
Addendum-1-1 
 

ADDENDUM No. 1 
 

RFP No. 18-23 
 

Snyder/Edgewood Avenues Area Storm Water Improvements Project 
 

Due: May 29, 2018 at 2:00 P.M. (local time) 
 
The following changes, additions, and/or deletions shall be made to the Request for Proposal for 
Snyder/Edgewood Avenues Area Storm Water Improvements Project, RFP No. 18-23, on which proposals 
will be received on/or before the date and time listed above. 
 
The information contained herein shall take precedence over the original documents and all previous 
addenda (if any), and is appended thereto. This Addendum includes 587 pages and are comprised of the 
five (5) documents described below. 
 
The Proposer is to acknowledge receipt of this Addendum No. 1, including all attachments in its 
Proposal by so indicating in the proposal that the addendum has been received. Proposals submitted 
without acknowledgement of receipt of this addendum may be considered non-conforming. 
 
The following forms provided within the RFP Document must be included in submitted proposal: 
 

• Attachment C - Non-Discrimination Declaration of Compliance 
• Attachment D - Living Wage Declaration of Compliance 
• Attachment E - Vendor Conflict of Interest Disclosure Form 

 
Proposals that fail to provide these completed forms listed above upon proposal opening will be rejected 
as non-responsive and will not be considered for award. 
 
 
I. CORRECTIONS/ADDITIONS/DELETIONS 
 
Changes to the RFP documents which are outlined below are referenced to a page or Section in which they 
appear conspicuously.  Offerors are to take note in its review of the documents and include these changes 
as they may affect work or details in other areas not specifically referenced here. 
 
Section/Page(s)  Change 
 
Section II, Page 17 The City of Ann Arbor is providing as part of this Request for Proposal 

additional information to help inform the proposers of the general soil 
conditions of the area(s) surrounding the project limits.  The information 
is as follows: 

 
1.  General Soil Boring Location drawing (1 page); 

 
2.  Soil boring logs as depicted in Item No. 1 (80 pages); 

 
3. Stadium Boulevard Reconstruction Project – Final Geotechnical 

Report (196 pages); 
 

4. Stadium Boulevard Bridges Replacement Project – Final Geotechnical 
Report (205 pages); and, 

 
5. City of Ann Arbor Stormwater Model Calibration and Analysis 

Project - Final Report (103 pages). 
 



Addendum-1-2 
 

 
II. QUESTIONS AND ANSWERS 
 
No written questions were received by the City of Ann Arbor by the written question deadline; thus no 
answers are being provided. 
 
 
 
Offerors are responsible for any conclusions that they may draw from the information contained in the 
Addendum. 
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FOR TERMS AND CONDITIONS OF THIS MAP, 
PLEASE SEE WWW.A2GOV.ORG/TERMS

FOR MORE INFORMATION.

CITY OF ANN ARBOR ENGINEERING

SCALE: 1" = 350'

SNYDER AND EDGEWOOD AVENUES AREA

STORM WATER IMPROVEMENTS PROJECT

GENERAL LOCATION OF SOIL BORINGS

FILE NO. 2018-034
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Bituminous Concrete (4-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 7-1/2 inches)

Fill: Loose Dark Brown Clayey Sand with
trace organic matter

(Organic Matter Content = 4.8%)

Stiff to Very Stiff Brown and Gray Silty
Clay with trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 5 feet west of East Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 20

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  FR-1

5ft
September 25, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-2
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14.8

15.3

4000*

7000*
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5.0

Bituminous Concrete (4 inches)
Fill: Brown Sand and Gravel with trace silt

(Natural Aggregate Base, 6 inches)

Very Stiff Brown Sandy Clay with trace
gravel

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 9 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 21

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  FR-2

5ft
September 25, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1
AS-2

AS-3

18.8
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5000*
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5.0

Bituminous Concrete (6 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 5 inches)

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 7 feet west of East Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 22

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  FR-3

5ft
September 25, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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16.3
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4500*
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5.0

Bituminous Concrete (3-1/2 inches)
Fill: Brown Sand and Gravel with trace silt

(Natural Aggregate Base, 5-1/2 inches)

Stiff to Very Stiff Brown and Gray Silty
Clay with trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 7 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 23

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  FR-4

5ft
September 25, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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Bituminous Concrete (5 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 9 inches)

Fill: Stiff Dark Brown Sandy Clay with trace
gravel and organic matter

Very Stiff to Hard Brown Silty Clay with
trace sand and gravel

End of Boring @ 7.5ft

MOISTURE
CONTENT

(%)

DRY
DENSITY

(PCF)

SOIL SAMPLE DATA
STD. PEN.

RESISTANCE
(N)

SAMPLE
TYPE-NO.

BLOWS/
6-INCHES

UNCONF.
COMP. STR.

(PSF)
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FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 2 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 26

SUBSURFACE PROFILE
DEPTH

(ft)

5
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15

Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  HE-1

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (5 inches)

Fill: Very Loose Brown Sand with trace silt
and gravel

Stiff to Very Stiff Brown Silty Clay with
trace sand and gravel and occasional sand

seams

End of Boring @ 7.5ft

MOISTURE
CONTENT

(%)

DRY
DENSITY

(PCF)

SOIL SAMPLE DATA
STD. PEN.

RESISTANCE
(N)

SAMPLE
TYPE-NO.

BLOWS/
6-INCHES
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COMP. STR.

(PSF)
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PRO-
FILE

Water Level Observation:
3-1/2 feet during and upon completion of drilling operations

Notes:
Boring performed 3 feet west of East Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 27

SUBSURFACE PROFILE
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(ft)

5

10

15

Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  HE-2

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (5 inches)

Fill: Brown Sand with trace silt and gravel

Fill: Very Stiff Dark Brown Sandy Clay with
trace gravel and organic matter

Loose Brown Clayey Sand with trace gravel

Medium Compact Brown Sand with trace
silt and gravel

End of Boring @ 7.5ft

MOISTURE
CONTENT

(%)

DRY
DENSITY

(PCF)

SOIL SAMPLE DATA
STD. PEN.

RESISTANCE
(N)

SAMPLE
TYPE-NO.
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UNCONF.
COMP. STR.
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FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 5 feet west of East Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 28

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  HE-3

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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7.5

Bituminous Concrete (4-1/4 inches)

Very Loose Brown Sand with trace silt and
gravel

Loose to Medium Compact Dark Brown
Silty Sand with trace clay and gravel

Hard Brown Silty Clay with trace sand and
gravel

End of Boring @ 7.5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 4 feet south of North Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 29

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  HE-4

7.5ft
October 16, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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Bituminous Concrete (4-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 10 inches)

Fill: Stiff Dark Brown and Greenish Gray
Silty Clay with trace sand and gravel and

occasional sand seams

Hard Brown Silty Clay with trace sand and
gravel

End of Boring @ 7.5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 4 feet north of South Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 30
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  HE-5

7.5ft
October 16, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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89

78

6-5-5
(10)

4-3-3
(6)

0.75
16

3-1/2 inches of ASPHALT

14-1/2 inches of brown moist fine to medium SAND with some
gravel and silt - (FILL)

Brown and dark brown variegated moist sandy CLAY with silt and
traces of gravel and organics - (FILL)

Brown and dark gray variegated moist medium stiff clayey MARL
with traces of sand and organics and occasional shells - (OL)
Loss-on-Ignition = 3.6%

Bottom of borehole at 5.5 feet.

NOTES Boring backfilled with auger cuttings and patched

LOGGED BY P. Cody

DRILLING CONTRACTOR CTI and Associates, Inc. GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/1/10 GROUND ELEVATION N/ACOMPLETED 11/1/10

DRILLING METHOD 3-3/4 inch Hollow Stem Auger
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MATERIAL DESCRIPTION

PAGE  1  OF  1

BORING NUMBER B-5 (Mt. Pleasant)

CLIENT City of Ann Arbor

PROJECT NUMBER 102040084

PROJECT NAME Miscellaneous Soil Borings

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates Inc

DURING DRILLING None



AS-1
AS-2 17

17

15

20

19

0.5

1.0

5.0

Bituminous Concrete (6-1/4 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 5-1/4 inches)

Fill: Medium Compact Brown Sand with
trace silt and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 4 feet south of North Curbline

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 50
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-4

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1
AS-2 20.5 5000*8

10

11

10

9

0.5

0.9

5.0

Bituminous Concrete (5-1/2 inches)
Fill: Brown Sand and Gravel with trace silt

(Natural Aggregate Base, 5-1/2 inches)

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 5 feet south of North Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 51

SUBSURFACE PROFILE
DEPTH

(ft)

5

10

15

Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-5

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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Latitude: N/A Longitude: N/A



AS-1
AS-2

AS-3 18.5 2500*
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4.0

5.0

Bituminous Concrete (6 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 8 inches)

Fill: Loose to Medium Compact Dark Brown
Clayey Sand with trace gravel and organic

matter
(Organic Matter Content = 3.7%)

Stiff Brown and Gray Silty Clay with trace
sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 5 feet south of North Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 52
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-6

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1

AS-2 21.7 5000*11

12

13

11

12

0.4

1.0

5.0

Bituminous Concrete (4-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 7-1/2 inches)

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 4 feet south of North Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 53
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-7

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1
AS-2

AS-3

27.2

11.4

3500*

7500*

8
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11

0.4

1.0

5.0

Bituminous Concrete (5 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 7 inches)

Stiff to Very Stiff Brown and Gray Silty
Clay with trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 15 feet south of North Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 54
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-8

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1
AS-2

AS-3

22.7

16.3

3500*

7000*

8

9

12

14

13

0.6

0.9

5.0

Bituminous Concrete (7-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 3-1/2 inches)

Stiff to Very Stiff Brown and Gray Silty
Clay with trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 4 feet north of South Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 55
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-9

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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AS-1
AS-2

AS-3 22.2 3500*

18
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9
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0.6

1.0

2.5

5.0

Bituminous Concrete (5 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 7 inches)

Fill: Medium Compact Brown Silty Sand
with trace clay and gravel

Stiff to Very Stiff Brown and Gray Silty
Clay with trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 13 feet north of South Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 56
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-10

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger

P
A

V
E

M
E

N
T

 C
O

R
E

 D
C

P
  1

20
54

7A
.G

P
J 

 G
2_

C
O

N
S

.G
D

T
  1

0/
1

9/
12

Latitude: N/A Longitude: N/A



AS-1
AS-2 21.1 4500*8

10

12

10

8

0.4

0.9

5.0

Bituminous Concrete (4-1/2 inches)
Fill: Brown Sand and Gravel with trace silt

(Natural Aggregate Base, 6-1/2 inches)

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

End of Boring @ 5ft

SOIL SAMPLE DATA

SAMPLE
TYPE/NO.

MOISTURE
CONTENT

(%)

UNCOF.
  COMP. ST.

(PSF)

DRY
DENSITY

(PCF)

DCP BLOWS/
1.75-INCHES

PRO-
FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 15 feet north of South Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 57
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  PA-11

5ft
September 28, 2012

G2 Consulting Group, LLC
J. Hayball, P.E.

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   4-inch diameter diamond tipped core barrel; 3-inch

diameter hand auger
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14.8

10.3
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9000*

9000*

0.3

2.5

7.5

Bituminous Concrete (4 inches)

Loose Brown Sand with trace silt and gravel

Hard Brown and Gray Silty Clay with trace
sand and gravel

End of Boring @ 7.5ft
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SOIL SAMPLE DATA
STD. PEN.

RESISTANCE
(N)

SAMPLE
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COMP. STR.
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FILE

Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 2 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 69

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  RE-2

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (6-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 2-1/2 inches)

Hard Brown and Gray Silty Clay with trace
sand and gravel

Very Loose Brown Clayey Sand with trace
gravel

End of Boring @ 7.5ft
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STD. PEN.
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Water Level Observation:
6 feet during and upon completion of drilling operations

Notes:
Boring performed 4-1/2 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 70

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  RE-3

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (6 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 2 inches)

Fill: Dark Brown Silty Clay with trace sand,
gravel, and organic matter

Very Stiff Brown and Gray Silty Clay with
trace sand and gravel

Loose Brown Silty Sand with trace clay and
gravel

End of Boring @ 7.5ft
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Water Level Observation:
6-1/2 feet during and upon completion of drilling operations

Notes:
Boring performed 4 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 71

SUBSURFACE PROFILE
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  RE-4

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (4-1/2 inches)
Fill: Brown Sand and Gravel with trace silt

(Natural Aggregate Base, 5-1/2 inches)

Very Stiff to Hard Brown Silty Clay with
trace sand and gravel

End of Boring @ 7.5ft
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Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 6 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 76
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  RU-2

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Bituminous Concrete (6-1/2 inches)

Fill: Brown Sand and Gravel with trace silt
(Natural Aggregate Base, 4 inches)

Very Stiff to Hard Brown Silty Clay with
trace sand and gravel

End of Boring @ 7.5ft
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Water Level Observation:
Dry during and upon completion of drilling operations

Notes:
Boring performed 6 feet east of West Curbline
* Calibrated Hand Penetrometer

Excavation Backfilling Procedure:
Borehole backfilled with auger cuttings and capped with cold
patch
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Figure No. 77
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Project Location: Ann Arbor, Michigan

Project Name: Ann Arbor Geotechnical

G2 Project No.   120547A

GROUND SURFACE ELEVATION:   N/A

Soil Boring No.  RU-3

7.5ft
October 4, 2012

Strata Drilling, Inc.
B. Sienkiewicz

Total Depth:
Drilling Date:
Inspector:
Contractor:
Driller:

Drilling Method:
   2-1/4 inch inside diameter hollow-stem augers

Latitude: N/A Longitude: N/A
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Revised: May 15, 2015

Mr. Andrew Kilpatrick, P.E.
Northwest Consultants, Inc.
3220 Central Park West
Toledo, Ohio 43617

RE: Geotechnical Investigation
Stadium Boulevard Reconstruction
Ann Arbor, Michigan
CTI Project No. 3142040052

Dear Mr. Kilpatrick:

As requested, CTI and Associates, Inc. (CTI) has completed a geotechnical investigation for the
proposed Stadium Boulevard Reconstruction project in the city of Ann Arbor, Washtenaw County,
Michigan. The enclosed report presents the results of our findings and an engineering interpretation of
these with respect to the soil related phases of the project including support of pavements and utilities,
retaining walls and construction recommendations.

In general, the geotechnical investigation revealed that Stadium Boulevard was typically covered with 3
to 7 inches of asphalt pavement underlain by 4 to 12 inches of concrete pavement.  A defined aggregate
base layer was observed in only five of the nineteen borings performed along Stadium Boulevard.  The
subgrade soils typically consisted of 3 to 6 feet of sand and clay fill, underlain by apparently native loose
to medium dense sand and stiff to hard clay layers. Isolated organic clay seams and very loose/medium
stiff soils were encountered.  On the remaining streets, the encountered pavement sections typically
consisted of 4 to 8 inches of asphalt with 4 to 12 inches of aggregate base.  The subgrade soils generally
consisted of loose to dense sand and stiff to hard clay.  Some near surface fill and isolated organic soils
were encountered. Recommendations for subgrade preparation, pavement support, retaining walls, and
soil permeability for use in designing storm water controls are included in the report sections that follow
to aid design.

We appreciate the opportunity to be of service to you on this project.  If you have any questions
regarding this report or if we can be of further assistance, such as providing field monitoring and quality
control inspection services during construction, please contact our office.

Sincerely,

CTI and Associates, Inc.

