michigan Department of Community Health.

MDCH. 2002. 2002 Michigan Family Fish Consumption Guide. Michigan Department of
Community Health.

MDCH. 2003. 2003 Michigan Family Fish Consumption Guide. Michigan Department of
Community Health.

MDCH. 2004a. 2004 Michigan Family Fish Consumption Guide. Michigan Department of
Community Health.

Page R-10
SC11317



References (April 2008)

MDCH. 2004b. Health Consultation: Tittabawassee River Floodplain Dioxin Contamination.
Midland, Midland County, Michigan. EPA Facility ID: MID980994354. Michigan Department
of Community Health. Report prepared under a cooperative agreement with the Agency for
Toxic Substances and Disease Registry. August. Available:
http://www.atsdr.cdc.gov/hac/PHA/tittabawassee2/trv_toc.html. Accessed 1/2008.

MDCH. 2004c. State of Michigan Issues Health Advisories for Consuming Wild Game from
Tittabawassee River Flood Plain. Michigan Department of Community Health. September 14.
Available: http://www.michigan.gov/mdch/0,1607,7-132-8347-100553--M,00.html. Accessed
4/24/2007.

MDCH. 2007. 2007 Michigan Family Fish Consumption Guide. Michigan Department of
Community Health.

MDEQ. 1995. Michigan Fish Contaminant Monitoring Program-1995 Annual Report.
MI/DEQ/SWQ-95/087. Michigan Department of Environmental Quality, Lansing.

MDEQ. 1998. Press Release: 981120. The Department of Environmental Quality Entered a
Consent Order on Thursday with The Dow Chemical Company in Midland, to Quarantine and
Clean Up the Tertiary Pond Solids Removal Project Area on Dow Property. By Dana Dean.
November. Available: www.deq.state.mi.us/pr/1998releases/981120.htm. Accessed 1/2008.

MDEQ. 2003a. A Proposal for a Tri-County Project Coordination Plan: Community Involvement
Plan. June 17 and March 26. Draft. Michigan Department of Environmental Quality, Lansing.

MDEQ. 2003b. Final Report Phase Il Tittabawassee/Saginaw River Dioxin Flood Plain
Sampling Study. Michigan Department of Environmental Quality, Remediation and
Redevelopment Division. Saginaw-Bay District Office, Bay City. June.
Available:http://www.deq.state.mi.us/documents/deg-rrd-TR-FINALPHASEIIREPORTSOIL 6-
24-2003.pdf. Accessed 4/24/2007.

MDEQ. 2003c. Preliminary Analytical Results for Soil Samples Taken at Residential Properties
in the Tittabawassee River Floodplain by the DEQ in June through December 2003. Michigan
Department of Environmental Quality, Lansing. Available:
http://www.deq.state.mi.us/documents/deq-rrd-TR-PreliminaryResultsFeb2004.pdf. Accessed
3/2008.

MDEQ. 2003d. Press Release: DEQ/DAG Reach Settlement with Radian International, LLC.
July. Revised by Pat Watson. Available: http://www.michigan.gov/deqg/0,1607,7-135-
3308 3323-72405--,00.html. Accessed 1/2008.

Page R-11
SC11317



References (April 2008)

MDEQ. 2003e. Soil Movement Advisory for Private, Public, and Commercial Projects.
Michigan Department of Environmental Quality, Lansing. June. Available:
http://www.deq.state.mi.us/documents/deg-rrd-TR-Advisory-dioxin-Color-Final.pdf. Accessed
4/24/2007.

MDEQ. 2003f. Tittabawassee/Saginaw River Flood Plain Environmental Assessment Initiative,
Information Bulletin #3. Michigan Department of Environmental Quality, Lansing. June.
Available: http://www.deqg.state.mi.us/documents/deq-rrd-TR-JUNE_2003Bulletin.pdf. Accessed
4/24/2007.

MDEQ. 2004a. Corrective Action Objectives and Goals: The Dow Chemical Company.
February. Available: http://www.deqg.state.mi.us/documents/deq-whm-hwrp-dowfactsaddl.pdf.
Accessed 1/2008.

MDEQ. 2004b. DEQ Analysis of Wildgame from Tittabawassee River Flood Plain. Michigan
Department of Environmental Quality, Lansing. September. Available:
http://www.deq.state.mi.us/documents/deq-whm-hws-wildgame.doc. Accessed 4/24/2007.

MDEQ. 2004c. Dioxin Wild Game Area of Concern. Michigan Department of Environmental
Quality, Lansing. September 17. Available: http://www.deg.state.mi.us/documents/deq-whm-
hws-Wildgame-Map.pdf. Accessed 4/2007.

MDEQ. 2005. Frequently Asked Questions for Owners of Property Affected by Migrating
Dioxin Contamination. Revised Supplemental Advisory. Michigan Department of Environmental
Quality. July. Available: http://www.deq.state.mi.us/documents/deg-rrd-TR-
RevisedSupplemental AdvisoryDioxinFAQ-7-15-2005.pdf. Accessed 4/29/2007.

MDEQ. 2006a. Final Report, Dioxin-like Toxicity in the Saginaw Bay Watershed (Great Lakes
National Program Office Grant Project #GL965334010) and PBDE Distribution in the Saginaw
Bay Water Shed (Great Lakes National Program Office Grant Project #GL96558601-0).
Michigan Department of Environmental Quality, Lansing. Revised August 31, 2006.

MDEQ. 2006b. GeoMorph® Sampling and Analysis Plan, Upper Tittabawassee River (SAP) and
Quality Assurance Project Plan, GeoMorph® Investigation Tittabawassee River (QAPP).
Approval Letter. Michigan Department of Environmental Quality. July. Available:
http://www.deq.state.mi.us/documents/deq-whm-hw-dow-UTR-geomorph-approval-071206.pdf.
Accessed 1/2008.

MDEQ. 2006¢c. Notice of Deficiency (NOD); Tittabawassee River and Floodplain Remedial
Investigation Work Plan (TR RIWP) and Midland Area Soils Remedial Investigation Work Plan
(Midland RIWP). Michigan Department of Environmental Quality. March. Available:

Page R-12
SC11317



References (April 2008)

http://www.deqg.state.mi.us/documents/deg-whm-hwp-3-2-2006-NOD-TR-Midland-RI\WP-
attachments-REV.pdf. Accessed 1/2008.

MDEQ. 2006d. Response to Comments and Notice of Deficiency (NOD); Tittabawassee River
and Floodplain Remedial Investigation Work Plan (TR RIWP) and Midland Area Soils Remedial
Investigation Work Plan (Midland RIWP). Michigan Department of Environmental Quality.
April. Available: http://www.deq.state.mi.us/documents/deg-whm-hw-detailed-dow-RIWPS-
NOD-w-attachments.pdf. Accessed 1/2008.

MDEQ. 2006e. State of Michigan Department of Environmental Quality Hazardous Waste
Management Facility Operating License. Amendment 3. The Dow Chemical Company. MID 000
724 724. Michigan Department of Environmental Quality, Waste and Hazardous Materials
Division. June. Available: http://www.deq.state.mi.us/documents/deg-whm-Comp-Final-DOW-
OL-with-Amendment4-Mar-10-06.pdf. Accessed 1/2008.

MDEQ. 2006f. The Dow Chemical Company (Dow), Tittabawassee River Interim Response
Activities (IRAs)/Reach O Plan and Pilot Corrective Action Plan (PCAPs). Michigan
Department of Environmental Quality. December. Available:
http://www.michigan.gov/documents/deg/whm-hwp-dow-Pilot-CA-Plan-DEQ-L etter-
122106_182933_7.pdf. Accessed 1/2008.

MDEQ. 2007a. Approval with Modifications of the Compliance Schedules for the Tittabawassee
River and Floodplain Soils and Midland Area Soils Remedial Investigation Work Plans.
Michigan Department of Environmental Quality. July. Available:
http://www.michigan.gov//documents/deq/deg-whm-hwp-dow-

ApprovalL ttrandapprRIWPComplianceSchedule-7-24-2007_205835_7.pdf. Accessed 1/2008.

MDEQ. 2007b. Disapproval and Letter of Warning; Direct Contact Criteria Report for Midland
Area Soils (DDC Report). Letter. Michigan Department of Environmental Quality. November.
Available: http://www.michigan.gov/documents/deg/deg-whm-hwp-Dow-DCCReport-
LOWwith2attachments-110907 215681 7.pdf. Accessed 1/2008.

MDEQ. 2007c. GeoMorph® Pilot Site Characterization Report, Upper Tittabawassee River and
Floodplain Soils (Report). Approval Letter. Michigan Department of Environmental Quality.
May. Available: http://www.michigan.gov/documents/deq/deq-whm-hwp-dow-Geomorph-
Approval-05032007_195627_7.pdf. Accessed 1/2008.

MDEQ. 2007d. Notice of Deficiency (NOD); Remedial Investigation Scope of Work for the
Saginaw River and Floodplain and Saginaw Bay, Michigan; The Dow Chemical Company,
Michigan Operations (Dow). Letter. Michigan Department of Environmental Quality. August.

Page R-13
SC11317



References (April 2008)

Available: http://www.michigan.gov/documents/deg/deq-whm-hwp-dow-SOW-NOD-SRB-8-29-
07 207101 7.pdf. Accessed 1/2008.

MDEQ. 2008. Approval with Modifications; Remedial Investigation Scope of Work for the
Saginaw River and Floodplain and Saginaw Bay, Michigan; The Dow Chemical Company,
Michigan Operations. Letter to Greg Cochran. Michigan Department of Environmental Quality.
February. Available: http://www.michigan.gov/documents/deg/deg-whm-hwp-dow-SRB-SOW-
Approval-with-Modifications-2-1-2008.pdf 223938 7.pdf. Accessed 1/2008.

MDEQ and GLEC. 2001. Water Quality Monitoring of Saginaw Bay and Grand Traverse Bay,
Saginaw Bay (1993-1999), Grand Traverse Bay (1998-1999). Report #MI/DEQ/SWQ-01/017.
Michigan Department of Environmental Quality and Great Lakes Environmental Center.

MDEQ and GLEC. 2005. Water Quality Monitoring of Saginaw Bay and Grand Traverse Bay
(1993-2003). Report #MI/DEQ/SWQ-05/042. Michigan Department of Environmental Quality
and Great Lakes Environmental Center.

MDNR. 1971. Caged Fish Study in the Tittabawassee River above and below the Dow Chemical
Company Discharges, Midland, Michigan. August 27 to September 2. Report #MI/DNR/SWQ-
91/118. Michigan Department of Natural Resources.

MDNR. 1973. A Continuous-flow Bioassay and Caged Fish Study of Dow Chemical Company
Petrochemical Plant and Bay Refinery Effluent, Bay City, Michigan. April 9-13, 1973. Prepared
by Michigan Water Resources Commission, Bureau of Water Management, Michigan
Department of Natural Resources. May.

MDNR. 1977. 1977 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1978a. 1978 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1978b. Report of an Industrial Wastewater Survey Conducted at Dow Chemical
Company, All Outfalls No. 560004. Michigan Department of Natural Resources, Midland
County, Midland. July 10-11.

MDNR. 1979. 1979 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1980. 1980 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1981a. 1981 Michigan Fishing Guide. Michigan Department of Natural Resources.

Page R-14
SC11317



References (April 2008)

MDNR. 1981b. MDNR-EPA Tittabawassee River Bioaccumulation Study. Letter from R.J.
Courchaine, Chief of the Water Quality Division, to David Buzzelli, Dow Chemical. Michigan
Department of Natural Resources. August 18.

MDNR. 1982. 1982 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1983a. 1983 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1983b. Summary of Dioxin Contamination in Michigan. Report #MI/DEQ/SWQ-
96/082. Michigan Department of Natural Resources, Environmental Services Division, Toxic
Chemical Evaluation Section.

MDNR. 1984a. 1984 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1984b. Final Order of Abatement: Dow Chemical, Midland, Michigan. Permit No.
MI10000868. Final Order No. 2022. Michigan Department of Natural Resources. Water
Resources Commission. May 17.

MDNR. 1985. 1985 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1986. 1986 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1987. 1987 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1988a. 1988 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1988b. Final Order of Abatement: Dow Chemical, Midland, Michigan. Prepared by
Water Resources Commission, Final Order No. 2120. Permit No. M10000868. Michigan
Department of Natural Resources. Water Resources Commission. September 15.

MDNR. 1988c. Remedial Action Plan for Saginaw River and Saginaw Bay Area of Concern.
Michigan Department of Natural Resources, Surface Water Quality Division, Great Lakes and
Environmental Assessment Section. September.

MDNR. 1989. 1989 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1990a. 1990 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1990b. Assessment of Yellow Perch Stocks in Saginaw Bay: April 1, 1989 to March 31,
1990. Michigan Department of Natural Resources.

Page R-15
SC11317



References (April 2008)

MDNR. 1990c. Dow Chemical U.S.A.-Midland, Bio-uptake Study Review. Communication
from Michael Masterson, Great Lakes Environmental Assessment Section, Surface Water
Quality Division, to Terry Walkington, Saginaw District Office, Michigan Department of
Natural Resources, Surface Water Quality Division. March 26.

MDNR. 1990d. June 1990 Failure of the Revetment Groundwater Interceptor System (RGIS),
Dow Main Plant Site. Interoffice communication between A. Taylor, Permits Section, and J.
Merrick, Compliance and Enforcement Section. Michigan Department of Natural Resources.
September 20.

MDNR. 1991a. 1991 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1991b. Bioaccumulation Study on the Saginaw River and Tributaries: August 1, 1988 to
September 21, 1988. Staff Report. Michigan Department of Natural Resources.

MDNR. 1991c. Dow Chemical, Midland: Tittabawassee River Native Fish Monitoring Study
M10000868. Communication from Douglas Morse, Great Lakes and Environmental Assessment
Section, Surface Water Quality Division to Terry Walkington, Supervisor, Saginaw District
Office, Surface Water Quality Division. Michigan Department of Natural Resources. May 8.

MDNR. 1991d. Fish Community Status in Saginaw Bay, Lake Huron, April 1, 1990 to March
31, 1991. Michigan Department of Natural Resources.

MDNR. 1992. 1992 Michigan Fishing Guide. Michigan Department of Natural Resources.
MDNR. 1993a. 1993 Michigan Fishing Guide. Michigan Department of Natural Resources.

MDNR. 1993b. Michigan Fish Contaminant Monitoring Program. 1993 Annual Report.
MI/DNR/SWQ-93/059. Michigan Department of Natural Resources, Surface Water Quality
Division, Lansing.

MDNR. 1994a. 1994 Michigan Fishing Guide. Michigan Department of Natural Resources
Fisheries Division.

MDNR. 1994b. A Biological Survey of the Tittabawassee River and Selected Tributaries,
Gladwin, Midland and Saginaw Counties, September 11-October 7, 1992. Michigan Department
of Natural Resources, Lansing.

MDNR. 1994c. Michigan Fish Contaminant Monitoring Program. 1994 Annual Report.
MI/DNR/SWQ-94/074. Michigan Department of Natural Resources, Surface Water Quality
Division, Lansing.

Page R-16
SC11317



References (April 2008)

MDNR 1994d. Saginaw River/Bay Remedial Action Plan Draft Surface Water Quality Division
Biannual Report Volume 1. Michigan Department of Natural Resources, Lansing. December.

MDNR 1994e. Saginaw River/Bay Remedial Action Plan Draft Surface Water Quality Division
Biannual Report Volume 2: Appendices. Michigan Department of Natural Resources, Lansing.
December.

MDNR. 1995. 1995 Michigan Fishing Guide. Michigan Department of Natural Resources,
Lansing.

MDNR. 1996. 1996 Michigan Fishing Guide. Michigan Department of Natural Resources,
Lansing.

MDNR. 1997. 1997 Michigan Fishing Guide. Michigan Department of Natural Resources,
Lansing.

MDNR. 2004. Walleye are Year-round Work for Fisheries Managers. December 9. Available:
http://www.michigan.gov/dnr/0,1607,7-153-10366_46403 46404-106871--,00.html. Accessed
9/2007.

MDPH. 1985. Final Protocol for the Collaborative Fish Study on the Tittabawassee River.
Michigan Department of Public Health. Prepared by Ms. Jackie Anderson, Environmental
Services, Dow Chemical Company. June 11.