Theresa M. Marsik, P.E., LEED AP Kevin Foye, Ph.D., P.E.
Senior Project Engineer Project Engineer
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GEOTECHNICAL INVESTIGATION
STADIUM BOULEVARD RECONSTRUCTION

ANN ARBOR, MICHIGAN
CTI PROJECT NO. 3142040052

REVISED: MAY 15, 2015

1.0 INTRODUCTION

1.1. General

This report presents the results of the geotechnical investigation performed by CTI and

Associates, Inc. (CTI) for the proposed Stadium Boulevard Reconstruction project. The

proposed reconstruction area includes W. Stadium Boulevard from Hutchins to S. Main Street,

E. Stadium Boulevard from S. Main Street to Kipke Drive, and portions of S. Main Street, Potter

Avenue, Prescott Avenue and Edgewood Avenue in the city of Ann Arbor, Washtenaw County,

Michigan.

In general, the geotechnical investigation revealed that Stadium Boulevard was typically

covered with 3 to 7 inches of asphalt pavement underlain by 4 to 12 inches of concrete

pavement.  A defined aggregate base layer was observed in only five of the nineteen borings

performed along Stadium Boulevard.  The subgrade soils typically consisted of 3 to 6 feet of

sand and clay fill, underlain by apparently native loose to medium dense sand and stiff to hard

clay layers. Isolated organic clay seams and very loose/medium stiff soils were encountered.

On the remaining streets, the encountered pavement sections typically consisted of 4 to 8

inches of asphalt with 4 to 12 inches of aggregate base.  The subgrade soils generally

consisted of loose to dense sand and stiff to hard clay. Some near surface fill and isolated

organic soils were encountered. Recommendations for subgrade preparation, pavement

support, retaining walls, and soil permeability for use in designing storm water controls are

included in the report sections that follow to aid design.

Our evaluation was performed in general accordance with the scope of services outlined in CTI

Proposal No. 114PR02040-116 dated June 16, 2014 with preliminary authorization provided by

Mr. Andrew Kilpatrick, P.E. of Northwest Consultants, Inc. (NCI) on July 23, 2014. Final
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authorization was predicated on NCI receiving their final contract from the City of Ann Arbor,

which occurred in mid-October, 2014.

1.2. Purpose and Scope

The purpose of this study was to determine the general subsurface conditions at the site by

drilling test borings and to evaluate the data collected while drilling with respect to site

development requirements for the proposed project.  Specifically, the report presents our

evaluations and recommendations regarding the following items:

A. General subsurface (soil and groundwater) conditions at the site.

B. Design recommendations:  These include allowable bearing pressures for

retaining wall and traffic signal mast arm foundations, recommendations for

retaining walls, recommendations regarding soil permeability and infiltration,

support of pavements, and flexible and rigid pavement designs based on

provided traffic count data.

C. Construction recommendations:  These include site preparation and earthwork

operations, groundwater conditions and controls, potential construction

problems and recommendations regarding quality control during construction.

The evaluations and recommendations discussed in this report are based on the soil conditions

encountered in the test borings performed at the specific boring locations, and on the date

indicated on the boring logs.  The soil conditions may vary at locations other than the actual soil

boring locations.  These variations may not become evident until the time of construction.

If variations in the reported soil conditions are encountered, CTI should be contacted

immediately.  In such a case, it may be necessary for CTI to reevaluate the recommendations

of this report.  Such a reevaluation may be possible from on-site observations or may require

additional investigations.  If any such variations are revealed, they may result in increased

construction costs.  A contingency should be provided in the project budget to accommodate

such variations.
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CTI’s authorized scope of services included a geotechnical study of the subject site with limited

environmental sampling and analytical testing.  It did not include an environmental assessment

for determining the presence or absence of hazardous or toxic materials in the soil or

groundwater at, below or around the site.  Any statement contained within this report or

presented on the soil boring logs regarding odors, colors or unusual items are strictly for

informational purposes only.
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2.0 SITE AND PROJECT CHARACTERISTICS

2.1. Site Conditions

The project extents include W. Stadium Boulevard from Hutchins to S. Main Street, E. Stadium

Boulevard from S. Main Street to Kipke Drive, S. Main Street from about 350 feet north to 350

feet south of Stadium Boulevard, Potter Avenue from S. Seventh Street to Edgewood Avenue,

Edgewood Avenue from W. Stadium Boulevard to Potter Avenue, and Prescott Avenue from W.

Stadium Boulevard to Potter Avenue in the city of Ann Arbor, Washtenaw County, Michigan.

Each roadway was covered by asphalt pavement.  The age of the pavement was not provided.

Several areas of pavement distress were observed on each roadway, indicative of multiple

years of service. In some isolated areas, pavement distress indicated subgrade instability.

NCI provided the ground surface elevation at each boring location. Based on our visual

observations and the provided topographic information, W. Stadium Boulevard sloped

downward toward the east with a maximum elevation difference from Hutchins to S. Main

Street of up to 23 feet.  From S. Main Street to Kipke Drive, E. Stadium Boulevard sloped

downward toward the east with a maximum elevation difference of up to 30 feet. In general,

the remaining roadways that are oriented north-south (S. Main, Edgewood and Prescott) sloped

downward away from Stadium and then sloped upward toward the north.  Potter Avenue sloped

downward toward to west with a maximum elevation difference of up to 8 feet.

2.2. Project Description

The proposed project includes the reconstruction of Stadium Boulevard from Hutchins to Kipke

Drive. In addition to the complete reconstruction of the roadway, the project will aim to improve

pedestrian features and maintain the design elements and aesthetic features from recently

completed projects along East and West Stadium Boulevard.  Elements of the design will

include:

 A continuation of the 8-foot wide path along the south side of E. Stadium, from Main Street

to the U-M Golf Course;

 Retaining walls associated with the 8-foot wide path;

 On-street bicycle lanes;
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 The relocation of a pedestrian island;

 Upsizing the existing 20-inch diameter raw water main, between U-M Golf Course and

proceeding west to Prescott, then north to Potter, and west to S. Seventh;

 Replacing and upsizing the existing 6-inch diameter domestic water main within W.

Stadium, from Main Street to the western project limits;

 Storm water improvements;

 Traffic signal mast arm and poles at the Stadium Boulevard and Main Street intersection.

The location of the traffic signal mast arms has not yet been determined.  Once the location has

been selected, additional field exploration will be performed and an addendum letter to this

report will be issued.

We anticipate that the top of pavement elevation will match the existing pavement grades.  The

proposed utility bearing elevations are anticipated to be at or slightly below the existing utility

bearing elevations.

The recommendations presented in this report are based on the provided and/or assumed

project information and the results of our geotechnical exploration. Once the design conditions

have been finalized, or if any of the above noted project information is considered incorrect or is

changed, CTI should be informed in writing so that a review can be performed and any

necessary revisions to our recommendations can be made.
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3.0 INVESTIGATION PROCEDURES

NCI provided CTI with a final proposed boring location plan and revised scope of field services

on November 3, 2014.  CTI marked the soil borings in the field on November 4, 2014 based on

the provided boring location plan and on the existing site conditions.  Falling Weight

Deflectometer (FWD) testing was performed by Applied Research Associates, Inc. (ARA) on

November 6, 2014.  After determining that the utilities had been marked and relocating the

proposed boring locations so that they were not in conflict with the marked utilities, the drilling

operations began on November 10, 2014 and concluded on November 14, 2014.

3.1. Field Investigation – Falling Weight Deflectometer

FWD testing is used to measure the ability of pavement to bear its working load, by measuring

the vertical deflection response of the tested pavement surface to a series of impulse loads.

When combined with pavement layer thickness obtained from the drilling operations, the

subgrade resilient modulus (Mr) can be determined for use in pavement design using FWD

data. As requested by the project team, ARA performed the FWD testing at the approximate

boring locations – both on Stadium Boulevard and the explored side streets – on November 6,

2014. Using the pavement thickness information from the boring logs, ARA backcalculated the

pavement and subgrade moduli to determine the Mr and modulus of subgrade reaction (k-

value) for use in CTI’s pavement design analysis.

3.2. Field Investigation – Drilling Activities

Our field investigation consisted of drilling forty soil borings at the subject site. For ease of

marking in the field, the borings were denoted B-1 through B-40.  Once the borings were

completed, the borings were renamed their assigned designation, FF-01, FF-02, FFSB-01

through FFSB-06, RWFF-01 through RWFF-03, and SB-01 through SB-29. The number, depth

and general locations of the soil borings were selected by Northwest Consultants, Inc. and the

City of Ann Arbor. The borings were extended to depths ranging from approximately 5 to 30

feet below the existing ground surface.

CTI had originally planned to perform RWFF-01 and RWFF-02 to a depth of 25 feet.  However,

the borings were extended to a depth of 30 feet in an effort to find a sand layer suitable for
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infiltration at a reasonable depth.  A sand layer was not encountered; therefore, the borings

were terminated at 30 feet.

The borings were located in the field by CTI personnel. Ground surface elevations at the soil

boring locations were provided by NCI on December 22, 2014. The approximate locations of

the soil borings are shown on the Boring Location Plan sheets prepared by NCI, which have

been included in the Appendix of this report.

The drilling operations were performed by Brax Drilling, under the direction of CTI personnel,

on November 10th through November 14th, 2014 utilizing a truck-mounted drill rig. Typically, the

shallow (5-foot) soil borings were advanced using continuous flight solid-stem augers.  One soil

boring (SB-10) was advanced using a hand auger due to the proximity of the existing utilities to

the planned boring location and any potential offset locations. The deeper soil borings were

advanced using continuous flight hollow-stem augers. Soil samples were obtained at intervals

of 2½ feet within the upper 15 feet and at intervals of 5 feet thereafter.  The soil samples were

obtained by the Standard Penetration Test Method (ASTM D1586), whereby a 2-inch outside

diameter split-barrel sampler is driven into the soil with a 140-pound weight falling freely

through a distance of 30 inches.  The sampler is generally driven three successive 6-inch

increments, with the number of blows for each increment being recorded.  The combined

number of blows required to advance the sampler the second and third 6-inch increments is

termed the Standard Penetration Resistance, N. A limited number of liner samples were

obtained in conjunction with the split barrel sampler in an effort to determine the in-situ density

of granular soils. The soil samples obtained with the split-barrel sampler were sealed in glass

jar containers and transported to our laboratory for further classification and testing. After

completion of the drilling operations, the boreholes were backfilled with excavated soil (i.e.,

auger cuttings) and patched with a cold asphalt patch.

Soil and groundwater conditions observed in the test borings have been evaluated and are

presented on the Borings Logs included in the Appendix.  To aid in understanding the data

presented on the boring logs, “General Notes for Soil Classification,” describing nomenclature

used in soil descriptions, are also included in the Appendix.  It should be noted that the soil

descriptions reported on the test boring logs are based upon field logs prepared by experienced
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drillers with modifications made based on the results of laboratory testing and engineering

review.

3.3. Laboratory Testing – Geotechnical

The laboratory testing program was directed towards determining the general soil classification

and physical properties of the soil pertinent for pavement design, storm water system

improvements and site preparation.  All laboratory testing was performed in general

accordance with applicable ASTM test method standards.  The laboratory testing consisted of

visual soil classification of every sample; and grain size analysis, constant head and falling

head permeability testing, unconfined compressive strength testing, natural density and

moisture content determination, loss-on-ignition (organic content) testing and corrosivity testing

(pH, oxidation-reduction potential, and soil resistivity) testing of selected samples.  The

unconfined compressive strength of several cohesive samples was also estimated based on

the resistance to a calibrated spring-loaded hand penetrometer.

The soil samples were visually classified in general accordance with the Unified Soil

Classification System (USCS).  The estimated USCS group symbol is shown in parentheses

following the written description of the various natural strata on the test boring logs.  The results

of all laboratory tests are indicated on the boring logs at the depths the samples were obtained

and/or on the “Summary of Laboratory Test Results” included in the Appendix.

3.4. Laboratory Testing – Analytical

Due to client-expressed concerns about the presence of hydrocarbon-contaminated soils in the

vicinity of a former LUST site at the northwest corner of Stadium and Main and concerns about

Michigan metals in the soils within the project limits, CTI obtained representative soil samples

for analytical testing.  Samples for metals were placed in laboratory prepared glass jars and

placed in a cooler with ice until transported to the laboratory under appropriate chain of custody

protocol.  Samples for volatile organic compound (VOC) analysis were collected and preserved

in accordance with USEPA Method 5035 (methanol preservation) and placed in a cooler with

ice until transported to the laboratory under appropriate chain of custody protocol. The

analytical results are included in the Appendix and are for information only.  CTI’s scope did not

include environmental recommendations for this project.
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4.0 GENERAL SUBSURFACE CONDITIONS
The following paragraphs present generalized soil and groundwater conditions encountered at the

subject site based on the available test borings. For a more detailed description of the subsurface

conditions encountered at the site, please refer to the individual soil boring logs and the Boring

Location Plan sheets provided in the Appendix.

4.1. Soil Conditions

4.1.1. Soil Conditions – Stadium Boulevard

A total of nineteen soil borings were performed along Stadium Boulevard, from just west of

Prescott Avenue to approximately 150 feet west of Kipke Drive.  The borings performed along

Stadium Boulevard included FF-01, FF-02, FFSB-01 through FFSB-05, RWFF-01 through

RWFF-03, and SB-01 through SB-09.

Pavement Section
Approximately 3 to 7 inches of asphalt pavement was encountered at the boring locations. The

asphalt pavement was typically underlain by 4 to 12 inches of concrete pavement, except at the

locations of FF-02 and FFSB-04 where concrete pavement was not encountered. Below the

pavement encountered at FFSB-01, FFSB-03, FFSB-04, FF-01, FF-02, SB-03 and SB-05,

approximately 5 to 12 inches of aggregate base material was encountered.  A defined

aggregate base layer was not encountered at the remaining boring locations along Stadium

Boulevard.

Fill/Possible Fill Material
Layers of sand and/or clay fill materials were encountered below the pavement sections at the

locations of Borings FF-01, FFSB-01 through FFSB-03, FFSB-05, RWFF-01, SB-02 through

SB-04, and SB-08.  The fill/possible fill materials extended to the final explored depth of SB-02

and SB-04, and to depths of 3 to 6 feet below the existing pavement surface at the remaining

borings. In the absence of foreign debris, it is difficult to distinguish between native soils and

clean fill within a relatively small diameter boring.
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Loss-on-ignition testing was performed on the fill materials encountered within FF-01, FFSB-03,

FFSB-05, RWFF-01, SB-02, and SB-04. Loss-on-ignition testing indicated that the tested

samples had an organic content in the range of approximately 2.1 to 3.8 percent.

Below the fill encountered within FFSB-02, apparently native organic-containing clay was

encountered to a depth of 7¼ feet below the existing pavement surface. Loss-on-ignition

testing indicated that the tested sample had an organic content of approximately 2.5 percent.

Brown/Mottled Brown and Gray Clay
Below the pavement sections encountered at FF-02, FFSB-04, RWFF-02, SB-01, SB-06, SB-

07, and SB-09; below the fill materials encountered within FF-01, FFSB-01, FFSB-03 through

FFSB-05, RWFF-02, and SB-03; and below the organic-containing clay encountered within

FFSB-02, apparently native brown/mottled brown and gray clay was encountered.  The

brown/mottled brown and gray clay layer extended to the final explored depths of SB-01, SB-

03, SB-06 and SB-07; and to depths ranging from 3 to 12½ feet below the existing grade at the

remaining boring locations.

The Standard Penetration Test (SPT) resistance (N) values recorded within this stratum

typically ranged from 7 to 21 blows per foot. The unconfined compressive strength of the tested

samples typically ranged from approximately 3,000 pounds per square foot (psf) to more than

9,000 psf, indicating stiff to hard consistencies. The moisture contents of representative clay

samples from this stratum ranged from approximately 12 to 27 percent.  The brown/mottled brown

and gray clay samples appeared to be in a moist condition when examined in the laboratory.

Granular Soils
Below the pavement section encountered at RWFF-03 and SB-05; below the fill materials

encountered within SB-08; and below the brown/mottled brown and gray clay layer within FF-

01, FF-02, FFSB-0 through FFSB-05, and SB-09, granular soils of varying gradation containing

varying amounts of silt and clay were encountered.  The granular soils extended to the final

explored depths of FF-02, FFSB-03, RWFF-03, SB-05, SB-08 and SB-09, and to depths of 9 to

24½ feet within the remaining borings.

N-values recorded within the granular soils encountered to a depth of about 18 feet typically

ranged from 2 to 7 blows per foot, indicating very loose to loose relative densities. Below a
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depth of about 18 feet, the N-values recorded within the granular soils typically ranged from 11

to 27 blows per foot, indicating a medium dense relative density.

Higher N-values of 11 to 19 blows per foot were encountered within FFSB-05 and RWFF-03 to

depths of 11 and 5 feet, respectively.  Within FF-02, N-values for the entire explored depth of

the boring ranged from 18 to 35 blows per foot, indicating medium dense to dense relative

densities.

The granular samples appeared to be in a moist to wet condition when examined in the laboratory.

Gray Clay
Below the fill materials encountered within RWFF-01; below the brown/mottled brown and gray

clay encountered within FFSB-01 and RWFF-02; and below the granular soils encountered

within FF-01, FFSB-02, FFSB-04 and FFSB-05, gray clay was encountered.  The gray clay

stratum extended to a depth of about 15½ feet within FFSB-01 and to the final explored depths

of the remaining borings.

N-values recorded within the gray clay typically ranged from 8 to 14 blows per foot. A higher N-

value of 52 blows per foot was recorded at a depth of 25 feet within FF-01 due to cobbles. The

unconfined compressive strength of the tested samples typically ranged from approximately 3,000

psf to more than 9,000 psf, indicating stiff to hard consistencies. The moisture contents of

representative clay samples from this stratum ranged from approximately 8 to 18 percent.  The

gray clay samples appeared to be in a moist condition when examined in the laboratory.

Granular Soils
Below the gray clay encountered within FFSB-01, silty sand was encountered to a depth of 20

feet. An N-value of 26 blows per foot was recorded within the silty sand, indicating a medium

dense relative density. The silty sand samples appeared to be in a moist to wet condition when

examined in the laboratory.

Gray Clay
The silty sand encountered within FFSB-01 was underlain by gray clay to the final explored

depth of 25 feet. An N-value of 20 blows per foot was recorded within the gray clay layer. The

unconfined compressive strength of the tested sample was approximately 5,000 psf, indicating a
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very stiff consistency. The moisture content of the tested clay sample from this stratum was

approximately 8 percent.  The gray clay sample appeared to be in a moist condition when

examined in the laboratory.

4.1.2. Soil Conditions – S. Main Street

A total of eight soil borings were performed along S. Main Street, from approximately 350 feet

south to 350 feet north of Stadium Boulevard.  The borings performed along S. Main Street

included SB-10 through SB-17.

Pavement Section
Approximately 6 to 8 inches of asphalt pavement was encountered at the boring locations,

underlain by approximately 6 to 12 inches of aggregate base material.  A defined aggregate

base layer was not encountered within SB-13 through SB-15.

Fill Material
Layers of sand and/or clay fill materials were encountered below the pavement sections at the

locations of Borings SB-16 and SB-17.  The fill materials extended to the final explored depth of

SB-16 and to a depth of about 4¾ feet within SB-17.

Granular Soils
Below the pavement section encountered at SB-10 through SB-15, granular soils of varying

gradation containing varying amounts of silt were encountered. The granular soils extended to

the final explored depths of SB-10 and SB-15, and to depths of about 3 feet within the

remaining borings.

N-values recorded within the granular soils typically ranged from 12 to 21 blows per foot,

indicating a medium dense relative density.  A higher N-value of 41 blows per foot was

recorded within SB-15, indicating a dense relative density. The granular samples appeared to

be in a moist condition when examined in the laboratory.



 
 
 
 
 

 

 

13

Brown/Mottled Brown and Gray Clay
Below the fill material encountered within SB-17 and below the granular soils encountered

within the remaining borings, brown/mottled brown and gray clay was encountered to the final

explored depths of the borings.

The N-values recorded within the clay ranged from 7 to 13 blows per foot. The unconfined

compressive strength of the tested samples ranged from approximately 5,000 psf to more than

9,000 psf, indicating very stiff to hard consistencies. The moisture contents of representative clay

samples from this stratum ranged from approximately 14 to 16 percent.  The clay samples

appeared to be in a moist condition when examined in the laboratory.

4.1.3. Soil Conditions – Potter Avenue

A total of six soil borings were performed along Potter Avenue, from S. Seventh Street to

Edgewood Avenue.  The borings performed along Potter Avenue included SB-18 through SB-

23.

Pavement Section
Approximately 5 to 6 inches of asphalt pavement was encountered at the boring locations,

underlain by approximately 6 to 18 inches of aggregate base material.

Fill Material
Clay fill materials were encountered below the pavement sections at the locations of Borings

SB-19 and SB-20.  The fill materials extended to a depth of about 3 feet.

Loss-on-ignition testing was performed on the fill material encountered within SB-19. Loss-on-

ignition testing indicated that the tested sample had an organic content of approximately 3.9

percent.

Brown/Mottled Brown and Gray Clay
Below the pavement sections encountered at SB-18 and SB-21 through SB-23, and below the

fill material encountered within SB-19 and SB-20, apparently native brown/mottled brown and

gray clay was encountered to the final explored depths of the borings.
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The N-values recorded within the clay ranged from 6 to 26 blows per foot.  The unconfined

compressive strength of the tested samples ranged from approximately 2,000 psf to more than

9,000 psf, indicating stiff to hard consistencies.  The moisture contents of representative clay

samples from this stratum ranged from approximately 13 to 20 percent.  The clay samples

appeared to be in a moist condition when examined in the laboratory.

4.1.4. Soil Conditions – Prescott Avenue

A total of five soil borings were performed along Prescott Avenue from W. Stadium Boulevard

to Potter Avenue.  The borings performed along Prescott Avenue included SB-24 through SB-

28.

Pavement Section
Approximately 4 to 5 inches of asphalt pavement was typically encountered at the boring

locations, underlain by approximately 4 to 14 inches of aggregate base material. A defined

aggregate base layer was not encountered at the location of SB-27.

Fill Material
Layers of sand and/or clay fill materials were encountered below the pavement sections at the

locations of Borings SB-26 through SB-28.  The fill materials extended to the final explored

depth of SB-26, and to depths of 2½ to 3 feet below the existing pavement surface at SB-27

and SB-28.

Loss-on-ignition testing was performed on the fill materials encountered within SB-26, and SB-

28. Loss-on-ignition testing indicated that the tested samples had an organic content in the

range of approximately 4.0 to 5.4 percent.

Brown/Mottled Brown and Gray Clay
Below the pavement sections encountered at SB-24 and SB-25 and below the fill materials

encountered within SB-27 and SB-28, apparently native brown/mottled brown and gray clay

was encountered.  The brown/mottled brown and gray clay layer extended to the final explored

depths of SB-24, SB-27 and SB-28; and to a depth of about 2½ feet below the existing grade at

SB-25.
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N-values recorded within this stratum typically ranged from 6 to 20 blows per foot. The

unconfined compressive strength of the tested samples typically ranged from approximately 3,000

psf to more than 9,000 psf, indicating stiff to hard consistencies. The moisture contents of

representative clay samples from this stratum ranged from approximately 11 to 18 percent.  The

brown/mottled brown and gray clay samples appeared to be in a moist condition when examined

in the laboratory.

Granular Soils
Below the clay encountered within SB-25, silty sand was encountered to the final explored

depth of the boring. An N-value of 8 blows per foot was recorded within the silty sand,

indicating a loose relative density. The silty sand appeared to be in a moist condition when

examined in the laboratory.

4.1.5. Soil Conditions – Edgewood Avenue

A total of two soil borings were performed along Edgewood Avenue from W. Stadium

Boulevard to Potter Avenue.  The borings performed along Edgewood Avenue included FFSB-

06 and SB-29.

Pavement Section
Approximately 6 inches of asphalt pavement was encountered at the boring locations.  A

defined aggregate base layer was not encountered at the boring locations on Edgewood

Avenue.

Fill Material
Layers of sand or clay fill materials were encountered below the surficial pavement.  The fill

materials extended to depths of 3 to 4 feet below the existing pavement surface

Below the fill encountered within FFSB-06, apparently native organic-containing clay was

encountered to a depth of 6½ feet below the existing pavement surface. Loss-on-ignition

testing indicated that the tested sample had an organic content of approximately 4.6 percent.
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Brown Clay
Below the fill materials encountered within SB-29, apparently native brown clay was

encountered to the final explored depth of 5 feet. An N-value of 13 blows per foot was recorded

within this stratum.  The unconfined compressive strength of the tested sample was

approximately 6,000 psf, indicating a very stiff consistency.  The moisture content of

representative clay sample from this stratum was 15 percent.  The brown clay sample appeared to

be in a moist condition when examined in the laboratory.

Granular Soils
Below the organic-containing clay encountered within FFSB-06, apparently native granular soils

containing some silt were encountered to a depth of 23¾ feet. N-values recorded within the

granular soils ranged from 2 to 6 blows per foot, indicating very loose to loose relative

densities. The granular samples appeared to be in a moist to wet condition when examined in the

laboratory.

Gray Clay
Below the granular soils, gray clay with occasional sand seams was encountered to the final

explored depth of FFSB-06. An N-value of 13 blows per foot was recorded within the gray clay.

The unconfined compressive strength of the tested sample was approximately 6,500 psf,

indicating a very stiff consistency. The moisture content of the representative clay sample from

this stratum was approximately 18 percent.  The gray clay sample appeared to be in a moist

condition when examined in the laboratory.

The above subsurface description is of a generalized nature, and is intended to highlight the

major stratification features and material characteristics.  The individual test boring logs should

be reviewed for specific information. The stratification depths shown on the test boring logs

represent the soil conditions at the actual boring locations only.  Variations may occur between

and/or beyond the boring locations. The nature and extent of any variations may not become

evident until the time of construction. If significant variations in the soil conditions are

discovered during construction, it should be immediately brought to the attention of CTI, before

removal.



 
 
 
 
 

 

 

17

4.2. Groundwater Conditions

During drilling of the soil borings, groundwater seepage or perched water was encountered

within FF-01, FF-02, FFSB-01, FFSB-05, FFSB-06, RWFF-03, SB-05 and SB-08 at depths in

the range of 3½ to 23 feet (Elevation 851.5 to 902.9 feet). Collapse of the boreholes upon

removal of the augers precluded accurate measurement of the groundwater level following

drilling operations. Groundwater seepage was not observed either during or after the drilling

operations within the remaining test borings.

The short-term groundwater level observations from the borings are not necessarily indicative

of the static, long-term groundwater conditions.  The groundwater within cohesive soil deposits

(clays) is typically confined within discontinuous sand or silt seams interbedded within the clay

soil.  Drilling operations in these soils have a tendency to seal off the paths of groundwater flow

due to the slurry created during drilling.  Seams of water-bearing sand or silt are possible at

various depths and locations within the native clay soils.  Groundwater seepage through the

clays soils at this site will depend highly on the frequency of sand seams present within the soil.

Due to the inherent low permeability of the native clay soils, a long time would be required for

the water level in an open borehole to stabilize with the long-term, hydrostatic groundwater

level.  It would be necessary to install and monitor a series of observation wells (piezometers)

over an extended period of time to accurately determine the position of the long-term

hydrostatic groundwater level in these soil conditions.  The installation of groundwater

monitoring wells was beyond the scope of our services for this project.

Normally, if a boring is drilled in cohesive soils, groundwater may not reach a static level

immediately after drilling.  The groundwater may rise or fall to a static level if the boring is left

open for an extended period of time, possibly several days.  The depth at which the soil color

changes from brown to gray is often an indication of the long-term piezometric level. This color

change generally results from the lack of oxidation in the soil below the zone of saturation.

Based on the results of the test borings, the long-term piezometric level at this site appears to

typically be at depths in the range of 4 to 24½ feet (approximately Elevation 854.4 to 897.9

feet).



 
 
 
 
 

 

 

18

The groundwater conditions discussed herein and indicated on the soil boring logs represent

those encountered at the time of the field investigation.  The groundwater levels, including

perched groundwater accumulations, should be expected to fluctuate seasonally, based on

variations in precipitation, evaporation, surface run-off and other factors not evident at the time

of our investigation.  The actual groundwater levels at the time of construction may vary from

those provided herein.

The above soil and groundwater conditions represent a generalized summary of the subsurface

conditions and material characteristics.  The individual Boring Logs and Boring Location Plan

sheets should be reviewed for specific information and details relating to specific areas of the

site.

4.3. Corrosivity Testing

Corrosivity testing consisting of pH determination, resistivity testing and oxidation-reduction

potential testing were performed in our laboratory on the representative samples collected at

depths of about 5 feet.  The American Water Works Association (AWWA) developed an

American National Standard – ANSI/AWWA C105/A21.5 – that addressed the need for

polyethylene encasement for ductile iron pipes.  The corrosivity testing was performed in

accordance with the Soil Survey Tests and Observations section of that standard, which

assigns a number of points based on the results of the corrosivity testing.  If a soil meets or

exceeds a score of 10 points, the standard states that the soils are corrosive to ductile iron pipe

and protection is needed.  The results of our laboratory corrosivity tests are presented in Table

1 below. Table 1 also presents the points assigned by the AWWA standard based on the test

results.
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Table 1. Corrosivity Test Results

Boring

Number

Resistivity

(ohm-cm)

pH

Oxidation-

Reduction

Potential

(mV)

Sulfides

(Negative,

Trace or

Positive)

Moisture

(Poor,

Fair or

Good

Drainage)

Total Points

per

ANSI/AWWA

C105/A21.5

(not

including

Sulfides)

SB-01 2,700 7.79 202 Not Tested Poor 3

FFSB-02 2,750 7.81 205 Not Tested Poor 3

SB-07 1,830 9.06 182 Not Tested Poor 10

RWFF-01 2,220 8.77 262 Not Tested Poor 7

RWFF-03 2,000 8.13 241 Not Tested Good 5

SB-15 1,580 8.96 172 Not Tested Good 11

SB-11 5,790 8.78 214 Not Tested Poor 5

SB-21 1,670 8.67 236 Not Tested Poor 13

SB-24 3,000 8.49 243 Not Tested Poor 3

SB-29 2,000 8.03 203 Not Tested Poor 7

Based on the test results, three of the ten tested samples (highlighted in Table 1) indicate the

soil to be highly corrosive to ductile iron pipe, meeting or exceeding the 10 point threshold

requiring protection in the AWWA standard.  The test results for four additional samples

indicate that the soil at those locations are moderately corrosive to ductile iron pipe.  The

presence of sulfides in the soil samples was not tested.  If a soil tests positive for sulfides, the

maximum additional points that would be assigned would be 3.5. Conservatively assuming the

presence of sulfides, 80 percent of the tested soil would classify as moderately to highly

corrosive to ductile iron pipe. In accordance with the AWWA guidelines, we recommend a

provision for polyethylene encasement of ductile iron pipes be made in the contract documents.
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5.0 ANALYSIS AND DESIGN RECOMMENDATIONS
At the time this report was prepared, the overall project was in the planning and design stage.  The

following recommendations have been developed based on the previously assumed/described project

characteristics and subsurface conditions.  If there is any significant change in the project

characteristics from those presented earlier, a review should be made by CTI to determine if any

modifications in the evaluations and recommendations included in this report will be required.