Meyers, P.A. and N. Tkeeuchi. 1981. Environmental changes in Saginaw Bay, Lake Heron by
geolipid contents of sediments deposited since 1800. Environmental Geology 3:257-266.

Michigan Newswire. 2003. DEQ/DAG Reach Settlement with Radian International, LLC. July.
Revised by Pat Watson. Available:
http://www.contractormisconduct.org/ass/contractors/55/cases/266/518/dag-reach-settlement-
with-radian-international-llc.pdf. Accessed 1/2008.

Michigan Stream Control Commission. 1937. Saginaw Valley Report. May.

Michigan Water Resources Commission. 1975. Water Quality Appraisal Section Water Quality
Trends in Michigan. Report #002630. Michigan Department of Environmental Quality. March.

Midland Daily News. 1950. Midland’s Greatest Flood Occurred in 1912. June 8. Reprint of May
23,1912 article. Midland Daily News, Midland, MI.

Mills, B. and M. Newton. 1963. Various tables and figures, 1959-1963; threshold taste and odor
data. Report #M1/DEQ/SWQ-88/109. Michigan Department of Environmental Quality.

Page R-17
SC11317



References (April 2008)

Mills, B. and M. Newton. 1968. Taste tests of fish from Saginaw Bay February 27-28, 1968.
Report #MI/DEQ/SWQ-88/108. Michigan Department of Environmental Quality.

MNFI. 1998. Vegetation of Michigan circa 1800. Prepared by P.J. Comer and D.A. Albert.
Michigan Natural Features Inventory and Michigan Department of Natural Resources.

MNFI. 2007. Rare Species Explorer (Web Application). Michigan Natural Features Inventory.
Available: http://web4.msue.msu.edu/mnfi/explorer. Accessed 7/2007.

Morse, D. 1996. A Caged Fish Study of the Saginaw River and Major Tributaries, July 18-
August 26, 1993. Report #MI1/DEQ/SWQ-95/021. Michigan Department of Environmental

Quality.

Mrozinski, L.E. 1979. Dow Chemical Dam, Tittabawassee River, Midland County.
Communication from Leo E. Mrozinski, Fisheries Habitat Biologist, District 8, to Jerry V. Manz,
Regional Fisheries Biologist.

MSU. 2008. Ecology Abstracts: Mesic Northern Forest. Michigan State University Board of
Trustees. Michigan Department of Natural Resources-Forest Management Division and Wildlife
Division. January. Available:
http://web4.msue.msu.edu/mnfi/abstracts/ecology/Mesic_northern_forest.pdf. Accessed 1/2008.

Murphy, P.G. and C.H. Richardson. 1987. Bio-Uptake of Selected Polychlorinated Organic
Chemicals from Michigan Division Final Effluent by Channel Catfish. Prepared by Dow
Chemical, Final Report. December 23.

Newton, M. 1968. Taste Test of Fish From the Wild Fowl Bay Area of Saginaw Bay, January 26,
1968. Report #146410. Michigan Department of Environmental Quality. January.

NOAA. 2007. National Weather Service: Advanced Hydrologic Prediction Service.
Tittabawassee River at Midland. National Oceanic and Atmospheric Administration. Available:
http://www.crh.noaa.gov/ahps2/hydrograph.php?wfo = dtx&gage = midm4. Accessed 8/2007.

O’Keefe, P., C. Meyer, D. Hilker, K. Aldous, B. Jelus-Tyror, K. Dillion, R. Donnelly, E. Horn,
and R. Sloan. 1983. Analysis of 2,3,7,8,-tetrachlorodibenzo-p-dioxin in Great Lakes fish.
Chemosphere 12(3):325-332.

Peters, D. 2008. Birds of the Saginaw Bay Area: Dec 1st, 2007 thru Feb 29th, 2008. U.S. Fish &
Wildlife Service, Saginaw, MI. Available: http://www.saginawbaybirding.org/winter08.pdf.
Accessed 4/2008.

Page R-18
SC11317



References (April 2008)

Peterson, A. and J. Rossio. 1986. Collections of Young-of-the-Year Spottail Shiners (Notropis
hudsonicus) for Containment Analysis, August-September, 1986. Report #MI/DEQ/SWQ-
88/114. Michigan Department of Environmental Quality.

Powers, R.A. 1974. Fish Mortality in the Saginaw River, December 1974. Report #043150.
Michigan Department of Environmental Quality. January.

PSC. 2002. Targeting Environmental Restoration in the Saginaw River/Bay Area of Concern
(AOC). 2001 Remedial Action Plan Update. Prepared for the Great Lakes Commission on behalf
of The Partnership for the Saginaw Bay Watershed by Public Sector Consultants, Inc., Lansing,
MI. July.

Robinson, J.G. 1965. Water Quality Study of the Saginaw River, July and October, 1965. Report
#025520. Michigan Department of Environmental Quality. January.

Robinson, J.G. 1972. Memorandum to W. Bradford from J. Robinson, May 2, 1972. Background
Information on Water Quality of Saginaw Bay. Michigan Department of Environmental Quality.
Report #022750. January.

Rohrer, T.K. 1982. 2,3,7,8-Tetrachlorodibenzo-p-dioxin Residues in Fish from the Tittabawassee
and Saginaw Rivers and Saginaw Bay-1980. Prepared by Michigan DNR, Office of Toxic
Materials Control, Environmental Services Division. February 8.

Rossmann, R., C.P. Rice, and M.S. Simmons. 1983. Final Report on the Impact of Pollutants on
the Tittabawassee River. Under Contract with U.S. EPA, Great Lakes National Program Office.
Great Lakes Research Division, The University of Michigan. January.

Schneider, L. 1985. 2,3,7,8-TCDD Sampling Results-Tittabawassee River. Communication from
Louis Schneider, Laboratory Director, Department of Health and Human Services, to Linn
Duling, Michigan DNR. November 6.

SETAC. 2005. Abstract Book: Society of Environmental Toxicology and Chemistry North
America 26th Annual Meeting: Environmental Science in a Global Society: SETAC’s Role in
the Next 25 Years. Pensacola, FL.

SETAC. 2006. Abstract Book: Society of Environmental Toxicology and Chemistry North
America 27th Annual Meeting: Global Environment and Sustainability: Sound Science in a
World of Diversity. Pensacola, FL.

SETAC. 2007. Abstract Book: Society of Environmental Toxicology and Chemistry North
America 28th Annual Meeting: Environmental Stewardship: Integrating Science and
Management. Pensacola, FL.

Page R-19
SC11317



References (April 2008)

Shannon, E.S., H.C. Alexander., C.M. Fetterolf, and M.E. Newton. 1965. Saginaw Bay
Biological Survey July-August, 1965. Prepared by E.S. Shannon and M.W. Alexander, Dow
Chemical Company and C.M. Fetterolf and M.E. Newton, MI/DNR/SWQ-88/107. Michigan
Water Resources Commission. July.

Shen, L., S. Gewurts, E. Reiner, T. Kolic, K. MacPherson, P. Helm, T. Howell, D. Burniston, I.
Brindle, and C. Marvin. 2006. PCDD/Fs, Dioxin-Like PCBs, and PBDEs in Sediment of Lake
Huron and Its Tributaries (Poster). Received from Arthur Ostaszewski, Michigan Department of
Environmental Quality.

Stock, J.T. and M.V. Orna (eds.). 1989. Electrochemistry: Past and Present. American Chemical
Society, Washington, DC.

Stoll, B. 1947. Dow Pollution Nearly Licked. Bay City Times, Bay City, MI.

Suppnick, J.D. 1996. Continuous Dissolved Oxygen Monitoring on the Saginaw River During
the Drought of 1988. Document reference obtained from MDEQ on July 27, 2007. Report
#MI/DEQ/SWQ-96/046. Michigan Department of Environmental Quality.

Surber, E.W. 1953. Results of a Study of the Bottom Fauna of Saginaw Bay July 25, 26, 1953,
with Respect to Possible Effects of Pollution. Report #MI/DNR/SWQ-88/110. Michigan
Department of Natural Resources.

Surber, E.W. 1954. Results of a Biological Survey of Saginaw Bay, July 16, 17, 1954. Report
#MI/DNR/SWQ-88/106. Michigan Department of Natural Resources.

Surber, E.W. 1955a. Biological Criteria for the Determination of Lake Pollution. Surveys
Conducted 1952-1952. Report #022460. Michigan Department of Environmental Quality.

Surber, E.W. 1955b. Results of a Biological Survey of Saginaw Bay. Report #MI/DNR/SWQ-
88/111. Michigan Department of Natural Resources. June 24.

Sylvester, S. 1974. A Biological Survey on the Tittabawassee River 1974 Staff Report. Prepared
by Michigan Department of Natural Resources, Water Quality Division, Biology Section.

Taft-William, H. 2004. A Sediment Sampling Survey of the Saginaw River. Bay County,
Michigan, September 2-3, 2003. Report #MI/DEQ/SWQ-04/001. Michigan Department of
Environmental Quality. January.

Taylor, A.B. and J.M. McCabe. 2002. Baseline Chemical Characterization of Saginaw Bay
Watershed Sediments. Prepared for the Office of the Great Lakes, Michigan Department of
Environmental Quality. August 29.

Page R-20
SC11317



References (April 2008)

Thermo Analytical and ERG. 1993. Sediment Sampling Results of Saginaw River. November 30
through December 2. Thermo Analytical, Inc. and ERG, Ann Arbor, MI.

USACE. 1984. Upper Saginaw River Diked Disposal Facility at Crow Island State Game Area
Saginaw and Bay Counties, Michigan: Letter, Report and Draft Environmental Impact
Statement. Prepared by U.S. Army Corps of Engineers, Detroit District. November.

USACE. 1988. Saginaw River Sediment Sampling Methodology. Prepared by U.S. Army Corps
of Engineers. Contract No. DACW 35-88-C-0007. May 2-3.

USACE. 2007. Annual Report/Contract Dredging Report 01/08/2007. U.S. Army Corps of
Engineers Detroit District Project Operations Section. Available:
http://www.lre.usace.army.mil/OandM/text/saginaw.pdf. Accessed 8/2007.

U.S. DOI. 1995a. GC/HRMS Analyses of 2,3,7,8-Substituted Polychlorinated Dibenzo-p-dioxins
and Dibenzofurans in Channel Catfish Caged in Saginaw Bay. Prepared by the Midwest Science
Center, U. S. National Biological Service, Columbia, MO. Final Laboratory Report FY-95-30-
12. January 13.

U.S. DOI. 1995b. GC/HRMS Analyses of 2,3,7,8-Substituted Polychlorinated Dibenzo-p-dioxins
and Dibenzofurans in SemiPermeable Membrane Devices (SPMDs) Deployed in Saginaw Bay.
Prepared by the Midwest Science Center, U. S. National Biological Service, Columbia, MO.
Final Laboratory Report FY-95-30-13. January 13.

U.S. EPA. 1978. Fish Collected in 1978 in the Saginaw and Tittabawassee Rivers. Prepared by
U.S. EPA, Region V.

U.S. EPA. 1985a. Michigan Dioxin Studies: Screening Survey of Surface Water Supplies,
Potable Ground Water, and Dow Chemical Brine Operations. Prepared by U.S. EPA, Region V,
Environmental Services Division, Eastern District Office, Westlake, OH. December.

U.S. EPA. 1985b. Study of Dioxin and other Toxic Pollutants. Prepared by U.S. EPA Region V.
April.

U.S. EPA. 1986. Data obtained by Dow Chemical for Tittabawassee River Fish in Response to a
Requirement of the Settlement Agreement in Civil Action No. 83-CV 7011 BC. Letter from
G. Amendola, Michigan Dioxin Studies, to R. Powers, Michigan DNR. January 27.

U.S. EPA. 1988a. Michigan Dioxin Studies: Incinerator Exhaust and Ambient Air Study Fact
Sheet. Prepared by U.S. EPA Office of Public Affairs, Region 5, Chicago, IL. April.

Page R-21
SC11317



References (April 2008)

U.S. EPA. 1988b. Proposed Risk Management Actions for Dioxin Contamination at Midland,
Michigan. EPA-905/4-88-006. Prepared by U.S. EPA, Region V, Chicago, IL. Public Review
Draft. April.

U.S. EPA. 1988c. Risk Assessment for Dioxin Contamination Midland, Michigan. EPA-905 4-
88-D06. U.S. Environmental Protection Agency, Washington, DC. March.

U.S. EPA. 1990. EPA ARCS Project — Saginaw River Master Station Sampling Sites, Data
Collected 1989-1990. Prepared by U.S. EPA, AScl Corporation, Large Lakes Research Station,
Grosse lle, MI.

U.S. EPA. 1994. ARCS Assessment Guidance Document. EPA 905-B94-002. Great Lakes
National Program Office, Chicago, IL. Available: http://64.233.169.104/search?q =
cache:yjF80KtnFCEJ:www.epa.gov/glnpo/arcs/EPA-905-B94-002/B94002-
ch7.html+invertebrate+Saginaw&hl = en&ct = clnk&cd = 17&gl = us. Accessed 1/2008.

U.S. EPA. 1998. Guidelines for Ecological Risk Assessment. EPA/630/R-95/002F. Risk
Assessment Forum, Washington, DC. April. Available:
http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid = 12460. Accessed 8/2007.

U.S. EPA. 2002. Primary Distinguishing Characteristics of Level 111 Ecoregions of the
Continental United States. April Draft. Available:
ftp://ftp.epa.gov/wed/ecoregions/us/useco_desc.doc. Accessed 8/2007.

U.S. EPA. 2007a. Enforcement Action Memorandum: Determination of an Imminent and
Substantial Threat to Public Health and the Environment at the Saginaw River Sediment Dioxin
Contamination Site (Wickes Park), Saginaw County, Michigan (Site ID #B5KF). U.S. EPA
Region V. November 15.

U.S. EPA. 2007b. In the Matter of: The Dow Chemical Company, Midland, Michigan,
Respondent. Administrative Settlement Agreement and Order on Consent for Removal Action:
Reach D. U.S. EPA Region V. July 12.

U.S. EPA. 2007c. In the Matter of: The Dow Chemical Company, Midland, Michigan,
Respondent. Administrative Settlement Agreement and Order on Consent for Removal Action:
Reach J-K. U.S. EPA Region V. July 12.

U.S. EPA. 2007d. In the Matter of: The Dow Chemical Company, Midland, Michigan,
Respondent. Administrative Settlement Agreement and Order on Consent for Removal Action:
Reach O. U.S. EPA Region V. July 12.

Page R-22
SC11317



References (April 2008)

U.S. EPA. 2007e. In the Matter of: The Dow Chemical Company, Midland, Michigan,
Respondent. Administrative Settlement Agreement and Order on Consent for Removal Action:
Saginaw River Sediment Dioxin Contamination Site (adjacent to Wickes Park, City of Saginaw,
Michigan). November 15.

U.S. EPA. 2007f. Press Release: EPA: Dow Chemical Must Clean Up Tittabawassee Hot Spots
Immediately. U.S. EPA Region V. June 27. Available:
http://yosemite.epa.qgov/opa/admpress.nsf/names/r05 2007-7-3 dowtittabawassee. Accessed
2/2008.

U.S. EPA. 2007g. Press Release: EPA: Dow to Clean Up Dioxin Hot Spot in the Saginaw River.
U.S. EPA Region V. November 15.

U.S. EPA. 2008. Region V Cleanup Sites: Tittabawassee River/Saginaw River/Saginaw Bay
Cleanup. Available: http://www.epa.gov/region5/sites/dowchemical/. Accessed 2/2008.

USFWS. 1993. U.S. Fish and Wildlife Service and Battelle Final Report for the U.S. EPA
GLNPO Assessment and Remediation of Contaminated Sediments (ARCS) Project: Biological
Assessment of Contaminated Great Lakes Sediment. Prepared by U.S. Department of the
Interior. January 8.

USFWS. 2001. Shiawassee National Wildlife Refuge: Comprehensive Conservation Plan.
U.S. Fish and Wildlife Service Region 3. Available:
http://library.fws.gov/CCPS/shiawassee_final.pdf. Accessed 1/2008.

USFWS. 2006. Preassessment Screen and Determination for Natural Resource Damages Related
to Releases at or from the Dow Chemical Company Manufacturing Plant Property at Midland,
Michigan. U.S. Fish and Wildlife Service Region 3. Tittabawassee River, Michigan Natural
Resource Damage Assessment Reports. Available:
http://www.fws.gov/midwest/TittabawasseeRiverNRDA/. Accessed 1/2008.