As mentioned previously, the proposed project includes replacing and upsizing the 20-inch diameter

raw water main that runs along Stadium Boulevard from the U-M Golf Course west to Prescott, north

to Potter, and then west to Seventh Street. The new raw water main will be 30-inch diameter ductile

iron pipe. The project also includes replacing and upsizing the existing 6-inch diameter domestic

water main that runs along Stadium from S. Main Street to the western limits of the project. The new

domestic water main is anticipated to be 8-inch diameter ductile iron pipe. Storm water

improvements, which include treatment of both the first flush and bank-full rain events, are also

planned. The proposed depths and alignments of the new utility lines have not been provided.  Based

on review of existing utility data, we anticipate that the existing storm and sanitary sewer lines are

located approximately 8 to 10 feet below the existing grade, and the existing water lines are located

approximately 5 to 8 feet below the existing grade.

Based on the available soil and project information, the explored portions of the roadway rights-of-way

appear to be suitable for installation of the proposed utilities using either open-cut excavation or

directional drilling methods. Based on the available project information, CTI anticipates that the majority

of the utility lines will be constructed utilizing open-cut excavations. Where open cut excavations are

made in the vicinity of at-grade structures (e.g. retaining walls, light poles, sidewalks, etc.) or adjacent

utilities, some measure of shoring will be necessary to protect those structures.

In general, granular and/or cohesive fill materials containing varying amounts of organics were

encountered to varying depths across portions of each explored roadway.  The presence and

thickness of fill materials and/or organic-containing soils may vary across the project limits.  Some of

the existing fill (where present) will likely be removed during open-cut excavation for utility

construction.  If the owner is willing to assume the risks related to decreased pavement
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life/serviceability by doing so, some or all of the remaining fill could be left in place for pavement

support, following proper subgrade preparation activities described in this report.

5.1. Utility Installation Recommendations – Open Cut Method

In general, the placement of utility lines within the soil profile does not greatly increase the load

on the underlying soil.  However, it is important that the utility pipe be placed on a firm and

stable subgrade, along the design alignment and at the proper grade to prevent the pipe from

becoming over-stressed in hoop compression or bending.

Based on the available project information, we anticipate that the invert elevations (bottom of

pipe) of new storm and sanitary sewer lines will be located approximately 8 to 10 feet below the

existing pavement surface, and the invert elevations of new water lines will be located

approximately 5 to 8 feet below the existing pavement surface. Based on the soil conditions

encountered at the boring locations, the soil at the utility invert elevation along Stadium Boulevard

is anticipated to be stiff to hard clay and/or very loose to loose sands. Based on FFSB-06,

performed on Edgewood Boulevard, the soil at the utility invert elevation is anticipated to be

organic-containing clay and/or loose sand.  The organic-containing clay is not considered suitable

for support of the proposed utilities, and should be removed and replaced with suitable engineered

fill. The borings on the remaining streets were primarily performed to facilitate pavement

design. However, based on the soils encountered within the test borings, we anticipate that the

soils present at the utility invert elevations will be similar to those encountered along Stadium

Boulevard.

All excavations should comply with MIOSHA guidelines, as described in Section 5.3 of this report.

After excavating to the proposed utility invert elevation, the exposed soils should be thoroughly

inspected to verify that they are in a stable condition.  We recommend that the contractor verify the

actual groundwater conditions at the time of construction.  Depending on the condition of the

exposed subgrade soils, it may be necessary to stabilize the soils with a layer of crushed stone

prior to placing pipe bedding material.

Additionally, due to the proximity of existing slopes and retaining walls to the proposed utility

improvements, additional excavation protection such as shoring/bracing is expected to be required

to meet safe excavation requirements and to protect adjacent infrastructure.
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In general, sufficient bedding material should be placed and compacted below the utility pipes.

Unless the design requirements are otherwise, we recommend a minimum of 6 inches of bedding

material be placed below the utility pipe invert elevation.  The bedding materials shall be placed in

the trench bottom over stable subgrade soils and extend up and around the utility lines and

compacted in accordance with the project specifications.  Granular backfill around the utility pipes

should be tamped in place evenly to avoid imparting excessive and/or unequal pressure on the

pipe and to avoid disturbance of the pipe and joints.

Trenches and excavations shall be backfilled as soon as practical after the utility lines have been

properly installed.  The engineered backfill soils should be placed as described in this report.

5.2. Utility Installation Recommendations – Directional Drilling Method

As mentioned in the previous section, we anticipate the soil at the majority of the pipe invert

elevations will consist of stiff to hard clay and/or very loose to loose sands. Based on the test

borings, the soils at the proposed invert elevation should generally provide adequate support for

the proposed utility lines, provided the soils are free of unsuitable soils and stable at the time of

construction.

Based on an evaluation of the data collected during the course of this exploration, directional

drilling methods should be satisfactory, where necessary.  Special care should be taken to

ensure the stability of the unprotected face at the cutting edge. Hard cohesive soils may pose

significant resistance during directional drilling and may require advance excavation or drilling

ahead of the cutting shield.  Methods such as breasting may be required to prevent running

ground within granular soils.  Lubrication may be necessary around the utility pipe to minimize

the frictional resistance associated with directional drilling through granular soils.

The presence of cobbles and boulders would not be unusual within the glacial depositional

environment of the project site.  Exploratory drill augers, such as those used during

performance of this geotechnical exploration, may displace cobbles and boulders, which may

prevent advancement of other types of drilling equipment.  The directional drilling contractor

should be prepared for these occurrences.
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The near-surface granular soils are not anticipated to be stable under open cut excavation.

Therefore, entrance and exit pits may require shoring, bracing or sheeting.

5.3. Utility Excavations

In general, all excavations should be safely sheeted, shored, sloped or braced in accordance

with MIOSHA guidelines.  Construction traffic, stockpiles of soil and construction materials

should be kept away from the edges of the excavations a lateral distance at least 1.5 times the

depth of the excavation.

Utility excavations are generally expected to consist of open-cut methods.  In this regard, the

utility trench sidewalls should be adequately braced or sloped back to prevent sloughing and

caving.  In any case, appropriate measures will be required to maintain the stability of

excavation sidewalls.  The required measures will depend on the depth and width of

excavations, groundwater conditions, and adjacent features at specific locations.  The

excavation support system for utilities could consist of internally braced sheeting, timber

lagging, sliding trench shields, or similar suitable measures.  If material is stored or equipment

is operated near an excavation, stronger shoring must be used to resist the extra pressure due

to the superimposed loads.

The angle of the excavation side slopes should be decided based on the soil type and

unconfined compressive strength of the excavated soil per MIOSHA requirements.  For

excavations greater than 5 feet and less than 20 feet in depth, MIOSHA has different sloping

requirements for a variety of soil types.  The table presented below provides a summary of the

requirements for informational purposes only.  Prior to designing or constructing a stable and

safe excavation, the contractor must refer to MIOSHA standards.
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Table 2. Maximum Allowable Angle of Repose for the Side of an Excavation

Soil Type
Maximum Allowable

Excavation Side Slope
Maximum
Angle of
Repose

(Degrees)Horizontal Vertical

Clay with minimum unconfined compressive
strength of 2.5 tsf 1 2 63

Clay with minimum unconfined compressive
strength of 1.5 tsf 2 3 56

Clay with minimum unconfined compressive
strength of 1.0 tsf;
Dry granular soils;
Dry sand and clay mixtures

1 1 45

Granular soil with wet clay or silt seams;
Clay with a minimum unconfined
compressive strength of 1.0 tsf that contains
running sand seams

1½ 1 34

Saturated granular soil;
Clay with an unconfined compressive
strength less than 1.0 tsf

2 1 26

Running/sloughing soil
(clay or very loose to loose sand) 3 1 18

The contractor is solely responsible for designing and constructing stable and safe temporary

excavations and should shore, slope or bench the sides of the excavations as required to

maintain stability of both the excavation sides and bottom.  The contractor should be aware that

slope height, slope inclination and excavation depth should not exceed the specified local, state

and federal regulations.

5.4. Storm Water Improvement Considerations

CTI understands that storm water controls designed to divert a portion of the storm water runoff

from the existing storm water system and incorporate some measure of below-grade storage or

infiltration are desired.  To aid in design of such features, CTI performed permeability testing on

selected samples from the deeper soil borings.  The permeability tests approximated the in-situ

relative density and moisture conditions found in the moist sand layers.  No permeability tests

were performed on saturated sand.  The hydraulic conductivity rates presented below will give

an indication of the time that it will take for water to move through the existing sand layers at

the in-situ moisture content. Since no additional water storage capacity is available in
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saturated soils, any planned storm water controls should be placed within moist, unsaturated

granular soils.

Table 3. Hydraulic Conductivity Rates for Moist Granular Soils

Boring
Number

Depth of
Tested Sample

(ft)
Sample Description

Hydraulic
Conductivity
K (cm/sec)

FF-02 3 – 5 SAND (SP-SM) – brown, fine to medium,
some silt, trace gravel, medium dense *7.64 x 10-4

FFSB-01 15.5 – 18.5 SAND (SM) – brown, fine, with silt, trace
of gravel and clay, medium dense 4.38 x 10-4

FFSB-02 15 – 17 SAND (SM) – brown, fine, with silt, very
loose 3.20 x 10-4

FFSB-03 13 – 16 SAND (SP-SC) – brown, fine, some clay,
trace gravel, very loose 1.38 x 10-2

FFSB-06 8 – 12 SAND (SP-SM) – brown, fine, some silt,
traces of gravel and clay, loose *7.02 x 10-4

RWFF-03 10 - 13 SAND (SM) – brown, fine, with silt, trace
gravel, very loose 1.13 x 10-2

* The samples from FF-02 and FFSB-06 were compacted to a slightly higher density in the lab than the in-situ
density.  Therefore, the in-situ hydraulic conductivity rates at these two locations are anticipated to be slightly greater
than the test results indicate. We estimate that the in-situ hydraulic conductivity rates within FF-02 and FFSB-06 at
the noted depths are on the order of 10-3 cm/sec.

In February 2015, CTI was informed that an infiltration trench/detention bed is planned from

approximately STA 88+00 to STA 104+00 (W. Stadium from Hutchins to west of Main Street)

and STA 113+00 to 119+00 (E. Stadium near the AAGOC).  The infiltration trench may be up to

11 feet wide and up to 16 feet deep.  CTI understands that MDOT 4AA coarse aggregate will

be placed in the bottom 6 feet of the trench, with the remaining upper portion of the trench

being backfilled with other materials.  We recommend placing a woven geotextile fabric

between the MDOT 4AA coarse aggregate and the remaining backfill material so that the upper

backfill material does not migrate into the coarse aggregate.  The woven geotextile should be

selected based on the compatibility between the geotextile’s apparent opening size and the

backfill placed above it, and the hydraulic requirements of the project.  We recommend a Mirafi

FW-series woven geotextile be considered for this application.
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5.5. Subgrade Preparation

At the start of earthwork operations, all existing pavement and any other deleterious materials

should be removed in their entirety from the proposed pavement and utility areas. The

presence and thickness of uncontrolled fill and/or unsuitable soils will vary across the project

limits.  The depth of unsuitable soil to be removed should be determined by CTI at the time of

stripping and rough grading.  A CTI representative should also be on-site during the subgrade

preparation operations to determine the suitability of the subgrade for utility, pavement and/or

engineered fill support.

Based on the results of the soil borings, uncontrolled fill materials containing varying amounts

of organics are present at approximately half of the explored boring locations.  The fill extended

to depths of about 3 to 6 feet below the pavement surface.  The tested samples of fill material

contained 2.1 percent to 5.4 percent organics.  Below the fill at two locations (FFSB-02 and

FFSB-06), apparently native clay containing 2.5 percent to 4.6 percent organics was

encountered to depths of 6½ to 7¼ feet below the existing pavement surface.  The fill and

organic-containing native soils are not considered suitable for direct support of pavement

sections and utilities.  Where encountered, we recommend that the existing fill and organic-

containing native soils be completely removed from below the proposed utilities and pavement

and replaced with engineered fill.

The subgrade soils should be evaluated and prepared during construction as follows. After

rough grade has been achieved in cut areas and prior to fill placement in fill areas, the exposed

subgrade should be thoroughly proofrolled or proof-compacted.  Proofrolling of the pavement

subgrade soils should be performed after the completion of utility installation, with a heavily

loaded front-end loader, tandem-axle dump truck or other suitable rubber-tired vehicles. Proof-

compaction of the utility subgrade soils should be performed with static compaction equipment.

The purpose of proofrolling/proof-compacting operations is to locate areas of excessively loose,

soft or weak subgrade soils which may be present at the time of construction.    Soils that are

observed to rut or deflect excessively during proofrolling/proof-compacting should be removed

or stabilized by conventional methods such as disking, drying and re-compacting.
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If it is not feasible to dry and re-compact the unsuitable subgrade soils due to unfavorable

weather conditions, scheduling, etc., it may be necessary to remove such soils and replace

them with engineered fill.  The thickness of the undercut will depend on the severity of the

unstable soils encountered at specific locations. If significant subgrade instability is observed, a

layer of crushed aggregate may be necessary to stabilize the subgrade before placement of the

selected engineered fill material.  The use of a woven geotextile below the crushed aggregate

layer could also be considered to provide additional subgrade stability.

5.6. Engineered Fill Placement

After subgrade preparation and observation have been completed, any fill placement required to

bring the site to the design subgrade level (i.e. the bottom of the proposed aggregate base

course) may begin. Any fill placed below the proposed pavement areas should be an approved

material that is free of topsoil, organics, frozen soil or any other unsuitable material. In general,

the encountered free-draining granular soils that are free of organics are suitable for re-use as

engineered fill. Since any fill and utility backfill placed will be within the influence of the

roadways, such fill will need to meet MDOT Class II specifications which allow a maximum of 7

percent fines, per City of Ann Arbor Standard Specifications. At a minimum, CTI recommends

that the pipe bedding material and backfill material placed to a minimum of 2 feet over the utility

consist of MDOT Class II.

The existing soils encountered in the test borings contained varying amounts of fines (i.e., silt

or clay) and was of varying gradation. If the City of Ann Arbor waives the requirement for using

MDOT Class II material as backfill and allows the use of on-site excavated material as backfill,

close placement control will be required.  CTI recommends that the placement of engineered fill

be constantly monitored and frequently tested.

If soils containing greater than 12 percent fines are used as fill, close moisture content control will

be required to achieve the recommended degree of compaction. Any fill materials encountered

at locations other than the boring locations can be further evaluated during site preparation to

determine if some of the soils can be reused as engineered fill.