USFWS. 2007a. Memorandum of Agreement between the Natural Resource Trustees and the
Dow Chemical Company Governing Cooperative Natural Resource Damage Assessment
Activities. U.S. Fish and Wildlife Service. October. Available:
http://www.fws.gov/midwest/TittabawasseeRiverNRDA/documents/TR NRDA MOA final w
signatures 10-5-07.pdf. Accessed 3/2008.

USFWS. 2007b. Shiawassee National Wildlife Refuge Bird List. Available:
http://www.fws.gov/Midwest/shiawassee/RefugeBirdList2005.htm. Accessed 8/11/2008.

USFWS. 2008a. Endangered Species Program. Species Information. U.S. Fish and Wildlife
Service. Available: http://www.fws.qgov/endangered/wildlife.html. Accessed 3/2008.

Page R-23
SC11317



References (April 2008)

USFWS. 2008b. Wetlands Digital Data: Wetlands Geodatabase. U.S. Fish and Wildlife Service,
Division of Habitat and Resource Conservation and U.S. Geological Survey. March. Available:
http://wetlandsfws.er.usgs.gov/NWI/index.html. Accessed 3/2008.

USGS. 2006. NAS — Nonindigenous Aquatic Species. Results for Dreissena polymorpha (zebra
mussel) in Michigan. U.S. Geological Survey. Available:
http://nas.er.usgs.gov/queries/Collectioninfo.asp?SpeciesID = 5&state = MI. Accessed 8/2006.

Walterhouse, M. and K. Gerard. 1999. Observations and Water Quality Survey Results at Sites
on Saginaw Bay, Sleeper State Park, Huron County, Michigan, July 2, August 4, and
September 4, 1998. MI/DEQ/SWQ-99/019. Michigan Department of Environmental Quality.

Whitehead, D. 1968. The Dow Story: The History of the Dow Chemical Company. McGraw-Hill,
New York.

WHO. 2007. Dioxins and their Effects on Human Health. Fact Sheet Number 225. World Health
Organization. November. Available: http://www.who.int/mediacentre/factsheets/fs225/en/.
Accessed 1/2008.

Willson, R. 1972. Memorandum to J. Bohunsky from R. Willson, May 12, 1972. Fish kill
Saginaw River Mouth. Report #043120. Michigan Department of Environmental Quality.

Wouerthele, M. 1968. Water Temperature Survey, Saginaw River Mouth, Saginaw, Michigan.
Report #104550. Michigan Department of Environmental Quality.

Wouerthele, M. 1971. Caged Fish Study in the Tittabawassee River Above and Below the Dow
Chemical Company Discharges, Midland, Michigan, August 27-September 2, 1971. Report
#MI/DNR/SWQ-91/118. Michigan Department of Natural Resources.

Yamashita, N., S. Tanabe, J.P. Ludwig, H. Kurita, M.E. Ludwig, and R. Tatsukawa. 1993.
Embryonic abnormalities and organochlorine contamination in double-crested cormorants
(Phalacrocorax auritus) and Caspian terns (Hydroprogne caspia) from the upper Great Lakes in
1988. Environ. Pollut. 79:163-173.

Zillich, J.A. 1972. Ecological Survey of the Saginaw River and its Major Tributaries with
Special Emphasis on the Tittabawassee River. Prepared by Waste Control Department, Midland
Division, and The Dow Chemical Company.

Zillich, J.A., J. Truchan, and J. Hesse. 1973. The Techniques Involved in Sampling and
Interpreting Ecological Impacts in a Watershed. Dow Chemical Company, Midland, Ml, and
Michigan Department of Natural Resources.

Page R-24
SC11317



References (April 2008)

Zollweg, E.C. and T.D. Hill. 2002. Shiawassee NWR Fishery Management Plan Inventory and
Analysis. Alpena Fishery Resources Office, Alpena, MI. Available:
http://www.fws.gov/Midwest/Alpena/documents/rpt-shia0l.pdf. Accessed 1/2008.

Zwiernik, M.J., J. Moore, J.S. Khim, L.L. Williams, D.P. Kay, S. Bursian, and J.P. Giesy. Non-
destructive scat sampling in exposure assessment of mink (Mustela vison) exposed to
polychlorinated dibenzofurans (PCDFs). Archives of Environmental Contamination and
Toxicology. In press (a).

Zwiernik, M.J., K.J. Beckett, S. Bursian, D.P. Kay, R.R. Holem, J.N. Moore, B. Yamini, and J.P.
Giesy. Chronic effects of polychlorinated dibenzofurans on mink in laboratory and field
environments. In press (b).

Zwiernik, M.J, D. Kay, J. Moore, K.J. Beckett, J.S. Khim, J.L. Newsted, S. Roark, and J.P.
Giesy. Exposure and effects assessment of resident mink exposed to polychlorinated
dibenzofurans and other dioxin-like compounds in the Tittabawassee River Basin, Midland, Ml,
USA on wild mink (Mustela vison). In press (c).

Zwiernik, M.J., S. Bursian, L. Aylward, D. Kay, J. Moore, J.C. Rowlands, K. Woodburn, J.S.
Khim, J.P. Giesy, and R.A. Budinsky. Pharmacokinetic evaluation of exposure to ecologically
relevant concentrations of 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF in mink (Mustela vison). In press

(d).

Page R-25
SC11317



A. Tittabawassee River System Assessment
Area Biota Lists

SC11317



Attachment A (April 2008)

Table A.1. Fish sampled in the TRSAA

Tittabawassee and TRSAA

Common name (species) Saginaw rivers Saginaw Bay tributaries
Alewife (Dorosoma cepedianum) X X

Black bullhead (Ameiurus melas) X X
Black crappie (Pomoxis nigromaculatus) X X X
Blacknose dace (Rhinichthys atratus) X
Blackside darter (Percina maculata) X
Bluegill (Lepomis macrochirus) X X
Bowfin (Amia calva)® X
Brook stickleback (Culaea inconstans) X
Burbot (Lota lota) X

Carp (Cyprinus carpio)® X X
Channel catfish (Ictalurus punctatus) X

Chinook salmon (Oncorhynchus tschawytscha)® X X

Common shiner (Notropis cornutus)

Emerald shiner (Notropis atherinoides) X X
Fathead minnow (Pimephales promelas)

Freshwater drum (Aplodinotus grunniens)

Gizzard shad (Dorosoma cepedianum)

Golden shiner (Notemigonus crysoleucas)

Goldfish (Carassius auratus)® X
Green sunfish (Lepomis cyanellus)

Hog sucker (Hypentelium nigricans)

Hornyhead chub (Hybopsis biguttata)

Johnny darter (Etheostoma nigrum)

Lake herring (Coregonus artedii) X
Lake sturgeon (Acipenser fulvescens)

Lake trout (Salvelinus namaycush)

Lake whitefish (Coregonus clupeaformis)

Largemouth bass (Micropterus salmoides)

Logperch darter (Percina caprodes)

Longear sunfish (Lepomis megalotis) X

x

X X X X X X

X X X X X X
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Attachment A (April 2008)

Table A.1. Fish sampled in the TRSAA (cont.)

Tittabawassee and TRSAA
Common name (species) Saginaw rivers Saginaw Bay tributaries

Longnose sucker (Catostomus catostomus) X
Northern pike (Esox lucius) X X
Northern redhorse (Moxostoma aureolum)
Orangespotted sunfish (Lepomis humilis)
Pumpkinseed (Lepomis gibbosus)
Quillback (Carpiodes cyprinus)

Rockbass (Ambloplites rupestris)

X X X X X X

X X X X

Rosy-face shiner (Notropis rubellus)
Round whitefish (Prosopium cylindraceum) X

Sculpin (Cottus spp.)

Sea lamprey (Petromyzon marinus)®

Shad (Dorosoma cepedianum) X

Smallmouth bass (Micropterus dolomieui) X X X
Smelt (Osmerus mordax)®

Spotfin shiner (Cyprinella spiloptera)

Spottail shiner (Notropis hudsonius) X X

Spotted sucker (Minytrema melanops)

Steelhead (Oncorhynchus mykiss)? X X

Stonecat (Noturus flavus) X
Trout perch (Percopsis omiscomaycus)

Walleye (Sander vitreus vitreus) X

Warmouth (Lepomis gulosus) X
White bass (Morone chrysops)

White crappie (Pomoxis annularis) X
White perch (Morone americana)®

White sucker (Catostomus commersonii) X
Yellow bullhead (Ameiurus natalis) X
Yellow perch (Perca flavescens) X X

X X X X

a. Species not native to the region.

Sources: Zillich, 1972; Batchelder, 1973; Dow Chemical, 1987; MDNR, 1990b, 1991d, 1994b, 1994e; PSC,
2002; Zollweg and Hill, 2002; Galbraith Environmental Services, 2003.
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Attachment A (April 2008)

Table A.2. Vegetation common to northern mesic forests and wetlands

Ecosystem/species Vegetation type
Northern mesic forest
Alternate-leaved dogwood (Cornus alternifolia) Shrub
Beaked hazelnut (Corylus cornuta) Shrub
Canada yew (Taxus canadensis) Shrub
Maple-leaf viburnum (Viburnum acerifolium) Shrub
Mountain maple (Acer spicatum) Shrub
Red elderberry (Sambucus pubens) Shrub
Striped maple (Acer pennsylvanicum) Shrub
Baneberry (Actaea spp.) Herbaceous plant
Beech drops (Epifagus virginiana) Herbaceous plant
Bunchberry (Cornus canadensis) Herbaceous plant
Coral root (Corallorhiza spp.) Herbaceous plant
Hairy Solomon’s-seal (Polygonatum pubescens) Herbaceous plant
Indian pipe (Monotropa spp.) Herbaceous plant
Jack-in-the-pulpit (Arisaema triphyllum) Herbaceous plant
Sedges (Carex spp.) Herbaceous plant
Starflower (Trientalis borealis) Herbaceous plant
Trillium (Trillium spp.) Herbaceous plant
American basswood (Tilia americana) Tree
American beech (Fagus grandifolia) Tree
American elm (UImus americana) Tree
Balsam fir (Abies balsamea) Tree
Eastern hemlock (Tsuga canadensis) Tree
Ironwood or hop-hornbeam (Ostrya virginiana) Tree
Paper or white birch (Betula papyrifera) Tree
Red maple (Acer rubrum) Tree
Red oak (Quercus rubra) Tree
Sugar maple (Acer saccharum) Tree
White ash (Fraxinus americana) Tree
White cedar (Thuja occidentalis) Tree
White pine (Pinus strobus) Tree
Yellow birch (Betula alleghaniensis) Tree
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Attachment A (April 2008)

Table A.2. Vegetation common to northern mesic forests and wetlands (cont.)

Ecosystem/species Vegetation type
Wet prairie

Big blue stem (Andropogon gerardii) Grass

Blue joint grass (Calamagrostis canadensis) Grass

Cord grass (Spartina spp.) Grass

Indian grass (Sorghastrum nutans) Grass

Bulrushes (Family Typhaceae) Herbaceous plant
Reed grass (Phragmites spp.) Herbaceous plant
Rushes (Family Juncaceae) Herbaceous plant
Sedges (Cyperaceae spp.) Herbaceous plant
Willows (Salix spp.) Shrub or tree
American elm (Ulmus americana) Tree

Black ash (Fraxinus nigra) Tree

Black oak (Quercus velutina) Tree

Box elder (Acer negundo) Tree

Eastern hemlock (Tsuga canadensis) Tree

Quaking aspen (Populus tremuloides) Tree

Red maple (Acer rubrum) Tree

Tamarack (Larix laricina) Tree

White oak (Quercus alba) Tree

Lowland conifer swamp

Black ash (Fraxinus nigra) Tree

Black maple (Acer nigra) Tree

Black willow (Salix nigra) Tree

Butternut (Juglans cinerea) Tree

Eastern hemlock (Tsuga canadensis) Tree

Elm (Ulmus spp.) Tree

Green ash (Fraxinus pennsylvanica) Tree

Ohio buckeye (Aesculus glabra) Tree

Sugar maple (Acer saccharum) Tree

Tamarack (Larix laricina) Tree

White pine (Pinus strobes) Tree

White poplar (Populus alba) Tree

Sources: Albert, 1995; MSU, 2008.
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Attachment A (April 2008)

Table A.3. Bird, reptile, amphibian, and mammal

species common to the TRSAA?

Birds

American robin (Turdus migratorius)
Baltimore oriole (Icterus galbula)
Bank swallow (Riparia riparia)
Belted kingfisher (Megaceryle alcyon)
Blue jay (Cyanocitta cristata)

Great blue heron (Ardea herodias)
Great horned owl (Bubo virginianus)
Mallard duck (Anas platyrhynchos)
Red tail hawk (Buteo jamaicensis)
Spotted sandpiper (Actitis macularia)
Turkey vulture (Cathartes aura)

Reptiles and amphibians

Blue racer (Coluber constrictor foxi)

Blue-spotted salamander (Ambystoma laterale)
Bullfrog (Rana catesbeiana)

Common map turtle (Graptemys geographica)
Common musk turtle (Sternotherus odoratus)
Common snapping turtle (Chelydra serpentina)
Eastern american toad (Bufo americanus)

Eastern box turtle (Terrapene carolina carolina)
Eastern hog-nosed snake (Heterodon platirhinos)
Eastern milk snake (Lampropeltis triangulum triangulum)
Northern spring peeper (Pseudacris crucifer)

Painted turtle (Chrysemys picta)

Red-backed salamander (Plethodon cinereus)
Red-eared slider (Trachemys scripta elegans)

Spiny soft-shell turtle (Apalone spinifera spinifera)
Spotted turtle (Clemmys guttata)

Western chorus frog (Pseudacris triseriata triseriata)
Wood frog (Rana sylvatica)
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Attachment A (April 2008)

Table A.3. Bird, reptile, amphibian, and mammal
species common to the TRSAA? (cont.)

Mammals

Beaver (Castor canadensis)

Ground hog (Marmota monax)

Meadow jumping mouse (Zapus hudsonius)
Mink (Mustela vison)

Muskrat (Ondatra zibethica)

Raccoon (Procyon lotor)

Short-tailed shrew (Blarina brevicauda)
White footed mouse (Peromyscus leucopus)

a. These species are in addition to those mentioned in the text.
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Attachment B (April 2008)

Table B.1. Dow products® 1897-1917

Year Product Description Reference
1897 Potassium bromide Many industrial applications Karpiuk, 1984; Dow Chemical, 2007c
1897 Bleaching powder (calcium hypochlorite) Used primarily in the paper and linen industry Stock and Orna, 1989; ATS, 2006b
1897 Zinc chloride (byproduct of bleach powder Many industrial applications Karpiuk, 1984; Stock and Orna, 1989
production)
1903 Chloroform Solvent, anesthetic ATS, 2006b
1903 Carbon tetrachloride Fire extinguisher, starting product, household cleaner Karpiuk, 1984; ATS, 2006b
1904 Benzoic acid Many industrial applications ATS, 2006b
1905 Sodium benzoate Preservative Karpiuk, 1984
1905- Calcium sulfide (lime sulfur) Fungicide Karpiuk, 1984
1908
1910 Lead arsenate Agriculture Karpiuk, 1984; ATS, 2006b
1911 Magnesium chloride Used to produce Milk of Magnesia, Epsom salts, and Haynes, 1945; Karpiuk, 1984
stucco building materials
1911 Calcium chloride Dust control agent, refrigerant, road salt Karpiuk, 1984
1913 Raw chlorine Disinfectant, liquid bleach Dow Chemical, 2007c
1913 Sodium hydroxide (caustic soda, co- Replaced pot ash in industrial processes ATS, 2006b

product with chlorine extraction)

a. The products listed here are those identified as in-production from 1897 to 1910; additional products may have been produced during this period.
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Attachment B (April 2008)

Table B.2. Dow products® World War | (1914-1919)

Year Product Description Reference
1914 Iron chloride Engraving and rotogravure Karpiuk, 1984
1914  Zinc chloride Soldering flux and many industrial applications Karpiuk, 1984
1914 Sodium hydroxide (caustic soda) Replaced pot ash in industrial processes Karpiuk, 1984; Brandt, 1997; ATS,
2006b
1914 Phenol (via sulfonation process) Many industrial applications Karpiuk, 1984
1914- Indigo Synthetic textile dye Haynes, 1945; Karpiuk, 1984
1917
1915 Salicylic acid Chemical intermediate medicinal products Karpiuk, 1984
1916 Calcium chloride Dust control agent, refrigerant, road salt Dow Chemical, 2007¢c
1916 Magnesium metal Car engines, airplane parts, products made with metal Karpiuk, 1984; ATS, 2006b; Dow
(began marketing 1919) Chemical, 2007c
1916- Acetylsalicylic acid (aspirin) Pharmaceutical Haynes, 1945; Dow Chemical, 2007¢
1917
1917 Benzyl chloride Chemical intermediate Haynes, 1945
1917 Sodium benzoate Chemical intermediate Haynes, 1945
® " Dichlorodiethyl sulfide (mustard gas) Poisonous gas Karpiuk, 1984
b Ethylene glycol (from chlorohydrin) Many industrial applications Haynes, 1945; Karpiuk, 1984
b Chlorobromoethane Smoke screens (ships and on the battle field) Brandt, 1997
b Chlorine Many industrial applications Brandt, 1997; ATS, 2006b
® " Bromine Tear gas and other lachrymators Brandt, 1997
b Carbon tetrachloride War products Brandt, 1997
® " Trinitrophenol (picric acid) Explosives Brandt, 1997
® Acetic anhydride Varnish for airplanes Brandt, 1997
® " Calcium sulfide and lead arsenate Fruit insecticides Brandt, 1997
b Chloroform Solvent, anesthetic Brandt, 1997
® " Monochlorobenzene (chlorobenzene) Explosives Brandt, 1997
b Ethylene chlorohydrin (and acetate) Many industrial applications Haynes, 1945
b

Dichloroacetic acid

Many industrial applications

Haynes, 1945
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Attachment B (April 2008)

Table B.2. Dow products® World War | (1914-1919) (cont.)

Year Product Description Reference
b Sulfuric acid Many industrial applications Haynes, 1945
® " Sodium acetate Many industrial applications Haynes, 1945
b 2-phenylphenol (Dowicide) Biocide, chemical intermediate ATS, 2006b
® p-dichlorobenzene (1,4-dichlorobenzene  Moth repellent, deodorizer, chemical intermediate ATS, 2006b

or Paradow)

a. The products listed here are those identified as in-production during WW]I; additional products may have been produced during this period.
b. Exact dates of production not known, but identified as produced during WWI.
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Attachment B (April 2008)

Table B.3. Dow products® Intra-War (1920-1938)

Product Description Reference
1,1,1-trichloroethane Solvent ATS, 2006b

2 ciba blues Synthetic textile dye Author unknown, 1926

2 vat blues Synthetic textile dye Author unknown, 1926

Acetic acid Chemical intermediate ATS, 2006b

Acetic anhydride Chemical intermediate Author unknown, 1926; Haynes, 1945

Acetyl salicylic acid (aspirin)

Pharmaceutical

Author unknown, 1926

Acetyl tetrabromide

Used in automotive gauges

Author unknown, 1926

Acetylene tetrabromide Solvent ATS, 2006b
Ammonium bromide Pharmaceutical Author unknown, 1926
Aniline Used to produce dyes, plastics, and medicines ATS, 2006b
Aniline hydrochloride Used in dyeing and printing ATS, 2006b
Anthralic acid Chemical intermediate ATS, 2006b

Anthranilic acid

Intermediate for production of dyes, pigments, and
artificial flavors

Author unknown, 1926

Barium bromate Chemical intermediate ATS, 2006b
Bromine (purified) Many industrial applications ATS, 2006b
Bromoform Solvent, sedative, and flame retardant ATS, 2006b
Cadmium bromate Chemical intermediate ATS, 2006b

Calcium arsenate

Cotton insecticide

Author unknown, 1926

Calcium bromide

Pharmaceutical

Author unknown, 1926

Calcium chloride

Dust control agent, refrigerant, road salt

Author unknown, 1926

Camphor monobromated

Pharmaceutical

Author unknown, 1926

Carbon bisulfide Chemical intermediate ATS, 2006b
Carbon tetrachloride Fire extinguisher, starting product, household cleaner ATS, 2006b
Chloracetyl chloride Chemical intermediate ATS, 2006b
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Attachment B (April 2008)

Table B.3. Dow products® Intra-War (1920-1938) (cont.)

Product

Description

Reference

Chloroethylacetate

Solvent

Author unknown, 1926

Chlorinated phenols Chemical intermediates, fungicides, bactericides, ATS, 2006b
herbicides, polystyrene
Chlorine Many industrial applications ATS, 2006b
Chlorobenzene Intermediate for many phenolic chemicals Author unknown, 1926; ATS, 2006b
Chloroform Solvent, anesthetic Author unknown, 1926
Cinchophen Analgesic drug ATS, 2006b
Coumarin Chemical intermediate ATS, 2006b

Dichloroacetic acid

Chemical intermediate

Author unknown, 1926

Dichloromethane

Solvent

Author unknown, 1926; ATS, 2006b

Diethylaniline

Chemical intermediate

ATS, 2006b

Dimethylaniline

Chemical intermediate

ATS, 2006b

Diphenyl oxide

Phenol side-product, Dowtherm, thermal fluid

Whitehead, 1968

Ethyl bromide

Chemical intermediate

Author unknown, 1926

Ethyl cellulose Dow’s first plastic: telephone headsets, dust goggles, ATS, 2006b
airplane parts
Ethyl monochloroacetate Chemical intermediate ATS, 2006b

Ethylene chlorhydrin

Intermediate for phenyl ethyl alcohol, procaine, synthetic
indigo

Author unknown, 1926

Ethylene chloride

Solvent

Author unknown, 1926

Ethylene chlorobromide Fruit fumigant ATS, 2006b
Ethylene dibromide Many industrial applications, prevent engine knocking Brandt, 1997
Ferric chloride Many industrial applications ATS, 2006b

Ferrous chloride

Intermediate for production of dyes

Author unknown, 1926

Hexachloroethane

Smoke screens

Author unknown, 1926
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Table B.3. Dow products® Intra-War (1920-1938) (cont.)

Product

Description

Reference

Hydrobromic acid

Extracting radium from ore

Author unknown, 1926

Hydrochloric acid (Dowell)

Many industrial applications

ATS, 2006b

Indigo Synthetic textile dye Author unknown, 1926
Iron chloride Engraving and rotogravure Author unknown, 1926
Lead arsenate Contact insecticide Author unknown, 1926
Lime sulfur Contact solution, fungicide Author unknown, 1926

Lithium bromide

Pharmaceutical

Author unknown, 1926

Lithium salicylate

Chemical intermediate

ATS, 2006b

Magnesium

Commonly used metal

Whitehead, 1968

Magnesium alloy (Dowmetal)

Car engines, airplane parts, metal accessories

Author unknown, 1926

Magnesium arsenate Insecticide ATS, 2006b
Magnesium bromate Chemical intermediate ATS, 2006b
Magnesium bromide Sedative ATS, 2006b

Magnesium chloride

Used to produce Milk of Magnesia, Epsom salts, and
stucco building materials

Author unknown, 1926

Magnesium oxychloride Used to produce stucco building materials ATS, 2006b
Magnesium salicylate Pharmaceutical ATS, 2006b
Magnesium sulfate Epsom salt, medicine Author unknown, 1926
Methyl anthranilate Pharmaceutical ATS, 2006b
Methyl bromide (bromomethane) Fumigant ATS, 2006b

Methyl salicylate (oil of wintergreen)

Flavoring agent, pharmaceutical, furniture polish

Author unknown, 1926; ATS, 2006b

Monobromobenzene

Intermediate for many phenolic chemicals

ATS, 2006b

Monochloracetic acid

Chemical intermediate

Author unknown, 1926; ATS, 2006b

Nicotine sulfate

Contact insecticide

Author unknown, 1926

Orthocresotinic acid

Chemical intermediate

ATS, 2006b
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Table B.3. Dow products® Intra-War (1920-1938) (cont.)

Product Description Reference
Orthodichlorobenzene Solvent ATS, 2006b
Orthophenylphenol (phenol byproduct) Insecticide Whitehead, 1968; ATS, 2006b

Para dibromobenzene

Disinfectant

Author unknown, 1926

Paradichlorobenzene (1,4-dichlorobenzene)

Moth repellent, deodorizer, chemical intermediate

ATS, 2006b

Paraphenetidin

Pharmaceutical intermediate

ATS, 2006b

Paraphenylphenol (phenol byproduct)

Insecticide, boat hull varnish

Whitehead, 1968

Pentachloroethane

Solvent

Author unknown, 1926

Phenol

Many industrial applications

Whitehead, 1968; ATS, 2006b

Phenol salicylate

Chemical intermediate

ATS, 2006b

Phenyl acetate

Solvent

Author unknown, 1926

Phenyl salicylate (Salol)

Intestinal antiseptic

Author unknown, 1926

Phenylethyl alcohol

Pharmaceutical intermediate, biocide, synthetic rose
perfumes

Haynes, 1945

Polystyrene Plastic ATS, 2006b
Potassium bromate Used in baked preparing goods ATS, 2006b
Potassium bromide Pharmaceuticals, photograph production Author unknown, 1926
Propylene chloride Plastic resin ATS, 2006b
Salicylaldehyde Chemical intermediate ATS, 2006b
Salicylic acid Pharmaceutical intermediate, preservative, dye Author unknown, 1926
Sodium bromate Intermediate for production of dyes ATS, 2006b

Sodium bromide

Pharmaceutical

Author unknown, 1926

Sodium chloride Common salt Whitehead, 1968; ATS, 2006b
Sodium hydroxide (caustic soda) Many industrial applications ATS, 2006b
Sodium salicylate Rheumatism Author unknown, 1926; ATS, 2006b

Sodium sulfide

Many industrial applications

ATS, 2006b
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Table B.3. Dow products® Intra-War (1920-1938) (cont.)

Product Description Reference
Strontium bromide Pharmaceutical Author unknown, 1926
Strontium salicylate Pharmaceutical intermediate ATS, 2006b

Styrene Synthetic rubber intermediate Brandt, 1997

Sulfur chloride Chemical intermediate ATS, 2006b

Sulfur monochloride Chemical intermediate ATS, 2006b
Tetrachloroethane Chemical intermediate ATS, 2006b
Tetrachloroethylene Solvent ATS, 2006b
Tribromophenol Pesticide ATS, 2006b

Trichloracetic acid

Corn and wart remover

Author unknown, 1926

Trichloroacetic acid

Pharmaceutical intermediate

Author unknown, 1926; ATS, 2006b

Trichloroethylene

Solvent

Author unknown, 1926

Vinylidene chloride

Plastic intermediate

ATS, 2006b

a. The products listed here are those identified as in-production between WWI1 and WWII; additional products may have been produced during this

period.
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Table B.4. Dow products® World War 11 (1939-1945)

Product

Description

Reference

Synthetic rubber

Airplane parts, tires

Brandt, 1997

Magnesium metal

Airplane parts

Brandt, 1997

Thiokol rubber

Retreading tires

Brandt, 1997; ATS, 2006b

Saran™ Insect screens, military gear wrap, boot liner Brandt, 1997
Hexachloroethane Smoke screens Brandt, 1997
Butadiene Used in synthetic rubber production Brandt, 1997
Styrene Synthetic rubber intermediate Brandt, 1997
Phenol Many industrial applications Brandt, 1997
CC2 (Impregnate) Impregnate clothing, make resistant to gas warfare agents Brandt, 1997
Polyfiber Polystyrene fibers used to cover radar dishes Brandt, 1997
Styraloy Thermal-tolerant rubbery plastic Brandt, 1997
Silicone Chemically resistant greases, insulating resins, and lubricants ~ Brandt, 1997
2,4-dichlorophenoxyacetic acid (2,4-D; Dowspary 66;  Herbicide, ingredient in agent orange ATS, 2006b
Esteron 44; Esteron 99; Brush killer)

Polystyrene foam (Styrofoam) Building and packaging material ATS, 2006b
Diisopropanolamine Many industrial applications ATS, 2006b
1,1-dichloroethane Many industrial applications ATS, 2006b
1,2,4,5-tetrachlorobenzene Pesticide intermediate ATS, 2006b

a. Dow products confirmed to have been manufactured during WWII.

Page B-9
SC11317



Attachment B (April 2008)

Table B.5. Dow products at Midland® 1946 to present

dates not known

Year Product Description Reference

Post-WWII, exact Chlorine Organic chemicals, paper, water purification Whitehead, 1968; Stock and Orna, 1989
dates not known

Post-WWII, exact Ammonia General industrial uses Whitehead, 1968

dates not known

Post-WWII, exact Aniline Used to produce dyes, plastics, and medicines Whitehead, 1968

dates not known

Post-WWII, exact Butadiene Used in synthetic rubber production Whitehead, 1968

dates not known

Post-WWII, exact Styrene Used in synthetic rubber production Whitehead, 1968

dates not known

Post-WWII, exact Bromides Medical and photographic uses Whitehead, 1968

dates not known

Post-WWII, exact ldodides Medical and photographic uses Whitehead, 1968

Post-WW]II, exact
dates not known

Calcium chloride

Dust control agent, refrigerant, road salt

Whitehead, 1968

Post-WW]II, exact
dates not known

Carbon tetrachloride

Dry cleaners, fire extinguishers, solvent extraction

Whitehead, 1968

Post-WW]II, exact
dates not known

Sodium hydroxide (caustic
soda)

Many industrial applications

Whitehead, 1968

Post-WWII, exact Dowicides Treat lumber, fabrics, glue, paint, germicides Whitehead, 1968
dates not known
Post-WWII, exact Epsom salts Medical purposes, leather and rayon manufacturing Whitehead, 1968

dates not known

Post-WW]II, exact
dates not known

Ethylene dibromide

Many industrial applications, prevent engine knocking

Whitehead, 1968
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Table B.5. Dow products at Midland® 1946 to present (cont.)

Year Product Description Reference

Post-WWII, exact
dates not known

Ethylene and propylene
glycols

Antifreeze, explosives, dyes, plasticizers, solvents

Whitehead, 1968; ATS, 2006b

Post-WWII, exact
dates not known

Ethylene oxide

Manufacture of organic chemicals, detergents, plasticizers,
insecticides

Whitehead, 1968

Post-WWII, exact
dates not known

Ferric chloride

Many industrial applications, photoengraving, sewage

Whitehead, 1968

Post-WWII, exact
dates not known

Hydrochloric acid

Many industrial uses

Whitehead, 1968

Post-WWII, exact
dates not known

Magnesium chloride

Manufacture of stucco, cements, Mg* metal

Whitehead, 1968

Post-WWII, exact
dates not known

Organic chlorides

Industrial solvent for waxes, tars, greases, fat extraction

Whitehead, 1968

Post-WWII, exact
dates not known

Phenols

Manufacture of plastics, resins, pharmaceuticals, oil
refining

Whitehead, 1968

Post-WW]II, exact
dates not known

Sodium sulphide

Manufacture of rubber, paper, leather

Whitehead, 1968

Post-WW]II, exact
dates not known

Vinyl

Plastic intermediate

Whitehead, 1968

Post-WW]II, exact
dates not known

Vinylidene chloride

Plastic intermediate

Whitehead, 1968

1940s° Acrylonitrile Plastic intermediate ATS, 2006b
1940s° Alpha-methylstyrene Plastic intermediate ATS, 2006b
1940s" Antipyrene Many industrial uses ATS, 2006b
1940s" Dimethylaminobenzene Chemical intermediate ATS, 2006b
1940s° Dicyclopentadiene Used in resins, inks, adhesives, and paints ATS, 2006b
1940s" Dinitro-o-sec-butylphenol ~ Herbicide ATS, 2006b
(Dinoseb)
1940s" Toluene Solvent, many industrial uses ATS, 2006b
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Table B.5. Dow products at Midland® 1946 to present (cont.)