The engineered fill should be placed in uniform horizontal layers not exceeding 8 to 12 inches

in loose thickness for clean granular soils and 4 to 6 inches in loose thickness for clay soils (or
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clayey granular soils exhibiting cohesive characteristics), depending on the type and size of

compaction equipment used.  The lift thickness for sands that have an appreciable amount of

fines should be decreased accordingly.  The engineered fill should be compacted to achieve a

density of not less than 95 percent of the maximum dry density as determined by the Modified

Proctor Compaction Test (ASTM D1557).  Also, the upper 12 inches of the subgrade soils

should be compacted, prior to any fill placement, to achieve a density of not less than 95

percent of the maximum dry density as determined by the Modified Proctor test.  The as-

compacted moisture content of the engineered fill should be within 2 to 3 percent of the

optimum moisture content for the soil.  The placement and testing of engineered fill should be

observed and properly documented in the field by CTI.

We recommend that the contract specifications include provisions for moisture conditioning of

any on-site soils that are to be used as engineered fill.  Some of the natural soils may require

moisture conditioning to allow for proper compaction.  The success of aeration and drying of

clay soils will be dependent on the time of year, the prevailing weather conditions and the

contractor’s effort.  During cold and/or wet periods of the year, the saturated or disturbed clay

soils will be more difficult to dry.  In this case, the contractor may have to use drier on-site soils

or imported sand.

If site grading or other construction activity is planned during cold weather, it is recommended

that proper winter construction practices are followed.  All snow and ice should be removed

from cut and fill areas prior to grading.  Frozen materials should not be used as engineered fill

and no fill or pavement should be placed on soils that are frozen or contain frozen material.

5.7. Support of Pavement

The subgrade soils for support of the pavement sections should be prepared in accordance

with the methods presented in Section 5.5 of this report.  As discussed previously, we

recommend the subgrade be subjected to a comprehensive proofrolling and evaluation

program to determine the overall suitability at the time of construction.  The areas requiring

subgrade improvement should be determined in the field by CTI by proper inspection and

evaluation at the time of construction.  Provisions should be established in the construction

documents for this purpose.
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The long-term performance of the pavement will typically be a function of the quality of the

subgrade soil at the time of construction along with the quality, thickness and strength of the

overall pavement section.  The most critical portion of the subgrade is the 3 feet immediately

beneath the pavement section, which provides the primary strength needed for pavement

section support.  Uncontrolled fill materials present within the upper 2 to 3 feet of the pavement

subgrade can be detrimental if the design does not account for this substandard soil condition,

especially during the spring freeze-thaw cycles.

As mentioned previously, uncontrolled fill materials containing varying amounts of organics

were encountered at approximately half of the explored boring locations.  The fill extended to

depths of about 3 to 6 feet below the pavement surface. CTI recommends that where organic-

containing soils are encountered within the critical subgrade zone (the upper 3 feet of subgrade

immediately below the bottom of the aggregate base layer), the existing fill and organic-

containing native soils be completely removed and replaced with engineered fill. The City of

Ann Arbor may elect to leave any fill/organic soils in place below the critical subgrade zone,

provided a minimum of 3 feet of engineered fill is present above the remaining unsuitable soils.

If the unsuitable soils are left in place, the City should understand that there is an increased risk

of settlement associated with that choice.

5.8. Pavement Recommendations - Roadways

Our analysis is based on the 1993 American Association of State Highway and Transportation

Officials (AASHTO) Guide for Design of Pavement Structures. At the time of this investigation,

no information was available regarding the proposed top of pavement elevation for the five

explored roadways.  We anticipate that the top of pavement elevations may be at or slightly

above the existing pavement grades.

NCI provided CTI with traffic count data collected by URS Corporation.  The traffic count data

was obtained for both travel directions on East Stadium Boulevard, West Stadium Boulevard,

South Main Street and Seventh Street at Stadium Boulevard.  The final traffic count data,

presenting the Average Daily Traffic (ADT) and percent commercial vehicles was provided to

CTI on April 1, 2015 and is presented in Table 4.
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Table 4.  Traffic Count Summary

Roadway Segment 2014 ADT 2034 ADT %
Commercial

W. Stadium Boulevard (Seventh to Main) 17,529 18,438 3.4

E. Stadium Boulevard (Main to Kipke) 21,072 21,199 1.8

Main Street at Stadium Boulevard 21,962 23,087 2.6

Seventh Street at Stadium Boulevard 6,284 6,606 2.4

Additional traffic count information, from which the traffic counts presented above were derived,

was provided to CTI on April 30, 2015.  The additional information presented the recorded

traffic counts for each FHWA vehicle classification during the monitoring period.  The design

growth rate for East Stadium Boulevard was 0.482%.  For all other roadways, the design

growth rate was approximately 0.253%. Main Street and Stadium Boulevard both have two

travel lanes in each direction. Seventh Street (north of Stadium Boulevard) has one travel lane

in each direction.  We have assumed that 80 percent of trucks travel in the design lanes on

Stadium and Main, and that 100 percent of trucks travel in the design lane on Seventh Street.

Based on these assumptions, the provided traffic count data, and a 20-year design period, the

Equivalent 18-kip Single Axle Loads (ESALs) were calculated in accordance with AASHTO and

FHWA methodology. The ESAL calculation sheet is provided in the Appendix for reference.

Table 5. Calculated 2034 Equivalent 18-kip Single Axle Loads
Roadway Segment ESALs

W. Stadium Boulevard (Seventh to Main) 2,493,092

E. Stadium Boulevard (Main to Kipke) 1,699,936

Main Street at Stadium Boulevard 2,682,172

Seventh Street at Stadium Boulevard 1,237,253
Stadium Boulevard and Main Street
Intersection 5,175,264**

Stadium Boulevard and Seventh Street
Intersection 3,730,345**

** ESALs at the intersections reflect the addition of the calculated ESALs from the referenced roadway segments
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Complete traffic count information was not provided for the explored residential roadways

(Potter Avenue, Prescott Avenue and Edgewood Avenue). A traffic count for southbound

Edgewood at Stadium was provided, but the total vehicular traffic counted in a 24-hour period

was 170.  Since there are several streets that intersect Edgewood between Stadium and

Potter, we anticipate that the traffic counts may have been higher both in the northbound

direction and at other locations along Edgewood. We have conservatively estimated an ESAL

of 200,000 for use in our pavement design. The total ESALs used for design purposes for the

intersection of Seventh Street and Potter Avenue was 1,437,253.

Design parameters were provided to CTI by City of Ann Arbor based on their design standards.

The design parameters used for our pavement analysis include a terminal serviceability of 2.5,

an initial serviceability of 4.5, reliability (R) of 95%. A standard deviation (So) of 0.45 was used

for flexible pavement and a So of 0.34 was used for rigid pavement, in accordance with City of

Ann Arbor Standard Specifications. Should any of these assumptions be found incorrect, CTI

should be contacted and requested to re-evaluate the pavement design recommendations

based on the revised data.

The back-calculated subgrade resilient modulus, (Mr) values for each of the explored roadways

and the modulus of subgrade reaction, (k) for Stadium Boulevard determined by the FWD

testing is summarized in Table 6. The effective resilient modulus used in our design is based

on the encountered soils and the back-calculated Mr, and takes into account the effects of

subgrade weakening during the spring thaw. Since soil borings and FWD testing on Seventh

Street was not included in our scope of services, the values presented for Seventh Street are

assumed and should be confirmed as the design proceeds. Using the design criteria listed

above, a minimum Structural Number (SN) was determined for each roadway, using

SpectraPave4 PRO software version 4.6.1, which is based on the 1993 AASHTO Guide for

Design of Pavement Structures. See the Appendix for the SpectraPave4 PRO output files.
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Table 6. Resilient Moduli, Modulus of Subgrade Reaction and
Minimum Structural Number

Roadway

Range of
Back-

Calculated
Resilient

Modulus, Mr
(psi)

Design
Effective
Resilient

Modulus, Mr
(psi)

Range of
Modulus of
Subgrade
reaction, k

(pci)

Design
Modulus of
Subgrade
reaction, k

(pci)

Minimum
Structural
Number,

SN

West Stadium
Boulevard 4,250 – 9,850 6,000 110 - 185 130 4.55

East Stadium
Boulevard 4,250 – 9,850 6,000 110 - 185 130 4.31

Stadium and
Main

Intersection
N/A 6,000 N/A 130 **

S. Main Street 5,800 – 9,450 7,000 N/A 140 **
Stadium and

Seventh
Intersection

N/A 6,000 N/A 130 4.81

Seventh
Street N/A 4,000 N/A N/A 4.58

Seventh and
Potter

Intersection
N/A 4,000 N/A N/A 4.68

Potter Avenue 2,050 – 3,650 2,600 N/A N/A 4.11
Prescott
Avenue 1,600 – 2,500 2,250 N/A N/A 4.11

Edgewood
Avenue 2,000 – 2,100 2,050 N/A N/A 4.11

**Main Street and the Stadium Boulevard/Main Street intersection will be constructed as a rigid pavement section. Therefore, a
structural number for flexible pavement design was not calculated.

Due to the relatively weak subgrade encountered at the borings performed along Prescott,

Potter and Edgewood Avenue, some measure of subgrade improvement should be anticipated

prior to pavement construction.

We have formulated our flexible pavement design recommendations with the assumption that

the roadways will remain partially open during construction and, as such, “staged” construction

is planned. We anticipate that the leveling course of the pavement section may be used as a

construction platform.  Therefore, the pavement design accounts for the additional loading of
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construction traffic and has been increased by a minimum of 0.5 inches to reflect the damage

which could occur during construction. If distress is caused by construction traffic, it should be

repaired prior to placement of the wearing course.

Based on the minimum structural numbers and the assumption that construction will be staged,

we offer the proposed flexible pavement sections:

Table 7. Flexible Pavement Section – West Stadium Boulevard (Seventh to Main)

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 5E3 or 4C 2.0 0.44 0.88

HMA
Leveling MDOT 4E3 or 3C 3.0 0.44 1.32

HMA Base MDOT 3E3 or 2C 3.0 0.36 1.08
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT 2NS 7.0 0.10 0.49

Total SN = 4.55 = 4.55

Table 8. Flexible Pavement Section – East Stadium Boulevard (Main to Kipke)

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 5E3 or 4C 2.0 0.44 0.88

HMA
Leveling MDOT 4E3 or 3C 2.5 0.44 1.10

HMA Base MDOT 3E3 or 2C 3.0 0.36 1.08
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT 2NS 7.0 0.10 0.49

Total SN = 4.33 > 4.31
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Table 9. Flexible Pavement Section – Stadium Boulevard and Seventh Street
Intersection

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 5E3 or 4C 2.0 0.44 0.88

HMA
Leveling MDOT 4E3 or 3C 3.0 0.44 1.32

HMA Base MDOT 3E3 or 2C 3.5 0.36 1.26
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT 2NS 9.0 0.10 0.63

Total SN = 4.87 > 4.81

Table 10. Flexible Pavement Section – Seventh Street

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 5E3 or 4C 2.0 0.44 0.88

HMA
Leveling MDOT 4E3 or 3C 2.5 0.44 1.10

HMA Base MDOT 3E3 or 2C 3.5 0.36 1.26
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT Class II 8.0 0.10 0.56

Total SN = 4.58 = 4.58
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Table 11. Flexible Pavement Section – Seventh and Potter Intersection

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 5E3 or 4C 2.0 0.44 0.88

HMA
Leveling MDOT 4E3 or 3C 3.0 0.44 1.32

HMA Base MDOT 3E3 or 2C 3.0 0.36 1.08
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT Class II 9.0 0.10 0.63

Total SN = 4.69 > 4.68

Table 12. Flexible Pavement Section – Potter Avenue, Prescott Avenue, Edgewood
Avenue

Layer Material Thickness
(inches)

Structural
Layer

Coefficient
Structural

Number (SN)

HMA
Surface MDOT 13A or 5E3 2.0 0.44 0.88

HMA
Leveling MDOT 13A or 4E3 2.0 0.44 0.88

HMA Base MDOT 3E3 or 2C 3.0 0.36 1.08
Aggregate
Base

MDOT 21AA crushed
limestone 8.0 0.14 0.78

Sand
Subbase MDOT Class II 8.0 0.10 0.56

Total SN = 4.18 > 4.11

If staged construction is not planned for the project, the design thickness of the asphalt leveling

course may be decreased by 0.5 inches.

The aggregate base and sand subbase layers should be placed in uniform horizontal layers not

exceeding 8 inches in loose thickness. Where the design aggregate base and/or sand subbase

layers exceed 8 inches, the materials must be placed in two lifts.  The sand subbase should be

compacted to achieve a density of not less than 95 percent of the maximum dry density as

determined by the Modified Proctor Compaction Test (ASTM D1557). The aggregate base
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should be compacted to achieve a density of not less than 98 percent of the maximum dry

density as determined by the Modified Proctor Compaction Test.

Other pavement design sections, from those presented herein, which provide equivalent

structural capacity can also be considered.  Crushed concrete, recycled asphalt millings or

MDOT 22A should not be substituted for the recommended aggregate base material without at

least a 25 percent increase of the thickness of the aggregate base to account for the structural

differences of the materials.

As an alternate to a flexible pavement design, a rigid pavement design has been determined

utilizing the “AASHTO Guide for Rigid Pavement Design.” We have assumed Portland cement

concrete pavement would be used, with proper joint spacing. We understand that the use of

Plain concrete, instead of reinforced concrete, for the rigid pavement design is desired. Design

parameters used in the pavement design include an effective modulus of subgrade reaction of

130 psi per inch and 140 psi per inch for Stadium Boulevard and Main Street, respectively, a

load transfer coefficient of 3.2 (typical for doweled plain concrete pavement), and the 18-kip

ESALs noted in Table 4 for the concrete pavement.

For the anticipated soil conditions and loads, we have calculated a minimum required concrete

pavement thickness for Stadium Boulevard and Main Street, and the intersection of Stadium

Boulevard and Main Street. The 1993 AASHTO Rigid Pavement Structural Design calculator

presented by Pavement Interactive was used to determine the minimum concrete thickness. See

the Appendix for the output file information. If a rigid pavement section is selected, we

recommend the following pavement sections:

Table 13. Plain Concrete Rigid Pavement Section – West Stadium Boulevard
Pavement Material Section Thickness (inches)

Type I Portland Cement Concrete
(MDOT Grade P-1)

10.0

Aggregate Base Course
(MDOT 21AA)

6.0

Sand Subbase
(MDOT 2NS)

12.0
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Table 14. Plain Concrete Rigid Pavement Section – East Stadium Boulevard
Pavement Material Section Thickness (inches)

Type I Portland Cement Concrete
(MDOT Grade P-1)

10.0

Aggregate Base Course
(MDOT 21AA)

6.0

Sand Subbase
(MDOT 2NS)

12.0

Table 15. Plain Concrete Rigid Pavement Section – Main Street
Pavement Material Section Thickness (inches)

Type I Portland Cement Concrete
(MDOT Grade P-1)

10.0

Aggregate Base Course
(MDOT 21AA)

6.0

Sand Subbase
(MDOT 2NS)

12.0

Table 16. Plain Concrete Rigid Pavement Section – Stadium Boulevard and Main Street
Intersection

Pavement Material Section Thickness (inches)

Type I Portland Cement Concrete
(MDOT Grade P-1)

11.0

Aggregate Base Course
(MDOT 21AA)

6.0

Sand Subbase
(MDOT 2NS)

12.0

Concrete design parameters include a 28-day mean modulus of rupture of 670 psi and a 28-

day mean elastic modulus of slab of approximately 3,600,000 psi. The concrete mix design

should consist of a minimum 6-sack, normal weight concrete with a minimum 28-day compressive

strength of 4,000 psi when tested in accordance with ASTM C39. The concrete should contain an
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air entrainment mixture to resist the effects of freezing and thawing.  The pavement should be

suitably doweled at construction joints to permit the proper transfer of loads.  The design of joints,

joint spacing, doweling and steel/wire mesh reinforcement (if included in the design) was not

included in our scope of services, but should conform to the applicable City of Ann Arbor,

Washtenaw County or MDOT requirements.