Year Product Description Reference
1940s° Xylidene Used to produce dyes, drugs, and organic chemicals ATS, 2006b
1946-1983 Bromoform Solvent, sedative, and flame retardant ATS, 2006b
1946-? Diethylbenzene Chemical intermediate ATS, 2006b
1947-1980 Pentachlorophenol Herbicide, insecticide, fungicide, algaecide, disinfectant, ATS, 2006b
and as an ingredient in antifouling paint
1947-2000 Methylchloroacetate Chemical intermediate ATS, 2006b
1948-1972 4-chloro-2-phenylphenol Pesticide ATS, 2006b
(Dowicide 32)
1948-1977 Sodium trichloroacetate Used in herbicides and pesticides ATS, 2006b
1949-1984 2-chloropropionic acid Intermediate in agricultural, chemical, and pharmaceutical ATS, 2006b
production
1950-? 2,4,5-trichlorophenoxyacetic Herbicide, ingredient in agent orange ATS, 2006b
acid (2,4,5-T)
1950-? 2-chloro-1-morpholin-4-yl-  Corrosion protectant, chemical emulsifier ATS, 2006b
ethanone (Morpholine)
1950-1965 O-chlorophenol Intermediate for the synthesis of pesticides, medicines, ATS, 2006b

phenolic resins, dyes, aroma compounds, and other
organic chemicals

1950-1968 P-dibromobenzene Chemical intermediate ATS, 2006b
1950-1970 Bromobenzene Pharmaceutical intermediate ATS, 2006b
1950s° Acrylic acid Used to make plastics, coatings, adhesives, elastomers, as ATS, 2006b
well as floor polishes and paints
1950s° Parachlorophenol Antibacterial agent ATS, 2006b
1950s° Polystyrene foam Building and packaging material ATS, 2006b
(Styrofoam)
1950s° Tetrachlorobenzene Pesticide intermediate ATS, 2006b
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Attachment B (April 2008)

Table B.5. Dow products at Midland® 1946 to present (cont.)

Year Product Description Reference
1950s" Trichlorophenol Pesticide ATS, 2006b
1950s-? Polyacrylamide (Separan)  Water-absorbent acrylate polymer ATS, 2006b
1950s-? Styrene/butadiene latex Water-based polymer used for carpet backing and paper ~ ATS, 2006b
coating
1951-? 0,0-dimethyl-0-(2,4,5- Pesticide ATS, 2006b

trichlorophenol)
phosphorothioate (Dowpon,
Ronnel Ruelene)

1951-1966 Tetraethylene pentamine Textile dye ATS, 2006b
1951- Tetrasodium Chelating agent ATS, 2006b
pilot plant ethylenediaminetetraacetate
(Versene)
1952-1976 Bromomethylbenzene Lachrymator, used in organic synthesis ATS, 2006b
(benzyl bromide)
1954-2 2,2-Dichloropropionic acid  Herbicide and plant growth regulator ATS, 2006b
(Dalapon)
1954-1971 Acrylamide Many industrial uses ATS, 2006b
1954-1979 2-(2,4,5-trinitrophenoxy) Herbicide ATS, 2006b
ethyl 2,2-dichlorpropanoate
(Erbon)
1957-1975 1,2-dibromo-3- Solvent ATS, 2006b
chloropropane (Dowanol
PM)
1957-1977 Dimethoxy-sulfanylidene-  Organophosphorus pesticide ATS, 2006b

(2,4,5-trychlor-phenoxy-
phosphrane) (Ronnel)

1957-1988 2-ethoxyethanol (Dowanol  Solvent ATS, 2006b
EE)
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Attachment B (April 2008)

Table B.5. Dow products at Midland® 1946 to present (cont.)

(Dowanol PIB)

Year Product Description Reference
1957-1988 2-methoxyethanol (Dowanol Solvent ATS, 2006b
EM)
1958-1990 1-methoxy-2-propanol Solvent ATS, 2006b
(Dowanol PM)
1959-1983 Dichloroprpenes and Soil fumigant ATS, 2006b
dichloropropanes (Vidden)
1960-? 0-2,4-dichlorophenyl-o- Herbicide ATS, 2006b
methyl
1960-1967 2-phenoxyethanol (Dowanol Solvent ATS, 2006b
EP and Dowanol EPH)
1960-1978 Methylene bromide Many industrial uses ATS, 2006b
1960-1988 2-butoxyethanol (Dowanol  Solvent ATS, 2006b
EB)
1960s° Isopropylphosphoramido- ~ Herbicide ATS, 2006b
thioate (Zytron)
1961-1965, pilot  4-dimethylamino-3,5- Pesticide ATS, 2006b
scale dimethyl-phenyl
1961-1975 Methylaminoformate Pesticide ATS, 2006b
(Zectran)
1962-1979 (17-acetyl-6-chloro-3- Nylon composite ATS, 2006b
hydroxy-10,10-dimethyI-
1,2,3,8,9,11,14,15,16-
decahydrocydopenta[a]phen
anthren-17-yl) acetate
(Verton)
1962-1981 1-isobutyxy-2-propanol Liquid surfactant ATS, 2006b
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Attachment B (April 2008)

Table B.5. Dow products at Midland® 1946 to present (cont.)

Year Product Description Reference
1963-1965 Tert-butyl-salol (Tausol) Unknown ATS, 2006b
1963-1975 Dimethylamine salt of 2- Textile preservative ATS, 2006b

methyl-chlorophenoxyacetic
acid (Dowicil TBS)

1964-1979 O-sec-butylphenol Many industrial uses ATS, 2006b

1965, Chlorpyrifos 0,0-diethyl o-  Pesticide ATS, 2006b
pilot scale (2,4,6-trichlor-2-pyridyl)

(Dursban™)

1965-? Zetabon Coils of metal coated with ethylene copolymer plastic ATS, 2006b

1965-1968 2,3,5-trichloro-1H-pyridin-  Herbicide ATS, 2006b
4-one (Daxtron)

1965-1982 4-Chloro-2- Germicidal agent ATS, 2006b
cyclopentylphenol
(Dowicide 9)

1966-? Pentachloropyridine Unknown ATS, 2006b
1966-1970 T-butylsalol Unknown ATS, 2006b
1966-2000 Triisopropanolamine Raw material for cement grinding aids ATS, 2006b
1967-1979 Tricyclohexylstannane Unknown ATS, 2006b

hydrate

1969-1986 Decabromodiphenyl oxide  Re retardant additive to thermoplastic resins, polyethylene, ATS, 2006b
polystyrene, adhesives, polyester fibers and coatings for
textiles, paints, and for high-impact polystyrene

1970s Chlopyrifos insecticides Insecticides (domestic and industrial) ATS, 2006b
(Dursban™ and Lorsban™)

1970s 2-chloro-N- Herbicide ATS, 2006b
isopropylacetanilide

1980s Saran/Handi-Wrap™ Domestic products ATS, 2006b

1980s Scrubbing Bubbles® Household cleaner ATS, 2006b

1980s Seldane™ Non-sedating antihistamine ATS, 2006b
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Attachment B (April 2008)

Table B.5. Dow products at Midland® 1946 to present (cont.)

Year Product Description Reference
1980s Drytech™ Absorbent (especially used in diapers) ATS, 2006b
2000 Silk Semiconductor dielectric resin for IBM Dow Chemical, 2007¢c
2003 Penoxsulam Rice herbicide Dow Chemical, 2007¢c

a. This is not a comprehensive list of chemical produced by Dow. This is partly due to Dow’s expansion into other regions in the U.S. and world after
WWI which made identifying products solely made in Midland difficult. Chemicals associated with research and development may not be reflected in
this list.

b. Compound listed as produced in the decade indicated but no specific dates were reported.

Page B-16
SC11317



C. Hazardous Substances Associated with
Past and Present Dow Plant Processes
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant processes.
Hazardous substances are identified by Chemical Abstracts Service (CAS) registry numbers.

Hazardous substance CAS #
Formaldehyde 50-00-0
1,1°-(2,2,2-Trichloroethylidene)bis[4-chlorobenzene] (4,4’DDT) 50-29-3
Benzo[a]pyrene 50-32-8
2,4-Dinitrophenol 51-28-5
0-[4-[(Dimethylamino)sulfonyl]phenyl] 0,0-dimethyl ester phosphorothioic acid (Famphur) 52-85-7
1,2-Dihydro-3-methylbenz[jlaceanthrylene (3-Methylcholanthrene) 56-49-5
Benz[a]anthracene 56-55-3
1,2,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano-1H-indene (Chlordane) 57-74-9
1,2,3,4,5,6-Hexachloro-,(1.alpha.,2.alpha.,3.beta.,4.alpha.,5.alpha.,6.beta)-cyclohexane (Lindane)  58-89-9
4-Chloro-3-methyl-phenol (4-Chloro-m-cresol) 59-50-7
Acetamide 60-35-5
3,4,5,6,9,9-Hexachloro-1a,2,2a,3,6,6a,7,7a-octahydro-(1aR,2R,2aS,3S,6R,6aR,7S,7aS)-rel-

2,7:3,6-Dimethanonaphth[2,3-b]oxirene (Dieldrin) 60-57-1
Acetic acid 64-19-7
Acetone 67-64-1
Chloroform 67-66-3
2,2’-Methylenebis[3,4,6-trichloro]phenol (Hexachlorophene) 70-30-4
Benzene 71-43-2
1,1,1-Trichloroethane 71-55-6
3,4,5,6,9,9-Hexachloro-1a,2,2a,3,6,6a,7,7a-octahydro-(1aR,2R,2aR,3R,6S,6aS,7S,7aS)-rel-

2,7:3,6-dimethanonaphth[2,3-bJoxirene (Endrin) 72-20-8
1,1°-(2,2,2-Trichloroethylidene)bis[4-methoxy-benzene] (Methoxychlor) 72-43-5
1,1°-(2,2-Dichloroethylidene)bis[4-chlorobenzene] (4,4 DDD) 72-54-8
Bromomethane 74-83-9
Chloromethane 74-87-3
Chloroethane 75-00-3
Chloroethene (Vinyl chloride) 75-01-4
Acetonitrile 75-05-8
Acetaldehyde 75-07-0
Dichloromethane (Methylene chloride) 75-09-2
Carbon disulfide 75-15-0
Ethylene oxide 75-21-8
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #
Bromodichloromethane 75-27-4
1,1-Dichloroethane 75-34-3
1,1-Dichloroethene (Vinylidene chloride) 75-35-4
propylene oxide 75-56-9
Dichlorodifluoromethane 75-71-8
2,2-Dichloropropanoic acid 75-99-0
Pentachloroethane 76-01-7
1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-Methano-1H-indene (Heptachlor) 76-44-8
1,2,3,4,5,5-Hexachloro-1,3-cyclopentadiene (Hexachlorocyclopentadiene) T7-47-4
Tetraethyl lead 78-00-2
1,2-Dichloropropane 78-87-5
1,1,2-Trichloroethane 79-00-5
Trichloroethene 79-01-6
Acrylamide 79-06-1
Propionic acid 79-09-4
Chloroacetic acid 79-11-8
1,1,2,2-Tetrachloroethane 79-34-5
1,2-Dihydroacenaphthylene (Acenaphthene) 83-32-9
Phenanthrene 85-01-8
Fluorene 86-73-7
1,1,2,3,4,4-Hexachloro-1,3-butadiene (Hexachlorobutadiene) 87-68-3
2,4,6-Trichlorophenol 88-06-2
2-(1-Methylpropyl)-4,6-dinitrophenol (Dinoseb) 88-85-7
2-Naphthalenamine 91-59-8
Biphenyl 92-52-4
[1,1’-Biphenyl]-4-amine (4-Aminobiphenyl) 92-67-1
2-(2,4,5-Trichlorophenoxy)propionic acid (Silvex 2,4,5-TP) 93-72-1
2,4,5-Trichlorophenoxyacetic acid (2,4,5-T acid) 93-76-5
1,2-Dichlorobenzene 95-50-1
1,2,4,5-Tetrachlorobenzene 95-94-3
1,2-Dibromo-3-chloropropane 96-12-8
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #

1,2,3-Trichloropropane 96-18-4
Acetophenone 98-86-2
4-Nitrobenzenamine (p-Nitroaniline) 100-01-6
4-Nitrophenol (p-Nitrophenol) 100-02-7
Styrene 100-42-5
1-Bromo-4-phenoxybenzene (4-Bromophenyl phenyl ether) 101-55-3
2,4-Dimethylphenol 105-67-9
4-Methylphenol (p-Cresol) 106-44-5
1,4-Dichlorobenzene 106-46-7
4-Chloro-benzenamine (p-Chloroaniline) 106-47-8
1,4-Benzenediamine (para-Phenylenediamine) 106-50-3
Chloromethyloxirane (1-Chloro-2,3-epoxypropane) 106-89-8
1,2-Dibromoethane (Dibromoethane) 106-93-4
1,3-Butadiene 106-99-0
Butadiene (1,3-Butadiene) 106-99-0
Acrolein 107-02-8
3-Chloro-1-propene (Allyl chloride) 107-05-1
1,2-Dichloroethane (ethylene dichloride) 107-06-2
1,2-Ethanediamine (Ethylenediamine) 107-15-3
Ethylene glycol 107-21-1
4-Methyl-2-pentanone 108-10-1
Acetic Anhydride 108-24-7
3-Methylphenol (m-Cresol) 108-39-4
Bis(2-chloro-1-methylethyl)ether (Dichloroisopropyl ether) 108-60-1
Chlorobenzene 108-90-7
2-Methylpyridine (2-Picoline) 109-06-8
Cyclohexane 110-82-7
2,2’-Iminobisethanol (Diethanolamine) 111-42-2
Bis(2-chloroethyl) ether 111-44-4
Bis(2-chloroethoxy) methane 111-91-1
3,3’-Dimethylbenzidine (0,0’-Toidine) 119-93-7
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #
Anthracene 120-12-7
1,2-Benzenediol (Catechol) 120-80-9
1,2,4-Trichlorobenzene 120-82-1
1,4-Dioxane 123-91-1
2-Chlorobuta-1,3-diene (Chloroprene) 126-99-8
Pyrene 129-00-0
1,4-Naphthalenedione 130-15-4
Dibenzofuran 132-64-9
1-Naphthalenamine 134-32-7
1,1a,3,3a,4,5,5,5a,5b,6-Decachlorooctahydro-1,3,4-metheno-2H-cyclobuta[cd] pentalen-2-one
(Kepone) 143-50-0
Benzo[ghi]perylene 191-24-2
Benz[e]acephenanthrylene (Benzo[b]fluoranthene) 205-99-2
Benzo[k]fluoranthene 207-08-9
Acenaphthylene 208-96-8
Chrysene 218-01-9
0,0-Dimethyl o-(4-nitrophenyl) ester phosphorothioic acid (Methyl parathion) 298-00-0
0,0-Diethyl s-[(ethylthio)methyl] ester phosphorodithioic acid (Phorate) 298-02-2
0,0-Diethyl s-[2-(ethylthio)ethyl]ester phosphorodithioic acid (Disulfoton) 298-04-4
1,2,3,4,10,10-Xexachloro-1,4,4a,5,8,8a-hexahydro-
(1.alpha.,4.alpha.,4a.beta.,5.alpha.,8.alpha.,8a.beta.)-1,4:5,8-dimethanonaphthalene (Aldrin) 309-00-2
4-(Dimethylamino)-3,5-dimethyl-, methylcarbamate phenol (Mexacarbate) 315-18-4
1,2,3,4,5,6-hexachloro-, (1.alpha.,2.alpha.,3.beta.,4.alpha.,5.beta.,6.beta.)-cyclohexane (alpha-
BHC) 319-84-6
1,2,3,4,5,6-Hexachloro-, (1.alpha.,2.alpha.,3.beta.,4.alpha.,5.beta.,6.beta.)-cyclohexane (beta-
BHC) 319-85-7
1,2,3,4,5,6-Hexachlorocyclohexane (delta-BHC) 319-86-8
1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-(1R,4S,4aS,5R,8S,8aR)-rel-1,4:5,8-
dimethanonaphthalene (Isodrin) 465-73-6
1,3-Dichlorobenzene 541-73-1
Bromoethene (Vinyl bromide) 593-60-2
Pentachlorobenzene 608-93-5
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #
1,1,1,2-Tetrachloroethane 630-20-6
6,7,8,9,10,10-Hexachloro-1,5,5a,6,9,9a-hexahydro-, 3-oxide,
(3.alpha.,5a.beta.,6.alpha.,9.alpha.,9a.beta.)-6,9-methano-2,4,3-benzodioxathiepin (alpha-