During a meeting on April 27, 2015 between City of Ann Arbor, NCI and CTI, potential reuse of the

existing aggregate base and sand subbase materials during the reconstruction of Main Street was

discussed.  The existing pavement section was constructed approximately 20 to 23 years ago,

and the City has detailed records of material placement during construction.  The pavement

sections used on Main Street to the north and south of Stadium Boulevard consisted of 6 inches of

asphalt with 8 to 9 inches of MDOT 21AA aggregate base course and 10 to 12 inches of MDOT

2NS sand subbase, respectively.

Since the majority of the structural support from the rigid pavement section comes from the

concrete slab thickness, a reduction of the sand subbase thickness was also discussed.  In order

to maintain the integrity of the aggregate base course, CTI recommends that the existing

pavement and aggregate base course materials be removed at the start of construction. We do

not recommend reusing the aggregate base course materials, due to anticipated degradation of

the aggregate base course materials over the design life of the pavement.   Once the existing

aggregate base course has been removed, the existing sand subbase materials should be

observed for signs of clogging or intrusion of subgrade soils. As long as the remaining MDOT

2NS sand subbase layer is found in an acceptable condition and consists of a minimum of 6

inches, the City of Ann Arbor will accept reusing the existing sand subbase in lieu of replacing it

with new materials. A sand subbase layer of at least 6 inches in thickness should provide an

acceptable level of drainage for the rigid pavement section.

At the time of this report, both flexible and rigid pavements were being considered.  If rigid

pavement is used at intersections and flexible pavement is used for the remaining roadway

alignment, we recommend that the rigid pavement be extended further than the limits of the

intersection.  This extension of the rigid pavement will aid in avoiding pavement creep due to traffic

stopping at the intersections.
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The pavement system should be properly drained to reduce the potential for weakening the

subgrade.  Provisions should be made to prevent surface run-off water from accumulating

within the aggregate base course of the pavement.  The pavement and underlying subgrade

should be suitably crowned or sloped to promote effective surface drainage and prevent water

ponding. Due to the relatively low permeability of the near-surface soils encountered at this

site, finger drains should be installed at all catch basin locations to provide drainage for surface

water that may become trapped in the pavement aggregate base section. If a rigid pavement

design is utilized, edge drains should be installed in order to limit water infiltration into the

aggregate base course. The use of a geotextile separator layer may be necessary between the

aggregate base course layer and the underlying subgrade soils.  If a separator layer is not

installed, there is a potential for migration of fines into the aggregate base course, which could limit

the permeability of and result in water becoming trapped in the aggregate base course.

It should be recognized that all pavements require regular maintenance and occasional repairs

to keep them in a serviceable condition. Sealing of joints and cracks should be performed at

least annually as needed, to prevent water from entering the pavement section.  If water is

allowed to penetrate the pavement section, it can lead to deterioration of the pavement during

freeze-thaw cycles.  The need for such routine maintenance and repair is not necessarily

indicative of premature pavement failure.  However, if appropriate maintenance and repairs are

not performed regularly, the serviceable life of the pavement can be reduced significantly.

Actual pavement section thickness should be provided by the design civil engineer based on

the selected subgrade preparation method, traffic loads and volume and the owners design life

requirements.  All pavement materials and procedures should conform to standard MDOT or

appropriate local municipal agency requirements.

5.9. Pavement Recommendations – Pedestrian Path

An 8-foot wide pedestrian path is planned along the south side of East Stadium Boulevard,

from S. Main Street to the University of Michigan Golf Course.  While no soil borings were

performed within the proposed pedestrian path, CTI recommends the following minimum

pavement sections based on the soils encountered near the proposed pedestrian path and our

understanding of City of Ann Arbor design standards.
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Table 17. Flexible Pavement Section – Pedestrian Path
Pavement Material Section Thickness (inches)

HMA (MDOT 13A) 3.0

Aggregate Base Course
(MDOT 21AA)

6.0

Table 18. Rigid Pavement Section – Pedestrian Path
Pavement Material Section Thickness (inches)

Type I Portland Cement Concrete
(MDOT Grade S-2)

4.0

Aggregate Base Course
(MDOT Class II)

4.0

5.10. Retaining Wall Recommendations

As part of the extension of the pedestrian path from Main Street to the U-M Golf Course, two

retaining walls are planned along the south edge of E. Stadium Boulevard. The soil to be

retained is south of the existing roadway and proposed pedestrian path. The existing land use

is a golf course. Therefore, a surcharge load at the top of the proposed retaining walls is not

anticipated. One retaining structure will be located at the southeast corner of Main Street and

Stadium Boulevard, near the tee box at the Ann Arbor Golf and Outing Club (AAGOC), and the

other will be located further east toward the entrance drive to AAGOC. The existing retaining

wall is comprised of stacked paving stones with wall heights ranging from about 2 to 6 feet.

CTI performed three soil borings in the vicinity of the proposed retaining walls (RWFF-01

through RWFF-03).  In addition, we reviewed previous soil boring information provided to CTI

by the City of Ann Arbor, performed by PSI (PSI Project No. 381-65050 dated January 31,

2007).  Based on review of PSI’s borings RW-1 through RW-4 and CTI’s borings RWFF-01

through RWFF-02, the encountered soils consisted predominantly of stiff to hard clay.  At the

location of RWFF-03, the encountered soils consisted of medium dense sand to a depth of
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about 5 feet, underlain by loose to very loose sand to a depth of 14 feet, followed by medium

dense sands to the explored depth of 25 feet.

The following soil parameters and recommended design earth pressure coefficients may be

used for evaluating the retaining wall design.  These parameters are based on the soils

encountered in borings RWFF-01 through RWFF-03 and PSI’s borings RW-1 through RW-4.

Table 19. Retaining Wall Design Soil Parameters and Earth Pressure Coefficients

Material Moist
unit

weight
of soil,


(pcf)

Friction
angle, Ф
(degrees)

Coefficient
of active

earth
pressure,

Ka

Coefficient
of passive

earth
pressure,

Kp

Coefficient
of at-rest

earth
pressure,

Ko

Undrained
shear

strength,
Su

(psf)

Very stiff to

hard clay, 0’ to

10’

138 10 0.70 1.42 0.83 4,000

Stiff to very stiff

clay, 10’ to 30’
130 12 0.66 1.52 0.79 1,500

Medium dense

sand, 0’ to 5’
120 30 0.33 3.00 0.50 N/A

Very loose to

loose sand, 5’

to 14’

105 28 0.36 2.76 0.53 N/A

Medium dense

sand, 14’ to 25’
120 30 0.33 3.00 0.50 N/A

The development of an “active” or “passive” condition requires that the wall is flexible and the

deflection would allow “active” and “passive” conditions to develop.  No passive resistance

should be considered for the soils above the frost line.  A movement of approximately 0.001

times the height of the wall is generally required to develop the active state for granular soils.



 
 
 
 
 

 

 

42

The movement required to mobilize passive pressure is approximately 0.004 times the wall

height for granular soils. A movement of approximately 0.01 times the height of the wall is

generally required to develop the active state for cohesive soils.  The movement required to

mobilize passive pressure is approximately 0.04 times the wall height for cohesive soils.

Based on the soils encountered in the vicinity of the proposed retaining walls and due to the

relatively short height of the proposed retaining walls, several design options are available to

control installation cost. Viable design alternatives for the proposed retaining wall include:

 Stone gravity wall, similar to existing wall

 Precast concrete block gravity wall

 Gabion wall

 Sheet pile wall

 Soldier pile wall

We understand that a soldier pile wall with precast concrete panels is preferred.  We further

understand that a sheet pile wall may also be considered during the removal of the existing

retaining wall.  Mechanically Stabilized Earth (MSE) retention systems and retaining walls with

tie-backs or anchors are not being considered due to limited right-of-way and the proximity to

the edge of the existing AAGOC course. A gravity retaining wall consisting of either natural

stone, stone gabions, or precast concrete blocks may be an economical alternative to the

preferred design given the favorable soil conditions. Precast concrete blocks in particular offer

an aesthetic appearance that can complement nearby buildings. Based on the soils

encountered in the vicinity of the proposed retaining walls, gravity walls should be at least 18

inches wide and embedded at least 18 inches below the toe of the wall.

Based on the encountered soils, we have the following recommendations for a sheet pile wall

and a soldier pile wall with precast concrete panels.  We recommend a minimum embedment

depth of 9 feet below the top of the proposed pedestrian path be used for sheet piles, and a

minimum embedment depth of 12 feet be used for soldier piles. Design embedment depths
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should be extended to greater depths if utility excavations will be performed near the retaining

walls.  The embedment depth may need to be extended below the excavation depth,

depending on the lateral distance between the excavation and the retaining wall.

For a soldier pile wall, steel H-piles should have a minimum size of HP8x36 and have a

maximum spacing of 5 feet.  For a sheet pile wall, cold formed steel sheet piling should meet

the minimum requirements of SKL9 or hot rolled steel sheet puling should meet the minimum

requirements of PZ22.  Specifications for steel sheet piles and steel H-piles produced by

Skyline Steel Corporation are included in the Appendix.

Positive drainage of the soils behind the wall should be provided to relieve a build-up of

hydrostatic pressure.  For sheet pile walls, this may be accomplished through the installation of

weep holes.  For the remaining wall types, clean, free-draining granular backfill with a positive

drainage system should be installed.

The backfill materials should be placed in appropriate lift thicknesses for the equipment being

used and compacted to 95 percent of the Modified Proctor maximum dry density according to

ASTM D1557.  We recommend that the backfill directly behind the walls consist of MDOT Class

II or MDOT 2NS and be compacted with light, hand-held compactors.  Heavy compactors and

grading equipment should not be allowed to operate within 10 feet of the walls during backfilling

to avoid developing excessive temporary or long-term lateral soil pressures.

We recommend a positive drainage system be installed behind the wall at the wall foundation

level (gravity walls) or at the level of the pedestrian path sand subbase layer. A typical drain

would consist of a minimum 4-inch diameter perforated pipe surrounded by drainage aggregate.

The aggregate surrounding the perforated pipe should be a clean, highly permeable, open graded

material.  A non-woven filter fabric (non-woven geotextile) should envelop the aggregate and

perforated pipe to reduce the risk of loss of fine soil particles into the drainage system.
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6.0 GENERAL CONSTRUCTION PROCEDURES / RECOMMENDATIONS

6.1. General

Experience indicates that variations in soil conditions are encountered during construction.  In

order to permit correlation between the soil boring data and the actual soil conditions

encountered during construction, it is recommended that a continuous inspection and review of

the soil related phases of construction work be carried out.  We recommend the site preparation

activities, engineered fill placement and construction be observed by a qualified engineering

technician.  The technician should perform the appropriate type and number of field tests

needed to verify compliance with construction specifications and that the subgrade material is

suitable.

The silty sand and clay soils encountered at the boring locations could be potentially

troublesome for some earthwork operations, depending on the prevailing moisture content.

These soils have relatively poor drainage characteristics and are susceptible to ponding,

subsequent softening and pumping due to construction traffic.  During a wet season or periods

of heavy precipitation, the subgrade soils with high moisture contents may become unstable

and provide limited support for some rubber-tired construction equipment.  If pumping of the

subgrade occurs due to construction traffic, an evaluation of the site and construction

procedures should be made by a geotechnical engineer.

6.2. Groundwater Control

Based on the observed groundwater conditions in the test borings, some groundwater seepage

could be encountered within general excavations throughout the project due to pockets of

perched groundwater accumulations trapped within or above the clay soils. Proper

groundwater control measures should be maintained during all earthwork activities in order to

limit the disturbance of the subgrade soils.

For relatively shallow excavations, it appears that minor perched groundwater accumulations

should be controllable by conventional pumping methods from standard sump pits extending

into the native clay soils.
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For deeper excavations, such as utility installations, a more significant dewatering effort may be

required.  An evaluation of the need for these dewatering efforts should be made once the

design progresses.

The most appropriate method of groundwater control will depend on many factors including the

actual design grades, locations/depths of excavations and the specific soil conditions. Any

groundwater related problems should be evaluated in the field by a qualified geotechnical

engineer so that the best remedial measures can be determined.
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Boring Location Plan
(Sheets 1 through 14)
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Boring Logs
(FF-01, FF-02, FFSB-01 through FFSB-06, RWFF-01 through RWFF-03, and SB-01 through SB-29)



SS
1

SS
2

SS
3

SS
4

SS
5

SS
6

SS
7

SS
8

56

89

100

89

83

89

72

6

3-5-8
(13)

3-3-2
(5)

3-3-7
(10)

3-8-11
(19)

4-9-11
(20)

5-8-10
(18)

5-12-15
(27)

15-25-27
(52)

4.0

4.5+

4.5+

4.5+

1.0

11

20

14

13

15

17

3 inches of ASPHALT PAVEMENT
4 inches of CONCRETE PAVEMENT
11 inches of SAND and GRAVEL FILL (Aggregate Base)
SANDY CLAY FILL - (CL-FILL) - mottled dark brown and dark
gray, with silt, some gravel, trace organics, occasional sand
seams, moist
CLAY FILL - (CL-FILL) - dark brown, with silt, some organics,
traces of sand and gravel, moist
Loss-on-Ignition (organic content) = 3.4%
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional wet sand and silt partings, hard, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
wet sand seams and silt partings, hard to stiff, moist

SAND (SP-SM) - brown to gray, fine to medium, some silt, trace
gravel, wet

CLAY (CL) - gray, with silt, traces of sand and gravel, occasional
cobbles, moist

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 111+00, 25' L of
CL

LOGGED BY D. Kent

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 878.9 ft  +/-

COLLAPSE DEPTH 23' 6"

DURING DRILLING 13'
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BORING NUMBER FF-01

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-5-5
(10)

5-9-11
(20)

5-8-10
(18)

7-10-12
(22)

9-13-14
(27)

14-17-18
(35)

3-7-12
(19)

4-8-15
(23)

1.5 14

5

7 inches of ASPHALT PAVEMENT
11 inches of GRAVEL FILL

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, stiff, moist

SAND (SP-SM) - brown, fine to medium, some silt, trace gravel,
medium dense, moist

SILTY SAND (SM) - brown, fine, traces of gravel and clay,
medium dense to dense, moist to wet

**Becomes wet

SAND (SP-SM) - brown, fine to medium, some silt, medium
dense, wet

SAND (SP-SM) - gray, fine to medium, some silt, medium dense,
wet

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 117+12, 30' L of
CL

LOGGED BY D. Kent

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 9' 7"

GROUND ELEVATION 860 ft  +/-

COLLAPSE DEPTH 12' 5"

DURING DRILLING 8' 6"
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BORING NUMBER FF-02

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-5-5
(10)

3-3-7
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2-3-4
(7)

4-7-11
(18)

3-4-6
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3-6-8
(14)

8-12-14
(26)

7-9-11
(20)

3.25

2.0

4.0

6940

2.0

3.5
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17

15

14

16

17

8

8

7 inches of ASPHALT PAVEMENT
5 inches of CONCRETE PAVEMENT
6 inches of SANDY GRAVEL FILL
CLAY FILL (CL-FILL) - mottled brown and dark brown; with silt;
traces of sand, gravel and organics; occasional sand partings;
moist
CLAY (CL) - brown to mottled brown and gray, with silt, traces of
sand and gravel, occasional wet sand seams, very stiff, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
silt seams, very stiff, moist