Endosulfan) 959-98-8
6,7,8,9,10,10-Hexachloro-1,5,5a,6,9,9a-hexahydro-, 3,3-dioxide-6,9-methano-2,4,3-

benzodioxathiepin (Endosulfan sulfate) 1031-07-8
(2,4-Dichlorophenoxy)-2-butoxymethylethyl ester acetic acid (2,4-D Ester) 1320-18-9
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6
1,1,2,3,3,3-Hexachloro-1-propene (Hexachloropropene) 1888-71-7
(2,4-Dichlorophenoxy)-2-butoxyethyl ester acetic acid (2,4-D Ester) 1929-73-3
Carbamothioic acid, bis(1-methylethyl)-, S-(2,3-dichloro-2-propenyl) ester (Diallate) 2303-16-4
2,2a,3,3,4,7-Hexachlorodecahydro-
(1.alpha.,2.beta.,2a.beta.,4.beta.,4a.beta.,5.beta.,6a.beta.,6b.beta., 7R*)-1,2,4-
methenocyclopenta[cd]pentalene-5-carboxaldehyde (Endrin aldehyde) 7421-93-4
Nickel 7440-02-0
Antimony 7440-36-0
Arsenic 7440-38-2
Barium 7440-39-3
Beryllium (powder) 7440-41-7
Cadmium 7440-43-9
Chromium 7440-47-3
Copper 7440-50-8
Hydrochloric acid 7647-01-0
Ammonia 7664-41-7
Sulphuric acid (Sulfuric acid) 7764-93-9
Bleach, Bleaching Powder (Chlorine) 7782-50-5
Aroclor 1260 11096-82-5
Aroclor 1254 11097-69-1
Aroclor 1221 11104-28-2
Aroclor 1232 11141-16-5
Aroclor 1248 12672-29-6
Sulfur chloride (Sulfur monochloride) 12771-08-3
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #

Sodium dodecylbenzene sulfonate 25155-30-0
Chlorophenols (generic) 25167-80-0
Dinitrophenol 25550-58-7

6,7,8,9,10,10-Hexachloro-1,5,5a,6,9,9a-hexahydro-, 3-oxide,
(3.alpha.,5a.alpha.,6.beta.,9.beta.,9a.alpha.)-6,9-methano-2,4,3-benzodioxathiepin (beta-

Endosulfan) 33213-65-9
Aroclor 1242 53469-21-9
Phosphoric trichloride (Phosphrous oxycloride) 10025-87-3
Ethylbenzene 100-41-4
Styrene 100-42-5
N-Nitrosopiperidine 100-75-4
2,3,4,5,6,7,7-Heptachloro-1a,1b,5,5a,6,6a-hexahydro-,(1aR,1bS,2R,5S,5aR,6S,6aR)-rel-2,5-
Methano-2H-indeno[1,2-bJoxirene (Heptachlor epoxide) 1024-57-3
Ethylene bromide (Ethylene dibromide) 106-93-4
2-Propen-1-ol 107-18-6
Chloromethyl methyl ether 107-30-2
Toluene 108-88-3
Phenol 108-95-2
N-Hexane (Hexane) 110-54-3
2-Ethoxyethanol (Ethylene glycol monoethyl ether) 110-80-5
Pyridine 110-86-1
Triethylene glycol 112-27-6
Di-n-octyl phthalate 117-84-0
Hexachlorobenzene 118-74-1
Isosafrole 120-58-1
2,4-Dinitrotoluene 121-14-2
N-Phenylbenzenamine (Diphenylamine) 122-39-4
Hydroquinone 123-31-9
Dibromochloromethane (Chlorodibromomethane) 124-48-1
Methacrylonitrile 126-98-7
Tetrachloroethene 127-18-4
Dimethyl phthalate 131-11-3
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #
Vanadium oxide 1314-62-1
m and p-Xylene (Xylene) 1330-20-7
Radium-226 (Thorium X) 13982-63-3
Ethyl acrylate 140-88-5
Radium-228 15262-20-1
Indeno[1,2,3-cd]pyrene 193-39-5
Fluoranthene 206-44-0
Hexachlorocyclohexane (generic) 27154-44-5
0,0-Diethyl 0-(3,5,6-trichloro-2-pyridinyl) ester phosphorothioic acid (Chlorpyrifos) 2921-88-2
0,0-Diethyl o-pyrazinyl ester phosphorothioic acid 297-97-2
Tetraethyl dithiopyrophosphate (Tetraethyldithiopyrophosphate) 3689-24-5
Ethyl 2,2-bis(4-chlorophenyl)-2-hydroxy-acetate (Chlorobenzilate) 510-15-6
2-Methyl-4,6-dinitrophenol (4,6-Dinitro-o-cresol, and salts) 534-52-1
Dibenz[a,h]anthracene 53-70-3
N-9H-Fluoren-2-yl-acetamide (2-Acetylaminofluorene) 53-96-3
N-Ethyl-N-nitrosoethanamine (N-Nitrosodiethylamine) 55-18-5
Tetrachloromethane (Carbon tetrachloride) 56-23-5
0,0-Diethyl o-(4-nitrophenyl) ester phosphorothioic acid (Parathion) 56-38-2
Cyanide 57-12-5
7,12-Dimethylbenz[a]anthracene 57-97-6
2,3,4,6-Tetrachlorophenol 58-90-2
N-Nitrosomorpholine 59-89-2
N,N-Dimethyl-4-(phenylazo)- benzenamine (p-Dimethylaminoazobenzene) 60-11-7
0,0-Dimethyl S-[2-(methylamino)-2-oxoethyl] ester phosphorodithioic acid 60-51-5
2,6-Dinitrotoluene 606-20-2
N-Nitroso-N-propyl-1-propanamine (Di-n-propylnitrosamine) 621-64-7
N-(4-ethoxyphenyl)ethanamide (Phenacetin) 62-44-2
Ethyl methanesulfonate 62-50-0
N-Methyl-N-nitrosomethanamine (N-Nitrosodimethylamine) 62-75-9
Benzoic acid 65-85-0
Methanol 67-56-1
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #
Hexachloroethane 67-72-1
N,N-Dimethylformamide (Dimethylformamide) 68-12-2
4-Chlorophenyl phenyl ether 7005-72-3
N-butyl alcohol 71-36-3
1,1’-(Dichloroethenylidene)bis[4-chlorobenzene] (4,4’-DDE) 72-55-9
Lead 7439-92-1
Mercury 7439-97-6
Silver 7440-22-4
Sodium 7440-23-5
Thallium 7440-28-0
Zinc 7440-66-6
Methyl bromide 74-83-9
lodomethane 74-88-4
Dibromomethane 74-95-3
Ethylene oxide 75-21-8
Tribromomethane (Bromoform) 75-25-2
Carbonic dichloride 75-44-5
Propylene oxide 75-56-9
Nitric acid 7697-37-2
Selenium 7782-49-2
Isophorone 78-59-1
Isobutyl alcohol 78-83-1
2,3-Dichloropropene 78-88-6
Methyl ethyl ketone 78-93-3
2-Propenoic acid 79-10-7
Toxaphene 8001-35-2
1,3-dichloropropene 542-75-6
Methyl methacrylate 80-62-6
Pentachloronitrobenzene 82-68-8
Diethyl phthalate 84-66-2
Di-n-butyl phthalate 84-74-2
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Attachment C (April 2008)

Table C.1. Hazardous substances associated with past and present Dow Plant
processes (cont.)

Hazardous substance CAS #

Butyl benzyl phthalate 85-68-7
N-Nitroso-N-phenybenzenamine (N-Nitrosodiphenylamine) 86-30-6
2,6-Dichlorophenol 87-65-0
Pentachlorophenol 87-86-5
2-Nitrophenol 88-75-5
Naphthalene 91-20-3
2-Chloronaphthalene 91-58-7
Diethylaniline (N,N-Diethylaniline) 91-66-7
N,N-Dimethyl-N’-2-pyridinyl-N’-(2-ethienylmethyl)-1,2-ethanediamine (Methapyrilene) 91-80-5
3,3’-Dichlorobenzidine 91-94-1
N-Butyl-N-nitroso-1-butanamine (N-Nitrosodi-n-butylamine) 924-16-3
N-Nitrosopyrrolidine 930-55-2
Safrole 94-59-7
2-(2,4-Dichlorophenoxy) acetic acid (2,4-D Acid) 94-75-7
2-Methylphenol (o-Cresol) 95-48-7
2-Methylbenzenamine (o-Toluidine) 95-53-4
2-Chlorophenol 95-57-8
2,4,5-Trichlorophenol 95-95-4
Ethyl methacrylate 97-63-2
Isopropylbenzene (Cumene) 98-82-8
Nitrobenzene 98-95-3
Sym-trinitrobenzene (1,3,5-Trinitrobenzene) 99-35-4
2-Methyl-5-nitroaniline (5-Nitro-o-toluidine) 99-55-8
m-Dinitrobenzene 99-65-0
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Attachment D (April 2008)

Table D.1. Summary table of fish consumption advisories (Michigan, 1977-1983)

Fish species Length | 1977 | 1978 | 1979 | 1980 | 1981 | 1082 | 1983
Tittabawassee River
Al fish Unspecified | | | | | ] | ] 1,20 [PBB,TCOD [1,20] @ [1,20] @
Saginaw River
Al fish Unspecified | | | |  |1,2®| PBB,TCDD [1,2®| PBB,TCDD |1,2® |PBE,TCDD 1,20 @ |1,20] @
Saginaw Bay?
Carp >17"  |2,3|PCB 23] PCB
Unspecified 2,3 PCB 2,3 PCB 2,3 PCB 2,3 || 2,3 (@
Catfish >17" |2,3| PCB|2,3| PCB
Unspecified 2,3 PCB 2,3 PCB 2,3 PCB 2,3 ol 2,3 |@
Salmon Unspecified | 2,3 | PCB |2,3| PCB | 2,3 PCB 2,3 PCB 2,3 PCB 23 | 23 |
Trout Unspecified 23 |1 g 2,3 (g
Muskellunge Unspecified 23 |0 2,3 (@
Pine River
Downstream from St. Louis
Al fish Unspecified | | | | [1,20] 1,28 1,20 120 2]120 2
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Attachment D (April 2008)

Table D.1. Summary table of fish consumption advisories (Michigan, 1977-1983) (cont.)

a. Some of the advisories below were issued specifically for Saginaw Bay. Other advisories were issued for Lake Huron, in whole or in part, which includes
Saginaw Bay. See Table D.5 for more information.

Advisory codes:

1 = No consumption for general population.

2 = No consumption for subpopulations (subpopulation = those at higher risk, e.g., pregnant or nursing women, women who plan on having kids, and small
children).

3 = Restricted consumption for general population, no more than 1 meal/week.

4 = Restricted consumption for general population, no more than 1 meal/month.

5 = Restricted consumption for general population, no amount specified.

6 = Restricted consumption for subpopulations, no more than 1 meal/week.

7 = Restricted consumption for subpopulations, no more than 1 meal/month.

8 = Restricted consumption for subpopulations, no more than 6 meals/year.

9 = Restricted consumption for subpopulations, no amount specified.

Symbol key:

@ For this species, location, and year, an advisory was issued naming a list of pollutants that may have caused the advisory: mercury, PCB, PBB, DDT, dieldrin,
chlordane, toxaphene, and dioxin.

® Advisory was issued for all populations, which includes general and subpopulations.

@ For this species, location, and year, an advisory was issued; however, the advisory did not identify a pollutant.
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Attachment D (April 2008)

Table D.2. Summary table of fish consumption advisories (Michigan, 1984-1990)

Fish species Length | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990
Tittabawassee River
Carp Unspecified 1,29 @ |1,2®0| ® [1,2® O |1,2®| PCB, [1,2®  PCB,
dioxin dioxin
Catfish Unspecified 1,2® ® 1,2® @ 1,2® %) 1,2® | PCB, |1,2® | PCB,
dioxin dioxin
All other fish Unspecified 7,5 | PCB, | 7,5 | PCB,
dioxin dioxin
All fish Unspecified| 1,2 ® @ 1,2® @
Saginaw River
Carp Unspecified 2,3 ® (L,2®0 ©® |1L,2® O |l1,2®| PCB, |1,2® | PCB,
dioxin dioxin
Catfish Unspecified 1,2® &) 1,2® %) 1,2® | PCB, |1,2® | PCB,
dioxin dioxin
All other fish Unspecified 7,5 | PCB, | 7,5 | PCB,
dioxin dioxin
All fish Unspecified | 1,2 ® &) 1,2® @
Saginaw Bay?®
Carp Unspecified| 2,3 &) 2,3 &) 2,3 @ 1,2® @ 1,2® %) 1,2® | PCB |1,2® | PCB
Catfish Unspecified| 2,3 ® 2,3 ® 2,3 ® 1,2® @ 1,2® %)} 1,2® | PCB |1,2® | PCB
Salmon Unspecified| 2,3 @ 2,3 @ 2,3 &)
Trout Unspecified| 2,3 &) 2,3 @ 2,3 &)
Muskellunge Unspecified| 2,3 @ 2,3 @ 2,3 @
Brown trout Unspecified 2,3 @ 2,3 %) 2,3 PCB 2,3 PCB
Lake trout Unspecified 2,3 @ 2,3 @ 2,3 @ 2,3 %) 2,3 PCB 2,3 PCB
Rainbow trout Unspecified 2,3 &) 2,3 %) 2,3 PCB | 2,3 PCB
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Attachment D (April 2008)

Table D.2. Summary table of fish consumption advisories (Michigan, 1984-1990) (cont.)

Fish species Length | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990
Pine River
Downstream from St. Louis, Gratiot and Midland counties
Al fish Unspecified | | | | | | [120] @ [120] @ [120] |12
Downstream from St. Louis
Al fish Unspecified | | 120 @ [120] @ | | | | | | | |
St. Louis
All fish Unspecified[ 1,20 [ @ | | | | | | | | | | | |

a. Some of the advisories below were issued specifically for Saginaw Bay. Other advisories were issued for Lake Huron, in whole or in part, which includes
Saginaw Bay. See Table D.5 for more information.

Advisory codes:

1 = No consumption for general population.

2 = No consumption for subpopulations (subpopulation = those at higher risk, e.g., pregnant or nursing women, women who plan on having kids, and small
children).

3 = Restricted consumption for general population, no more than 1 meal/week.

4 = Restricted consumption for general population, no more than 1 meal/month.

5 = Restricted consumption for general population, no amount specified.

6 = Restricted consumption for subpopulations, no more than 1 meal/week.

7 = Restricted consumption for subpopulations, no more than 1 meal/month.

8 = Restricted consumption for subpopulations, no more than 6 meals/year.

9 = Restricted consumption for subpopulations, no amount specified.

Symbol key:

@ For this species, location, and year, an advisory was issued naming a list of pollutants that may have caused the advisory: mercury, PCB, PBB, DDT, dieldrin,
chlordane, toxaphene, and dioxin.

® Advisory was issued for all populations, which includes general and subpopulations.

@ For this species, location, and year, an advisory was issued; however, the advisory did not identify a pollutant.
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Attachment D (April 2008)

Table D.3. Summary table of fish consumption advisories (Michigan, 1991-1997)

Fish species Length | 1991 | 1992 | 1993 | 1994 | 1995 1996 | 1997
Tittabawassee River
White bass 6-14” 3 PCB
6-22" 2 PCB
14-22” 1 PCB
Carp >6” 1,2| PCB,
dioxin
Unspecified| 1,2 ® |PCB,[1,2®| PCB, | 1,2® | PCB, [1,2®| PCB, |1,2®| PCB, |1,2®| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin
Catfish > 6" 1,2 PCB,
dioxin
Unspecified| 1,2® |PCB,|1,2®| PCB, | 1,2® | PCB, |1,2®| PCB, |[1,2®| PCB,
dioxin dioxin dioxin dioxin dioxin
Channel catfish Unspecified 1,2® PCB,
dioxin
All other fish  Unspecified| 7,5 |PCB,| 7,5 | PCB, 7,5 PCB, | 7,5 PCB, 7,5 PCB, 7,5 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin
Saginaw River
White bass 6-22” 2,3 PCB
Carp >6” 1,2| PCB,
dioxin
Unspecified| 1,2 ® |PCB,|1,2®| PCB, [1,2® PCB, 1,2® PCB, 1,2®| PCB, 1,2® PCB,
dioxin dioxin dioxin dioxin dioxin dioxin
Catfish > 67 1,2| PCB,
dioxin
Unspecified| 1,2® |PCB,|1,2®| PCB, |1,2®| PCB,
dioxin dioxin dioxin
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Attachment D (April 2008)

Table D.3. Summary table of fish consumption advisories (Michigan, 1991-1997) (cont.)

Fish species Length 1991 1992 1993 1994 1995 1996 1997
Channel catfish Unspecified 1,2®| PCB, |1,2®| PCB, |1,2®| PCB,
dioxin dioxin dioxin
All other fish  Unspecified| 7,5 |PCB,| 7,5 | PCB, | 7,5 PCB, 7,5 PCB, 7,5 PCB, 7,5 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin
Saginaw Bay?
Carp > 6" 1,2| PCB
Unspecified| 1,2® | PCB |1,2®| PCB [1,2® PCB 1,2® PCB, 1,2® PCB 1,2® PCB
dioxin
Catfish >6” 1,2 PCB
Unspecified| 1,2® | PCB [1,2®| PCB |1,2®| PCB
Channel catfish Unspecified 1,2®| PCB, |1,2®| PCB |1,2®| PCB
dioxin
White bass 6-22” 2,3 PCB
Unspecified 2,3 PCB 2,3 PCB
Brown trout >18” 2,3 PCB
>21” 2,3 PCB 2,3 PCB
Unspecified| 2,3 |PCB| 2,3 | PCB | 2,3 PCB 2,3 PCB
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Attachment D (April 2008)

Table D.3. Summary table of fish consumption advisories (Michigan, 1991-1997) (cont.)

Fish species Length 1991 1992 1993 1994 1995 1996 1997
Lake trout > 10" 2 PCB,
chlordane,
dioxin
10-22” 3 PCB,
chlordane,
dioxin
<22 2,3 PCB,
chlordane,
dioxin
> 22" 1, 2 ®|Chlordane,| 1 PCB,
dioxin chlordane,
dioxin
< 26” 2,3 PCB, 2,3 PCB,
dioxin dioxin
> 26” 1,2® PCB, 1,2® PCB,
chlordane, chlordane,
dioxin dioxin
Unspecified| 2,3 |PCB| 2,3 | PCB | 2,3 PCB,
chlordane
Rainbow trout Unspecified| 2,3 |PCB| 2,3 | PCB | 2,3 PCB 2,3 PCB
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Attachment D (April 2008)

Table D.3. Summary table of fish consumption advisories (Michigan, 1991-1997) (cont.)

Fish species Length | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Pine River
St. Louis Impoundment and downstream
Al fish e | [ [ [ [ [ [ [, 2/°E5, DDT
Downstream from St. Louis, Gratiot and Midland counties
All fish Unspecified| 1,2 ® | PBB [1,2 ®] |1, 2®[PBB, DDT][1, 2 ®|PBB, DDT[1, 2 ®|PBB, DDT[1, 2 ®|PBB, DDT| |

a. Some of the advisories below were issued specifically for Saginaw Bay. Other advisories were issued for Lake Huron, in whole or in part, which includes
Saginaw Bay. See Table D.5 for more information.

Advisory codes:

1 = No consumption for general population.

2 = No consumption for subpopulations (subpopulation = those at higher risk, e.g., pregnant or nursing women, women who plan on having kids, and small
children).

3 = Restricted consumption for general population, no more than 1 meal/week.

4 = Restricted consumption for general population, no more than 1 meal/month.

5 = Restricted consumption for general population, no amount specified.

6 = Restricted consumption for subpopulations, no more than 1 meal/week.

7 = Restricted consumption for subpopulations, no more than 1 meal/month.

8 = Restricted consumption for subpopulations, no more than 6 meals/year.

9 = Restricted consumption for subpopulations, no amount specified.

Symbol key:

@ For this species, location, and year, an advisory was issued naming a list of pollutants that may have caused the advisory: mercury, PCB, PBB, DDT,
dieldrin, chlordane, toxaphene, and dioxin.

® Advisory was issued for all populations, which includes general and subpopulations.

@ For this species, location, and year, an advisory was issued; however, the advisory did not identify a pollutant.
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Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007)

Fish species Lengtn | 1998 | 1999 | 2000 | 2000 | 2002 2003 | 2004-2006 | 2007
Tittabawassee River
White bass 6-10” 7 PCB
614" | 3| PCB
6-22" 1,2| PCB, [1,2| PCB, |1,2| PCB, |1,2| PCB, |[1,2| PCB, [1,2] PCB, [1,2 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin

10-14” 8 PCB
14-22” |1,2) PCB

Carp >6” 1,2 PCB, |1,2| PCB, |1,2/ PCB, |1,2| PCB, [1,2 PCB, |1,2| PCB, (1,2 PCB, |1,2| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin dioxin
Catfish >6” 1,2 PCB, |1,2| PCB, |1,2/ PCB, |1,2| PCB, [1,2 PCB, |1,2| PCB, [1,2| PCB, |1,2| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin dioxin

White sucker > 6" 7 PCB 7 PCB 7 PCB
Walleye 6-22” 7 PCB

> 14” 7 PCB 7 PCB 7 PCB
> 22" 3,8/ PCB
Smallmouth 14-30” 2,3 PCB, (2,3 PCB, 2,3 PCB, (2,3 PCB, |2,3 PCB,
bass dioxin dioxin dioxin dioxin dioxin
All other fish >6” 3,7 PCB, (3,7 PCB, 3,7 PCB, (3,7 PCB, |3,7 PCB,
dioxin dioxin dioxin dioxin dioxin

Unspecified |7,5| PCB, 7,5 PCB, |[7,5 PCB,

dioxin dioxin dioxin
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Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007) (cont.)

Fish species Lengtn | 1998 | 1999 | 2000 | 2000 | 2002 | 2003 | 20042006 | 2007
Saginaw River
White bass 6-22” 3,8/ PCB 3,8 PCB (3,8 PCB (3,8 PCB 3,8 PCB (3,8 PCB 3,8 PCB (3,8 PCB
Carp >6” 1,2 PCB, |1,2| PCB, |1,2/ PCB, |1,2| PCB, [1,2 PCB, |1,2| PCB, |1,2| PCB, |1,2| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin dioxin
Catfish >6” 1,2 PCB, |1,2| PCB, |1,2/ PCB, |1,2| PCB, [1,2 PCB, |1,2| PCB, [1,2| PCB, |1,2| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin dioxin
All other fish >6” 3,7 PCB, (3,7 PCB, 3,7 PCB, (3,7 PCB, |3,7 PCB,
dioxin dioxin dioxin dioxin dioxin
Unspecified |7,5| PCB, 7,5/ PCB, |[7,5/ PCB,
dioxin dioxin dioxin
Saginaw Bay
Carp >6” 1,2/ PCB |1,2| PCB, |1,2/ PCB, |1,2| PCB, [1,2 PCB, |1,2| PCB, |[1,2| PCB, |1,2| PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
Catfish >6” 1,21 PCB |1,2| PCB
6-14” 7 PCB
14-22” 8 PCB
18-22” 3 PCB
>22” 1,2| PCB
Channel >12” 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 PCB,
catfish dioxin dioxin dioxin dioxin dioxin
12-18” 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB,
dioxin dioxin dioxin dioxin dioxin
>18” 1 PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB,
dioxin dioxin dioxin dioxin dioxin
Page D-10

SC11317



Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007) (cont.)

Fish species Length 1998 1999 2000 2001 2002 2003 2004-2006 2007
White bass 6-22” 3,8/ PCB 3,8 PCB (3,8 PCB (3,8 PCB 3,8 PCB (3,8 PCB 3,8 PCB (3,8 PCB
6-12” 7 | PCB,
dioxin
12-22” 2,3| PCB,
dioxin
White perch 6-14” 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
Yellow perch 6-22" 6 PCB 6 PCB 6 PCB

6-18” 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB
Northern pike 22-26" 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB
> 26" 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB

White sucker 6-14” 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB

> 14” 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
Suckers 6-14” 6 PCB
> 14" 7 PCB
Brown trout 10-18” 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
>18”" [2,3] PCB |2,3] PCB |[2,3] PCB |[2,3] PCB |[2,3] PCB |2,3] PCB |2,3] PCB 2,3 PCB
Lake trout > 10" 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 | PCB,
chlordane, chlordane, chlordane, chlordane, chlordane, chlordane, chlordane, dioxin

dioxin dioxin dioxin dioxin dioxin dioxin dioxin

10-22” 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB,

chlordane, chlordane, chlordane, chlordane, chlordane, chlordane, chlordane,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
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Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007) (cont.)

Fish species Length 1998 1999 2000 2001 2002 2003 2004-2006 2007
Lake trout 10-26” 3 PCB,
(cont.) dioxin

> 22” 1 PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB,
chlordane, chlordane, chlordane, chlordane, chlordane, chlordane, chlordane,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
> 26” 1 PCB,
dioxin
Rainbow trout >10” 7 PCB 7 PCB 7 PCB 7 PCB, 7 PCB, 7 PCB, 7 PCB 7 PCB
dioxin dioxin dioxin
Walleye 14-18” 6 PCB 6 PCB 6 PCB 6 PCB, 6 PCB, 6 PCB, 6 PCB, 6 PCB,
mercury mercury mercury mercury mercury
>18” 7 PCB 7 PCB 7 PCB, 7 PCB, 7 PCB, 7 PCB, 7 PCB,
mercury mercury mercury mercury mercury
18-22” 7 PCB
> 227 1,2| PCB 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB,
mercury mercury mercury mercury mercury
Whitefish 6-18” 6 PCB, 6 PCB, 6 PCB, 6 PCB, 6 PCB, 6 PCB, 6 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
>18” 2 PCB, 2 PCB, 2 PCB, 2 PCB, 2 PCB,
dioxin dioxin dioxin dioxin dioxin
18-22” 7 PCB, 7 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB, 3 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
> 22" 1,2| PCB, |1,2| PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB, 1 PCB,
dioxin dioxin dioxin dioxin dioxin dioxin dioxin
Lake whitefish 6-22” 6 PCB
> 22” 7 PCB
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Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007) (cont.)

Fish species Length 1998 1999 2000 2001 2002 2003 2004-2006 2007
Chinook 10-30” 7 PCB
salmon > 10" 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
> 30” 8 PCB
Coho salmon > 10" 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
Burbot >6” 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB
Pine River
Alma Impoundment
Carp 6-26” 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB 6 PCB
> 26” 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB 7 PCB
Largemouth 14-30” |3, 7| Mercury
bass
Downstream of Alma dam
All fish > 6” 1,2/ PBB, 1,2 PBB, |1,2| PBB, |1,2| PBB, |1,2| PBB,
DDT DDT DDT DDT DDT
St. Louis Impoundment and downstream
All fish >6” 1,2| PBB, 1,2 PBB, |1,2| PBB,
DDT DDT DDT
Sanford Lake
Channel 12-26” 6 | Mercury, | 6 | Mercury, | 6 | Mercury, | 6 | Mercury, | 6 | Mercury,
catfish PCB PCB PCB PCB PCB
> 26” 3, 7| Mercury, |3, 7| Mercury, |3, 7| Mercury, |3, 7| Mercury, |3, 7| Mercury,
PCB PCB PCB PCB PCB
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Attachment D (April 2008)

Table D.4. Summary table of fish consumption advisories (Michigan, 1998-2007) (cont.)

a. Some of the advisories below were issued specifically for Saginaw Bay. Other advisories were issued for Lake Huron, in whole or in part, which includes
Saginaw Bay. See Table D.5 for more information.

Advisory codes:

1 = No consumption for general population.

2 = No consumption for subpopulations (subpopulation = those at higher risk, e.g., pregnant or nursing women, women who plan on having kids, and small
children).

3 = Restricted consumption for general population, no more than 1 meal/week.

4 = Restricted consumption for general population, no more than 1 meal/month.

5 = Restricted consumption for general population, no amount specified.

6 = Restricted consumption for subpopulations, no more than 1 meal/week.

7 = Restricted consumption for subpopulations, no more than 1 meal/month.

8 = Restricted consumption for subpopulations, no more than 6 meals/year.

9 = Restricted consumption for subpopulations, no amount specified.

Symbol key:

@ For this species, location, and year, an advisory was issued naming a list of pollutants that may have caused the advisory: mercury, PCB, PBB, DDT,
dieldrin, chlordane, toxaphene, and dioxin.

® Advisory was issued for all populations, which includes general and subpopulations.

@ For this species, location, and year, an advisory was issued; however, the advisory did not identify a pollutant.
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Attachment D (April 2008)

Table D.5. Saginaw Bay fish advisory information, including which species were listed for the bay specifically, and which
were listed for broader areas of Lake Huron

Saginaw Bay geography notes

1977-1981 1982-1983 1984 1985-1986
Lake Huron Lake Huron Lake Huron
Lake Saginaw (southern half Saginaw (southern half  Saginaw | (southern half Lake Huron, Saginaw
Huron Bay of lake only)? Bay of lake only)? Bay of lake only)*  all areas® Bay®
Salmon Carp, catfish Salmon, trout, Carp, catfish  |Salmon, trout, Carp, catfish [Muskellunge  Salmon, trout, Carp, catfish,
muskellunge muskellunge lake trout salmon, trout
1987 1988 1989-1993 1994
Lake Huron,
Lake Saginaw Lake Saginaw Lake Saginaw Lake south of Saginaw
Huron® Bay? Huron® Bay Huron® Bay Huron®  Tawas Point® Bay
Brown trout, Brown trout, lake  |Brown trout, Brown trout, Brown trout, Brown trout, |Brown Lake trout Brown trout,
lake trout, trout, rainbow trout, (lake trout, lake trout, rainbow trout, rainbow trout, |trout, rainbow trout,
rainbow trout carp and catfish rainbow trout rainbow trout, lake trout carp, catfish  |rainbow lake trout, carp,
carp, catfish trout channel catfish
1995 1996 1997 1998
Lake Huron
Lake south of Saginaw Lake Lake Saginaw Lake Saginaw
Huron® Tawas Point®  Bay Huron® Saginaw Bay” Huron® Bay® Huron® Bay®
Brown  Lake trout White Brown White bass, carp,  |Brown trout, White bass, |Brown trout, lake trout, White bass, white
trout bass, carp, |trout, lake  channel catfish lake trout carp, catfish  [rainbow trout, lake perch, yellow perch,
channel |trout whitefish, chinook northern pike, walleye,
catfish salmon, coho salmon,  white sucker, carp,
burbot catfish
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Attachment D (April 2008)

Table D.5. Saginaw Bay fish advisory information, including which species were listed for the bay specifically, and which
were listed for broader areas of Lake Huron (cont.)
Saginaw Bay geography notes

1999-2000 2001-2006 2007
Lake Huron® Saginaw Bay* " Lake Huron® Saginaw Bay* " Lake Huron® Saginaw Bay* "
Brown trout, lake trout, White bass, white perch, [Brown trout, lake trout, White bass, white Brown trout, lake trout, |White bass, white perch,
rainbow trout, whitefish, yellow perch, northern |rainbow trout, whitefish, perch, yellow perch, |rainbow trout, whitefish, |yellow perch, northern
chinook salmon, coho  pike, walleye, white chinook salmon, coho  northern pike, walleye, [chinook salmon, coho  [pike, walleye, suckers,
salmon, burbot sucker, carp, catfish salmon, burbot white sucker, carp, salmon, burbot carp, channel catfish
channel catfish

a. The advisories also apply to tributaries into which certain species (salmon, trout) may migrate.
b. These advisories were issued with a note specifically informing readers to also follow Lake Huron advisories.

Table D.6. Summary of wild game consumption advisory

Animal/animal part Type of advisory General advice

Deer liver No consumption

Deer muscle meat ~ Women of childbearing age and children under the age of 15 Trimming any visible fat will lower the level of
should eat only one meal of deer muscle meat per week dioxins in the cooked meat

Turkey No consumption At a minimum, remove skin, liver, and gizzard

Squirrel Women of childbearing age and children under the age of 15

should eat only one meal of squirrel meat per week
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Attachment D (April 2008)

Table D.7. Summary of the 2003 soil movement advisory for private, public, and commercial projects related to the
Tittabawassee River furan and dioxin floodplain soil and sediment contamination, as it pertains to human health exposure

risk and personal precautions to take

Actions Types of activities

Increases to human health exposure risk
(workers and residential)

Personal precautions to take

Minor Flower gardening, crop gardening,
household soil tree planting, lawn work, post hole

movement digging, mowing, electrical and
plumbing conduit trenching, etc.