CLAY (CL) - gray, with silt, traces of sand and gravel, very stiff,
moist

SANDY CLAY (CL) - gray, with silt, traces of gravel, very stiff,
moist

SAND (SM) - brown, fine, with silt, traces of clay and gravel,
medium dense, moist

SILTY SAND (SM) - brown, fine, traces of clay and gravel,
medium dense, wet
SANDY CLAY (CL) - gray, with silt, traces of gravel, very stiff,
moist

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 90+65, 5' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 8'

GROUND ELEVATION 909.35 ft  +/-

COLLAPSE DEPTH 21' 6"

DURING DRILLING 6' 6"
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BORING NUMBER FFSB-01

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-3-5
(8)

2-2-2
(4)

2-3-5
(8)

2-3-4
(7)

3-5-7
(12)

2-1-2
(3)

2-1-1
(2)

2-3-5
(8)

1.25

3.0

3.0

1.5

13

17

18

18

23

12

9

11

6 inches of ASPHALT PAVEMENT
6 inches of CONCRETE PAVEMENT
SILTY SAND (SM-POSSIBLE FILL) - brown, fine, some clay, trace
gravel, loose, moist

CLAY (CL-OL) - dark brown, with sand and silt, trace organics,
moist
Loss-on-Ignition (organic content) = 2.5%
CLAY (CL) - brown, with silt, traces of sand and gravel, stiff to very
stiff, moist

SAND (SM) - brown, fine, with silt, very loose, moist

SAND (SC) - brown, fine to medium, with clay, trace gravel, very
loose, moist

CLAY (CL) - brown to gray, with silt, some sand, trace gravel, stiff,
moist
** color change to gray

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 93+81, 3' L of CL

LOGGED BY D. Kent

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 900.56 ft  +/-

COLLAPSE DEPTH 22' 10"

DURING DRILLING None
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BORING NUMBER FFSB-02

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-2-3
(5)

2-3-5
(8)

2-4-5
(9)

4-5-8
(13)

2-2-1
(3)

1-1-3
(4)

5-7-9
(16)

7-9-13
(22)

2.75

4.25

4.5+

16

23

27

18

6

10

6

6 inches of ASPHALT PAVEMENT
4 inches of CONCRETE PAVEMENT
5 inches of SANDY GRAVEL FILL- brown
SANDY CLAY FILL (CL- FILL) - dark brown, with silt, traces of
gravel and organics, moist
Loss-on-Ignition (organic content) = 2.2%
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, very stiff to hard, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
silt partings, hard, moist

SAND (SP-SC) - brown, fine, some clay, trace gravel, very loose,
moist

SILTY SAND (SM) - brown, fine, occasional silt and clay lenses,
medium dense, moist

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 96+69, 5' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 897.41 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER FFSB-03

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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4-5-6
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3-3-4
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3-7-10
(17)

3-6-7
(13)

2-3-5
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3-3-6
(9)

3-5-8
(13)
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4.5+

1.5

1.5

1.5
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15

13
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6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
SANDY CLAY (CL) - reddish-brown, with silt, trace gravel, very
stiff, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
very moist sand partings, stiff to hard, moist

SAND (SP-SM) - brown, fine to medium, some silt, trace gravel,
moist
CLAY (CL) - gray, with silt, some sand, trace gravel, hard, moist

CLAY (CL) - gray, with silt, traces of sand and gravel, stiff, moist

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 99+72, 3' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 896.57 ft  +/-

COLLAPSE DEPTH 22' 7"

DURING DRILLING None
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BORING NUMBER FFSB-04

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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6-8-8
(16)

3-4-6
(10)

3-6-7
(13)

3-5-6
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2-4-6
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3-4-6
(10)

3-3-6
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2.0

2.0
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6 inches of ASPHALT PAVEMENT
6 inches of CONCRETE PAVEMENT
CLAYEY SAND FILL (SC-FILL) - dark brown, fine to medium,
traces of gravel and organics, moist
Loss-on-Ignition (organic content) = 2.1%
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, very stiff to hard, moist

SAND (SP-SM) - brown, fine to medium, some silt, trace gravel,
medium dense, wet

CLAY (CL) - gray, with silt, traces of sand and gravel, stiff, moist

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 102+75, 2' L of CL

LOGGED BY D. Kent

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 14' 1"

GROUND ELEVATION 894.49 ft  +/-

COLLAPSE DEPTH 14' 6"

DURING DRILLING 8'
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BORING NUMBER FFSB-05

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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(6)

1-2-2
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3.25

14
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3
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6 inches of ASPHALT PAVEMENT
SANDY CLAY FILL - (CL-FILL) - brown to dark brown, with silt,
traces of gravel and organics, moist

CLAY (CL-OL) - dark brown, with silt, some organics, trace sand,
medium stiff, moist
Loss-on-Ignition (organic content) = 4.6%

SAND (SP-SM) - brown, fine, some silt, traces of gravel and clay,
loose to very loose, moist

SAND (SP-SM) - brown, fine, some silt, traces of gravel and clay,
loose, wet
CLAY (CL) - gray, with silt, traces of sand and gravel, very stiff,
moist
SAND (SC) - gray, fine, with clay, medium dense, wet

Bottom of borehole at 25.0 feet.

Boring performed on Edgewood Avenue - 84' N of Snyder Avenue
CL, 11' W of Edgewood CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/14/14 COMPLETED 11/14/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 22'

GROUND ELEVATION 893.33 ft  +/-

COLLAPSE DEPTH 22' 6"

DURING DRILLING 23'

D
E

P
T

H
(f

t)

0

5

10

15

20

25

G
R

A
P

H
IC

LO
G

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

 FINES CONTENT (%) 
20 40 60 80

B
LO

W
C

O
U

N
T

S
(N

 V
A

LU
E

)

P
O

C
K

E
T

 P
E

N
. (

ts
f)

U
N

C
. S

T
R

E
N

G
T

H
 (

ps
f)

N
A

T
U

R
A

L 
M

O
IS

T
U

R
E

C
O

N
T

E
N

T
 (

%
)

 SPT N VALUE 
15 30 45 60

10 20 30 40

PL LLMC
MATERIAL DESCRIPTION

PAGE  1  OF  1
BORING NUMBER FFSB-06

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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6 inches of ASPHALT PAVEMENT
7 inches of CONCRETE PAVEMENT
CLAY FILL (CL-FILL) - dark brown, with silt, traces of sand and
gravel, moist
CLAY (CL- FILL) - grayish-brown, with silt, traces of sand and
gravel, moist
Loss-on-Ignition (organic content) = 3.2%
CLAY (CL) - gray, with silt, traces of sand and gravel, very stiff to
stiff, moist

Bottom of borehole at 30.0 feet.

Boring performed on Stadium Boulevard - STA 106+60, 10' R of
CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 887.9 ft  +/-

COLLAPSE DEPTH 23'

DURING DRILLING None
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BORING NUMBER RWFF-01

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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4 inches of ASPHALT PAVEMENT
7 inches of CONCRETE PAVEMENT
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, hard, moist

CLAY (CL) - gray, with silt, traces of sand and gravel, stiff to very
stiff, moist

Bottom of borehole at 30.0 feet.

Boring performed on Stadium Boulevard - STA 108+66, 10' R of
CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 884.36 ft  +/-

COLLAPSE DEPTH 23'

DURING DRILLING None
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BORING NUMBER RWFF-02

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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6-9-10
(19)

9-6-8
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4-3-4
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(14)
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(11)
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(24)

6
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4 inches of ASPHALT PAVEMENT
7 inches of CONCRETE PAVEMENT
SAND (SM) - brown, fine to coarse, with silt, some gravel, medium
dense to loose, moist

SAND (SM) - brown, fine, with silt, trace gravel, loose to very
loose, moist

SAND (SP-SM) - brown, fine, some silt, trace gravel, medium
dense, moist

SAND (SM) - brown, fine to coarse, with silt, some gravel, medium
dense, wet

Bottom of borehole at 25.0 feet.

Boring performed on Stadium Boulevard - STA 113+52, 10' R of
CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 22'

GROUND ELEVATION 871.29 ft  +/-

COLLAPSE DEPTH 23'

DURING DRILLING 19'
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BORING NUMBER RWFF-03

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

5-7-7
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5-7-9
(16)

4.0

4.5+

15
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3 inches of ASPHALT PAVEMENT
8 inches of CONCRETE PAVEMENT
CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
silt partings, hard, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, hard,
moist

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 89+68, 3' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 913.41 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-01

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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16
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6 inches of ASPHALT PAVEMENT
8 inches of CONCRETE PAVEMENT
CLAY FILL (CL-FILL) - mottled brown, dark brown and dark gray;
with silt; traces of sand, gravel and organics; moist
Loss-on-Ignition (organic content) = 3.8%
SANDY CLAY (CL-POSSIBLE FILL) - dark brown, with silt, traces
of gravel and organics, occasional hair roots, medium stiff, moist
Loss-on-Ignition (organic content) = 2.3%

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 91+65, 5' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 906.04 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None

D
E

P
T

H
(f

t)

0

5

G
R

A
P

H
IC

LO
G

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

 FINES CONTENT (%) 
20 40 60 80

B
LO

W
C

O
U

N
T

S
(N

 V
A

LU
E

)

P
O

C
K

E
T

 P
E

N
. (

ts
f)

U
N

C
. S

T
R

E
N

G
T

H
 (

ps
f)

N
A

T
U

R
A

L 
M

O
IS

T
U

R
E

C
O

N
T

E
N

T
 (

%
)

 SPT N VALUE 
15 30 45 60

10 20 30 40

PL LLMC
MATERIAL DESCRIPTION

PAGE  1  OF  1
BORING NUMBER SB-02

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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6 inches of ASPHALT PAVEMENT
8 inches of CONCRETE PAVEMENT
10 inches of SAND and GRAVEL FILL - gray
SAND FILL (SM-FILL) - brown, with silt, moist
CLAY FILL (CL-FILL) - mottled brown, dark brown and dark gray;
with silt; traces of sand, gravel and organics; moist

CLAY (CL) - brown, with silt, traces of sand and gravel, very stiff,
moist

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 92+53, 21' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 903.11 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-03

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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4 inches of ASPHALT PAVEMENT
9 inches of CONCRETE PAVEMENT
SANDY CLAY FILL (CL-FILL) - mottled brown, dark brown and
dark gray; with silt; traces of gravel and organics; moist
Loss-on-Ignition (organic content) = 2.9%
CLAY (CL-POSSIBLE FILL) - brown, with silt, some sand, traces
of gravel, medium stiff, very moist

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 94+68, 15' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 898.5 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-04

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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19

3 inches of ASPHALT PAVEMENT
12 inches of CONCRETE PAVEMENT
12 inches of SAND and GRAVEL FILL

SAND (SP-SC) - brown, fine, some clay, trace gravel, loose, very
moist
CLAYEY SAND (SC) - gray, fine, trace gravel, occasional clay
seams and peat lenses, very loose, wet

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 95+67, 21' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 898.2 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING 3' 6"
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BORING NUMBER SB-05

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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15
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4 inches of ASPHALT PAVEMENT
6 inches of CONCRETE PAVEMENT
CLAY (CL) - brown, with silt, traces of sand and gravel, hard,
moist

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 97+68, 5' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 897.21 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-06

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-4-6
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3-8-11
(19)

2.5
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12

14

3 inches of ASPHALT PAVEMENT
9 inches of CONCRETE PAVEMENT
CLAY (CL) - brown to mottled brown and gray, with silt, traces of
sand and gravel, very stiff to hard, moist

** becomes mottled brown and gray

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 98+68, 15' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 896.61 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-07

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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5-4-6
(10)

5-3-2
(5)

3 inches of ASPHALT PAVEMENT
8" of CONCRETE PAVEMENT
SILTY SAND (SM-FILL) - grayish-brown, fine, trace gravel,
occasional clay lenses, medium dense, very moist

SILTY SAND (SM) - brown, fine, trace gravel, loose, wet
Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 100+64, 20' L of
CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING 3' 8"

GROUND ELEVATION 896.05 ft  +/-

COLLAPSE DEPTH 3' 8"

DURING DRILLING 4' 6"
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BORING NUMBER SB-08

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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7 inches of ASPHALT PAVEMENT
8 inches of CONCRETE PAVEMENT
CLAY (CL) - brown, with silt, traces of sand and gravel, very stiff to
hard, moist

CLAYEY SAND (SC) - brown, fine to medium, trace gravel, loose,
very moist

Bottom of borehole at 5.0 feet.

Boring performed on Stadium Boulevard - STA 101+65, 7' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/13/14 COMPLETED 11/13/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 895.66 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-09

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.



HA
1

HA
2

100

100

6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
SILTY SAND (SM) - brown, fine, trace gravel, moist

SAND (SP-SM) - brown, fine to medium, some silt, traces of
gravel, very moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 543+15, 15' L of CL

LOGGED BY R. Rajan

DRILLING METHOD Hand Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 890.85 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-10

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.



SS
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83

94

12-12-9
(21)

4-4-7
(11)

3.5 14

6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
SAND (SP-SM) - brown, fine to medium, some silt, trace gravel,
medium dense, moist

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, very stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 544+18, 13' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 890.77 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-11

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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89

56

15-7-5
(12)

5-5-7
(12)

4.5+ 15

6 inches of ASPHALT PAVEMENT
12 inches of SAND and GRAVEL FILL

SAND (SP-SM) - brown, fine, some silt, trace gravel, medium
dense, moist

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, hard, moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 545+50, at CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 886.58 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-12

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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78

78

16-17-12
(29)

3-5-8
(13)

4.5+ 15

6 inches of ASPHALT PAVEMENT
SAND (SP-SM) - brown, fine, some silt, trace gravel, medium
dense, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, hard,
moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 546+17, 12' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 883.43 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-13

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

67

14-17-12
(29)

3-3-4
(7)

2.5 16

6 inches of ASPHALT PAVEMENT
SAND (SP-SM) - brown, fine to medium, some silt, trace gravel,
medium dense, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, very stiff,
moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 541+34, 24' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 887.17 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-14

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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78

14-21-20
(41)

7-10-10
(20)

8 inches of ASPHALT PAVEMENT
SAND (SP-SM) - brown, fine, some silt, trace gravel, dense to
medium dense, moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 540+95, 12' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 886.07 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-15

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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89

11-12-12
(24)

5-4-3
(7)

14

6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
SAND FILL (SM-FILL) - brown, fine, with silt, trace gravel, moist

CLAY FILL (CL-FILL) - mottled brown and dark brown; with silt;
traces of sand, gravel and organics; occasional pieces of glass;
moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 539+92, 8' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 882.69 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-16

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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18-21-19
(40)

14-15-32
(47)

8 inches of ASPHALT PAVEMENT
10 inches of SAND and GRAVEL FILL

SAND FILL (SP-SM-FILL) - brown, fine to medium, some silt,
trace gravel, moist

SILTY SAND FILL (SM-FILL) - dark brown, fine, some gravel,
occasional clay seams, moist
CLAY (CL) - gray, with silt, traces of sand and gravel, moist

Bottom of borehole at 5.0 feet.