Yes (residential only). Soil dermal contact,
soil inhalation, soil ingestion.

Minimize soil exposure. Avoid allowing
children to play in soils. Wash hands and any
other exposed body surfaces after any soil
contact. Do not eat unwashed foods from your
garden. Do not engage in other activities that
may introduce soil into the mouth. Keep soil
moist to control dust. Remove footwear before
entering the house. Store all used gardening
clothing outdoors.

Major Construction of ponds or berms,
household soil  construction of footings for homes
movement or outbuildings, installation of
activities septic tanks or tile fields.

Yes (residential only). Dermal contact, inhalation,
and ingestion of soil during construction/soil
movement activities.

Avoid contact with soil during construction
activity, insist that piles of disturbed/excavated
soil be fully covered with plastic sheeting until
they are properly disposed of, insist that only
clean fill from outside of the floodplain area be
used to bring any areas back up to grade.
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Attachment D (April 2008)

Table D.7. Summary of the 2003 soil movement advisory for private, public, and commercial projects related to the
Tittabawassee River furan and dioxin floodplain soil and sediment contamination, as it pertains to human health exposure
risk and personal precautions to take (cont.)

Increases to human health exposure risk

Actions Types of activities (workers and residential) Personal precautions to take
Commercial Sand mining, road Yes. Worker safety issues related to dermal Provide appropriate safety equipment and
soil movement construction/repair, bridge contact, soil inhalation, and soil ingestion during clothing to workers that are in contact with
activities construction/repair, sewer/water construction and soil movement activities. disturbed soil areas as guided and prescribed
line construction/repair, utility Yes. Residential exposures related to dermal by the Michigan Occupational Safety and
(electric, hard line phone) contact, soil inhalation, and soil ingestion due to  Health Act. Depending on the activity, safety
construction/repair, and fugitive dust created during construction and soil €quipment could include dust masks or other
underground storage tank movement activities. appropriate inhalation protection devices,
repair/removal. gloves and/or appropriate clothing to avoid

dermal contact. Analytical testing may be
needed to evaluate the soils at depth. Proper
soil erosion techniques must be implemented
including covering of disturbed soil piles with
plastic sheeting until they are properly
disposed. Wash vehicles before transport and
cover soils in the truck to prevent blowing.
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Attachment D (April 2008)

Table D.7. Summary of the 2003 soil movement advisory for private, public, and commercial projects related to the
Tittabawassee River furan and dioxin floodplain soil and sediment contamination, as it pertains to human health exposure

risk and personal precautions to take (cont.)

Increases to human health exposure risk

Actions Types of activities (workers and residential) Personal precautions to take
Sediment Boat launch maintenance, marina  Yes. Worker safety issues related to dermal Provide appropriate safety equipment and
dredging maintenance, bridge construction  contact, soil inhalation, and soil ingestion during clothing to workers in contact with disturbed
activities and repair. Installation or removal  dredging, sediment handling, and sediment soil or sediment areas as guided and prescribed

of pilings.

movement activities.

Yes. Residential exposures related to dermal
contact, soil inhalation, and soil ingestion due to

fugitive dust created during construction and soil

movement activities.

by the Michigan Occupational Safety and
Health Act. Depending on the activity and the
dredge equipment used, this safety equipment
could include masks or other appropriate
inhalation protection devices, gloves, and/or
other appropriate clothing to avoid dermal
contact. Proper soil erosion techniques must be
implemented including the covering of
disturbed soil piles with plastic sheeting until
they are properly disposed.

Commercial or  Commercial or large scale farming,

large scale
farming

soil drainage and tile system
construction activities.

Yes. Worker safety issues related to dermal
contact, soil inhalation, and soil ingestion during
routine plowing, planting, and harvesting
activities.

Yes. Residential exposures related to dermal
contact, soil inhalation, and soil ingestion due to

fugitive dust created during the plowing, planting,

and harvesting process as well as from
windblown erosion.

Refer to the MDA “Food, Farming, and
Gardening Guidelines for Minimizing Dioxin
Exposure,” on the MDEQ web site. The MDA
recommends utilization of minimum tillage
and dust reduction practices in any production
cycle, and following the personal risk
reduction strategies recommended for
gardening. Anyone raising livestock should
contact MDA.
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Attachment D (April 2008)

Table D.8. Summary of the 2003 soil movement advisory for private, public, and commercial projects related to the
Tittabawassee River furan and dioxin floodplain soil and sediment contamination, as it pertains permits and potential

environmental liability

Actions Permits required Potential environmental liability Actions to avoid potential liability

Minor Generally no. Part 115 (Waste Management), Part 31 Minimize or eliminate soil displacement and

household soil (Water Resources), Part 201 movement activities on property located within the

movement (Environmental Remediation) of the floodplain. Dispose of any removed soil at the

NREPA, as amended. licensed landfill serving your area and only use clean

fill or topsoil to regrade area. Do not move soil from
low lying, more potentially contaminated areas to
higher, potentially uncontaminated or less
contaminated areas. Immediately put in place
measures sufficient to prevent soil erosion from wind
and rain.

Major Yes. Part 31 (Water Resources) of  Part 115 (Waste Management), Part 31 Minimize or eliminate soil displacement and

household soil  the NREPA for all major household (Water Resources), Part 201 movement activities on property located within the

movement soil movement activities occurring  (Environmental Remediation) of the floodplain. Avoid placement of outbuildings, or the

activities within the floodplain/flood way. NREPA. Note: A contractor hired by the  expansion of the home, to areas within the floodplain.

Part 91 (Soil and Erosion Control)
of the NREPA.

home owner, or the owner of a disposal
location, could also

acquire liability for mishandling
contaminated soil.

Dispose of any removed soil at the licensed landfill
serving your area and only use clean fill or topsoil to
regrade area. Do not move soil from low lying, more
potentially contaminated areas to higher, potentially
uncontaminated or less contaminated areas.
Immediately put in place measures to prevent soil
erosion from wind and rain.
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Attachment D (April 2008)

Table D.8. Summary of the 2003 soil movement advisory for private, public, and commercial projects related to the
Tittabawassee River furan and dioxin floodplain soil and sediment contamination, as it pertains permits and potential
environmental liability (cont.)

Actions Permits required Potential environmental liability Actions to avoid potential liability
Commercial Yes, Part 31 (Water Resources), Part 115 (Waste Management), Part 31 Dispose of all disturbed floodplain soil or river
soil movement Part 31 (Stormwater), Part 301 (Water Resources), Part 301 (Inland Lakes sediment at a licensed landfill, or in accordance with
activities (Inland Lakes & Streams), Part 91 & Streams), Part 201 (Environmental permit conditions. In situ testing of soil can be
(Soil Erosion & Control), Part 41 ~ Remediation) of the NREPA. considered in lieu of disposal. Do not move soil from
(Sewer and Wastewater Systems), low lying, more contaminated areas to higher
Part 399 (Water Mains) of the elevation, potentially uncontaminated or less
NREPA, depending on the activity. contaminated areas. Do not move soil from the

floodplain for use as fill at properties located outside
of the floodplain. Immediately put in place soil
erosion control measures to prevent soil movement
from wind and rain.

Sediment Yes. Part 31 (Water Resources), Part 115 (Waste Management), Part 31 Dispose of all disturbed floodplain soil or river

dredging Part 301 (Inland Lakes & Stream), (Water Resources), Part 301 (Inland Lakes sediment at a licensed landfill, upland disposal area, or

activities Part 91 (Local Agency) of the & Streams), Part 201 (Environmental in accordance with permit conditions. Do not use
NREPA, depending on the activity. Remediation) of the NREPA. floodplain soil or sediment as fill at properties located

outside of the floodplain. Immediately conduct
measures sufficient to prevent soil erosion from wind

and rain.
Commercial or No. Anyone raising livestock for Part 201 (Environmental Remediation) of Follow MDA guidance on the utilization of minimum
large scale commercial or personal use should the NREPA. tillage and dust reduction in any production cycle.
farming contact MDA.
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Attachment E (April 2008)

Table E.1. Tittabawassee River

Citations
Pre-1980 1980-1989 1990-1999 2000-present
Soil quality Dow Chemical, 1984 ATS, 2007
Clark, 1985 MDEQ, 2003b, 2003c
U.S. EPA, 1985h, 1988c SETAC, 2006
Sediment quality Sylvester, 1974 Amendola and Barna, 1986 MDNR, 1994b ATS, 2007, 2008
Dow Chemical, 1978a, 1978b Rossmann et al., 1983 Jude et al., 1993 CH2M Hill, 2005b
Zillichetal., 1973 Hilscherova et al., 2003
MDEQ, 2003b
Taylor and McCabe, 2002
SETAC, 2006

Surface water quality Dow Chemical, 1978a, 1978b Lawler Matusky & Skelly Jude et al., 1993
Engineers, 1983a, 1983b

Johnson and Creal, 1960 Murphy and Richardson, 1987 MDNR, 1990c, 1994b,
1994d, 1994e

Lawler Matusky & Skelly Rossmann et al., 1983
Engineers, 1983a

Lenonetal., 1979b U.S. EPA, 1985a

Michigan Water Resources
Commission, 1975

Rossmann et al., 1983

Groundwater quality Dow Chemical, 1984
U.S. EPA, 1985a, 1988b

Dow air emissions Dow Chemical, 1984
Clark, 1985

U.S. EPA, 1988a
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Attachment E (April 2008)

Table E.1. Tittabawassee River (cont.)

Citations

Pre-1980

1980-1989 1990-1999

2000-present

Dow effluent

Dow Chemical, 1978a, 1978b Amendola and Barna, 1986

Lawler Matusky & Skelly
Engineers, 1983a

MDNR, 1978b

Lawler Matusky & Skelly
Engineers, 1983a

Murphy and Richardson, 1987

Fish survey

Lawler Matusky & Skelly
Engineers, 1983a

Lenon etal., 1979b

Mrozinski, 1979
Zillich, 1972

Davis, 1989 MDNR, 1994b

Lawler Matusky & Skelly Dow Chemical, 1993
Engineers, 1983a, 1983b

Amendola, 1987
FCMP, 2007

SETAC, 2006

Fish and wildlife tissue

Batchelder and Alexander,
1974

Dow Chemical, 197843,
1978b, 1978c

Hesse and Lauer, 1972
Rossmann et al., 1983
Sylvester, 1974

U.S. EPA, 1978
Willson, 1972
Wauerthele, 1971

Amendola and Barna, 1986 MDNR, 1991b

MDNR, 1991b, 1991c FCMP, 2007
Clark, 1985

Masterson, 1989

MDPH, 1985

Murphy and Richardson, 1987
Rohrer, 1982

Schneider, 1985

U.S. EPA, 1986, 1988c

Zwiernik et al., In press (c)

FCMP, 2007
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Attachment E (April 2008)

Table E.1. Tittabawassee River (cont.)

Citations
Pre-1980 1980-1989 1990-1999 2000-present

Benthic macroinvertebrate  Lawler Matusky & Skelly — Gersich et al., 1985 MDNR, 1994b SETAC, 2006
survey/tissue residuals Engineers, 1983a

Lenon etal., 1979a, 1979b Lawler Matusky & Skelly Matthew Zwiernik, personal

Engineers, 1983a, 1983b communication, 2008

Sylvester, 1974

Zillich, 1972

Zillich et al., 1973
Birds wholebody/egg tissue Clark, 1985 MDEQ, 2003b

residual

Aquatic/terrestrial plant,
small mammal, and
terrestrial invertebrate tissue
residuals

SETAC, 2006

Periphyton/phytoplankton
survey

Lenon et al., 1979a

Lawler Matusky & Skelly
Engineers, 1983a

Zillich, 1972

Lawler Matusky & Skelly
Engineers, 1983a, 1983b

Bioassay (toxicity testing,
bioaccumulation, caged fish
studies)

MDNR, 1971, 1973

Amendola and Barna, 1986 MDNR, 1990c
MDNR, 1981b
Murphy and Richardson, 1987
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Attachment E (April 2008)

Table E.2. Saginaw River

Citations
Pre-1980 1980-1989 1990-1999 2000-present
Sediment quality MDNR, 1988b MDNR, 1988c Gossiaux et al., 1993 MDEQ, 2003b, 2006a
Evans, 1976 Goudy, 1989 Thermo Analytical and ERG, Taft-William, 2004
1993
USACE, 1984, 1988 USFWS, 1993 Taylor and McCabe, 2002
USFWS, 1993
Surface water quality Wuerthele, 1968 U.S. EPA, 1990 Suppnick, 1996
Robinson, 1965 U.S. EPA, 1990
Zillich etal., 1973
Fish and invertebrate MDNR, 1983b Brandon et al., 1991 Gale et al., 1997 Bohr and Day, 2004
surveyl/tissue residuals Hesse and Lauer, 1972 MDNR, 1983b, 1988c, 1991b, MDEQ, 1995
1993b
Zillich etal., 1973
Powers, 1974 Peterson and Rossio, 1986 Morse, 1996 FCMP, 2007
U.S. EPA, 1978 U.S. EPA, 1994 U.S. EPA, 1994
PSC, 2002
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Attachment E (April 2008)

Table E.3. Saginaw Bay

Citations
Pre-1980 1980-1989 1990-1999 2000-present
Soil quality MDEQ, 2003c
Sediment quality Gossiaux et al., 1993 Gossiaux et al., 1993 MDEQ, 2003b

Meyers and Tkeeuchi, 1981
USACE, 1984

Shen et al., 2006

Surface water quality

Beeton et al., 1967
Fetterolf, 1961
Robinson, 1972
Wouerthele, 1968

MDEQ and GLEC, 2001
U.S. DOI, 1995b
Walterhouse and Gerard, 1999

MDEQ and GLEC, 2005
Taylor and McCabe, 2002

Fish surveyl/tissue residuals

Batchelder, 1973

Carr, 1962

DeVault, 1984

Fetterolf, 1963a, 1963b, 1965
Hendrix and Yocum, 1984

MDNR, 1983b, 1988c

Mills and Newton, 1963, 1968
Newton, 1968

Willson, 1972

Brandon et al., 1991
DeVault, 1984

Fehringer et al., 1985
Hendrix and Yocum, 1984

MDNR, 1983b, 1988c, 1990c,
1991b, 1993b

O’Keefe et al., 1983
Peterson and Rossio, 1986
FCMP, 2007

Giesy et al., 1997
FCMP, 2007
MDEQ, 1995
PSC, 2002

U.S. DOI, 1995a

Bird survey/tissue residuals

Ellenton and McPherson, 1983
Fox et al., 1988

Hebert et al., 1994

Jones et al., 1994

Ludwig et al., 1993
Yamashita et al., 1993

Ewins et al., 1994
Hebert et al., 1994

Benthic invertebrate survey

Shannon et al., 1965

Surber, 1953, 1954, 195543,
1955b
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	TRSAA_NRDA_PLAN_ATTACHMENTS_APRIL_2008
	A. Tittabawassee River System Assessment Area Biota Lists 
	Ecosystem/species
	Northern mesic forest 
	American basswood (Tilia americana)
	American beech (Fagus grandifolia)
	American elm (Ulmus americana)
	Balsam fir (Abies balsamea)
	Ironwood or hop-hornbeam (Ostrya virginiana)
	Paper or white birch (Betula papyrifera)
	Red maple (Acer rubrum)
	White ash (Fraxinus americana)
	White cedar (Thuja occidentalis)
	White pine (Pinus strobus)
	Yellow birch (Betula alleghaniensis)
	Ecosystem/species
	Wet prairie
	Lowland conifer swamp
	Birds 
	Reptiles and amphibians
	Blue racer (Coluber constrictor foxi)
	Blue-spotted salamander (Ambystoma laterale)
	Bullfrog (Rana catesbeiana)
	Eastern american toad (Bufo americanus) 
	Eastern hog-nosed snake (Heterodon platirhinos)
	Eastern milk snake (Lampropeltis triangulum triangulum)
	Northern spring peeper (Pseudacris crucifer)
	Red-backed salamander (Plethodon cinereus)
	Western chorus frog (Pseudacris triseriata triseriata) 
	Wood frog (Rana sylvatica) 
	Mammals
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