Boring performed on S. Main Street - STA 539+04, 23' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 881.05 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-17

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-5-7
(12)

6-9-15
(24)

3.25

4.5+

13

13

6 inches of ASPHALT PAVEMENT
12 inches of SAND and GRAVEL FILL

CLAY (CL) - brown, with silt, traces of sand and gravel, occasional
silt partings, very stiff to hard, moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 303+81, 8' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 911.14 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-18

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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5-3-4
(7)

3-3-3
(6)

1.0

22

20

5 inches of ASPHALT PAVEMENT
7 inches of SAND and GRAVEL FILL
CLAY FILL (CL-FILL) - dark brown, with silt, traces of sand and
organics, moist
Loss-on-Ignition (organic content) = 3.9%
CLAY (CL) - mottled brown and gray, with silt, some sand, trace
gravel, medium stiff, very moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 305+70, 8' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 911.69 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-19

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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(7)

3-3-4
(7)

1.5

16

19

6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
CLAY FILL (CL-FILL) - mottled dark brown and dark gray, with silt,
some organics, traces of sand, moist

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 307+62, 5' R of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 912.38 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-20

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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5-4-7
(11)

2-3-7
(10)

4.0

2.25

18

18

6 inches of ASPHALT PAVEMENT
18 inches of SAND and GRAVEL FILL

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, very stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 309+60, 9' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 916.08 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-21

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-5-7
(12)

5-8-12
(20)

4.25

4.5+

16

13

5 inches of ASPHALT PAVEMENT
7 inches of SAND and GRAVEL FILL
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, hard, moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 311+18, 7' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 919.28 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None
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BORING NUMBER SB-22

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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72

3-5-7
(12)

7-11-15
(26)

3.0

4.5+

14

13

6 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, very stiff to hard, moist

Bottom of borehole at 5.0 feet.

Boring performed on Potter Avenue - STA 312+58, 8' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/12/14 COMPLETED 11/12/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 918.43 ft  +/-

COLLAPSE DEPTH None

DURING DRILLING None

D
E

P
T

H
(f

t)

0

5

G
R

A
P

H
IC

LO
G

S
A

M
P

LE
 T

Y
P

E
N

U
M

B
E

R

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

 FINES CONTENT (%) 
20 40 60 80

B
LO

W
C

O
U

N
T

S
(N

 V
A

LU
E

)

P
O

C
K

E
T

 P
E

N
. (

ts
f)

U
N

C
. S

T
R

E
N

G
T

H
 (

ps
f)

N
A

T
U

R
A

L 
M

O
IS

T
U

R
E

C
O

N
T

E
N

T
 (

%
)

 SPT N VALUE 
15 30 45 60

10 20 30 40

PL LLMC
MATERIAL DESCRIPTION

PAGE  1  OF  1
BORING NUMBER SB-23

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

3-4-5
(9)

3-5-6
(11)

2.0

3.0

11

12

4 inches of ASPHALT PAVEMENT
4 inches of GRAVEL FILL
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional silt partings, very stiff, moist

CLAY (CL) - brown, with silt, some sand, trace gravel, occasional
very moist sand partings, very stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on Prescott Avenue - STA 200+92, 7' L of CL

LOGGED BY D. Kent

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 909.82 ft  +/-

COLLAPSE DEPTH 4' 1"

DURING DRILLING None
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BORING NUMBER SB-24

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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2-2-4
(6)

2-3-5
(8)

2.0 17

4 inches of ASPHALT PAVEMENT
6 inches of SAND and GRAVEL FILL
CLAY (CL) - reddish-brown, with silt, trace sand, very stiff, moist

SILTY SAND (SM) - brown, fine, some gravel, loose, moist

Bottom of borehole at 5.0 feet.

Boring performed on Prescott Avenue - STA 202+65, 3' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/10/14 COMPLETED 11/10/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 904.78 ft  +/-

COLLAPSE DEPTH 3' 8"

DURING DRILLING None
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BORING NUMBER SB-25

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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3-2-4
(6)

2-2-4
(6)

12

24

5 inches of ASPHALT PAVEMENT
7 inches of SAND and GRAVEL FILL
SANDY CLAY FILL (CL-FILL) - brown, with silt, trace gravel,
frequent sand partings, moist

CLAY FILL (CL-FILL) - dark brown, with silt, some organics, trace
sand, moist
Loss-on-Ignition (organic content) = 5.4%

Bottom of borehole at 5.0 feet.

Boring performed on Prescott Avenue - STA 204+41, 5' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 896.62 ft  +/-

COLLAPSE DEPTH 4' 8"

DURING DRILLING None
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BORING NUMBER SB-26

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

3-5-4
(9)

2-7-13
(20)

4.5+ 15

5 inches of ASPHALT PAVEMENT
SILTY SAND FILL (SM-FILL) - dark brown, fine, some gravel,
trace organics, moist

CLAY (CL) - brown, with silt, traces of sand and gravel, hard,
moist

Bottom of borehole at 5.0 feet.

Boring performed on Prescott Avenue - STA 206+55, 5' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 903.59 ft  +/-

COLLAPSE DEPTH 3' 4"

DURING DRILLING None
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BORING NUMBER SB-27

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

3-2-3
(5)

2-2-4
(6)

1.5

20

18

4 inches of ASPHALT PAVEMENT
14 inches of SAND and GRAVEL FILL

CLAY FILL (CL-FILL) - dark brown, with silt, traces of sand and
organics, moist
Loss-on-Ignition (organic content) = 4.0%
CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, occasional sand partings, stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on Prescott Avenue - STA 208+52, 8' L of CL

LOGGED BY R. Rajan

DRILLING METHOD 2-1/4 inch Solid Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/11/14 COMPLETED 11/11/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 913.32 ft  +/-

COLLAPSE DEPTH 4' 6"

DURING DRILLING None
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BORING NUMBER SB-28

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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100

4-6-4
(10)

4-6-7
(13)

3.0 15

6 inches of ASPHALT PAVEMENT
SAND FILL (SP-SM-FILL) - mottled brown and dark brown, fine to
medium, some gravel, occasional pieces of asphalt, moist

CLAY (CL) - mottled brown and gray, with silt, traces of sand and
gravel, very stiff, moist

Bottom of borehole at 5.0 feet.

Boring performed on Edgewood Avenue - 250' N of Snyder
Avenue CL, 8' E of Edgewood CL

LOGGED BY R. Rajan

DRILLING METHOD 3-1/4 inch Hollow Stem Auger

DRILLING CONTRACTOR Brax Drilling GROUND WATER LEVELS:

CHECKED BY T. Marsik

DATE STARTED 11/14/14 COMPLETED 11/14/14

NOTES Boring backfilled with auger cuttings and patched

AFTER DRILLING None

GROUND ELEVATION 905.71 ft  +/-

COLLAPSE DEPTH 4' 6"

DURING DRILLING None
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BORING NUMBER SB-29

CLIENT Northwest Consultants, Inc.
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PROJECT NAME Stadium Boulevard Reconstruction
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Summary of Laboratory Results
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FFSB-01

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

tmarsik
Typewritten text
Unconfined Compressive Strength = 6,937 psf @ 15% strain

tmarsik
Typewritten text
CLAY (CL) - brown, with silt, traces of sand andgravel, occasional silt seams
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BOREHOLE DEPTH

5.0

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan
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Typewritten text
Unconfined Compressive Strength = 6,895 psf @ 15% strain
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PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

tmarsik
Typewritten text
Unconfined Compressive Strength = 10,831 psf @ 15% strain

tmarsik
Typewritten text
CLAY (CL) - mottled brown and gray, with silt,traces of sand and gravel
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GRAIN SIZE DISTRIBUTION
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GRAVEL
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Classification
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coarse
SILT OR CLAY
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trace gravel
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FF-02 0.2063 - 5

FF-02              3 - 5

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



Project Name Sample Number FF-02
Project Number 3' - 5'
Tested By 12/18/2014
Sample Description

460.6 1.2%
8.6% 0.0%

Permeant Tap Water
Diameter (D), cm 11.40 Speciman Area (A), cm2 102.07 5.2
Length (L), cm 11.40 Area of Burette (a), cm2 0.17 110.1
Length to Bottom, L1 19.90 Weight Before, W1 3400.6 2.65
Length to Top, L2 2.50 Weight After, W2 103.6 0.5017
Net Length, L (cm) 17.40 Weight Net, grams 3297.0

h1, cm h2, cm
1 182.5 82.5 100.0 60.00 7.90E-04 7.53E-04
2 182.5 82.5 100.0 60.00 8.12E-04 7.75E-04
3 182.5 82.5 100.0 60.00 7.90E-04 7.53E-04
4 182.5 82.5 100.0 60.00 7.90E-04 7.53E-04
5 182.5 82.5 100.0 60.00 8.12E-04 7.75E-04
6 182.5 82.5 100.0 60.00 8.12E-04 7.75E-04

7.64E-04

NOTE:

35.0
36.0
36.022.0

Temperature of Water
(T) oC

22.0
22.0
22.0
22.0
22.0

Corrected K
@ 20oC
(cm/sec)

FALLING HEAD PERMEABILITY OF GRANULAR MATERIALS

Volume of Water (V)
cm3

35.0
36.0
35.0

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

Dry Density (pcf)
Specific Gravity (assumed)

Sample overcompacted in lab. In-situ dry density was approximately 105 pcf.  Therefore, in-situ conditions may have a higher permeability rate

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve

Stadium Boulevard Reconstruction
3142040052
DRC

Sample Depth
Test Date

Total weight of sample for sieve analysis, grams

AVERAGE K20

SAND (SP-SM) - brown, fine to medium, some silt, trace gravel

% of Total sample retained on 2.00-mm (No.10) sieve

Void Ratio, e

Moisture Content (%)

Calculated
K (cm/sec)

Manometers Test
Duration
(t) sec

Test Number
Difference in

Head (delta h)
cm

YESNO

YESNO

Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050
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PI Cc CuLL PL

GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

FFSB-01 0.16

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

BOREHOLE DEPTH

301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 40

9.5 0.091 0.1 79.8 20.1

3 10024 166 601.5 8 143/4 3/8
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BOREHOLE DEPTH

SAND (SM) - brown, fine, with silt, traces of clay and

gravel

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

CTI and Associates, Inc.

FFSB-01         15.5 -
                       18.5

15.5 - 18.5

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



Project Name Sample Number FFSB-01
Project Number 15.5' - 18.5'
Tested By 12/18/2014
Sample Description

577.7 0.0%
0.3% 0.0%

Permeant Tap Water
Diameter (D), cm 11.40 Speciman Area (A), cm2 102.07 14.1
Length (L), cm 11.40 Area of Burette (a), cm2 0.17 110.7
Length to Bottom, L1 19.90 Weight Before, W1 3825.5 2.65
Length to Top, L2 2.07 Weight After, W2 140.1 0.4931
Net Length, L (cm) 17.83 Weight Net, grams 3685.4

h1, cm h2, cm
1 182.5 82.5 100.0 60.00 4.39E-04 4.27E-04
2 182.5 82.5 100.0 60.00 4.62E-04 4.50E-04
3 182.5 82.5 100.0 60.00 4.39E-04 4.27E-04
4 182.5 82.5 100.0 60.00 4.62E-04 4.50E-04
5 182.5 82.5 100.0 60.00 4.62E-04 4.50E-04
6 182.5 82.5 100.0 60.00 4.39E-04 4.27E-04

4.38E-04

NOTE:

SAND (SM) - brown, fine, with silt, traces of clay and gravel

20.0
20.0
19.021.2

Temperature of Water
(T) oC

21.2
21.2
21.2
21.2
21.2

Corrected K
@ 20oC
(cm/sec)

FALLING HEAD PERMEABILITY OF GRANULAR MATERIALS

Volume of Water (V)
cm3

19.0
20.0
19.0

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

Dry Density (pcf)
Specific Gravity (assumed)

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve

Stadium Boulevard Reconstruction
3142040052
DRC

Sample Depth
Test Date

Total weight of sample for sieve analysis, grams

AVERAGE K20

% of Total sample retained on 2.00-mm (No.10) sieve

Void Ratio, e

Moisture Content (%)

Calculated
K (cm/sec)

Manometers Test
Duration
(t) sec

Test Number
Difference in

Head (delta h)
cm

YESNO

YESNO

Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050
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PI Cc CuLL PL

GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

FFSB-02 0.191

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

BOREHOLE DEPTH

301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 40

4.75 0.111 0.0 81.6 18.4

3 10024 166 601.5 8 143/4 3/8
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BOREHOLE DEPTH

SAND (SM) - brown, fine, with silt

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

CTI and Associates, Inc.

FFSB-02       15 - 17

15 - 17

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



Project Name Sample Number FFSB-02
Project Number 15' - 17'
Tested By 12/18/2014
Sample Description

656.6 0.0%
0.1% 0.0%

Permeant Tap Water
Diameter (D), cm 11.40 Speciman Area (A), cm2 102.07 11.7
Length (L), cm 11.40 Area of Burette (a), cm2 0.17 95.2
Length to Bottom, L1 19.90 Weight Before, W1 3089.5 2.65
Length to Top, L2 2.29 Weight After, W2 25.7 0.7366
Net Length, L (cm) 17.61 Weight Net, grams 3063.8

h1, cm h2, cm
1 182.5 82.5 100.0 75.00 3.11E-04 3.02E-04
2 182.5 82.5 100.0 75.00 3.29E-04 3.20E-04
3 182.5 82.5 100.0 75.00 3.11E-04 3.02E-04
4 182.5 82.5 100.0 75.00 3.47E-04 3.38E-04
5 182.5 82.5 100.0 75.00 3.29E-04 3.20E-04
6 182.5 82.5 100.0 75.00 3.47E-04 3.38E-04

3.20E-04

NOTE:

SAND (SM) - brown, fine, with silt

19.0
18.0
19.021.2

Temperature of Water
(T) oC

21.2
21.2
21.2
21.2
21.2

Corrected K
@ 20oC
(cm/sec)

FALLING HEAD PERMEABILITY OF GRANULAR MATERIALS

Volume of Water (V)
cm3

17.0
18.0
17.0

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

Dry Density (pcf)
Specific Gravity (assumed)

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve

Stadium Boulevard Reconstruction
3142040052
DRC

Sample Depth
Test Date

Total weight of sample for sieve analysis, grams

AVERAGE K20

% of Total sample retained on 2.00-mm (No.10) sieve

Void Ratio, e

Moisture Content (%)

Calculated
K (cm/sec)

Manometers Test
Duration
(t) sec

Test Number
Difference in

Head (delta h)
cm

YESNO

YESNO

Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050
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PI Cc CuLL PL

GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

1.36 2.57

FFSB-03 0.226

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

BOREHOLE DEPTH

301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 40

9.5 0.165 0.088 0.1 93.3 6.6

3 10024 166 601.5 8 143/4 3/8
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BOREHOLE DEPTH

SAND (SP-SC) - brown, fine, some clay, trace gravel

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

CTI and Associates, Inc.

FFSB-03       13 - 16

13 - 16

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



CONSTANT HEAD PERMEABILITY OF GRANULAR MATERIALS

Project Name Sample Number FFSB-03
Project Number 13' - 16'
Tested By 12/18/2014
Sample Description

482.9 0.00%
0.10% 0.00%

Permeant Tap Water
Diameter (D), cm 11.40 Area (A), cm2 102.07 10.1
Length (L), cm 11.40 96.5
Height Before, H1 19.90 Weight Before, W1 3190.0 2.65
Height After, H2 2.15 Weight After, W2 105.0 0.7135
Net Height, cm 17.75 Weight Net, grams 3085.0

Top, cm Bottom, cm
81.5 81.0 0.5 6 90 22.0 0.001 0.04 1.49E-02 1.42E-02
81.5 81.0 0.5 6 90 22.0 0.001 0.04 1.49E-02 1.42E-02
81.1 80.1 1.0 11 90 22.0 0.001 0.09 1.37E-02 1.30E-02
81.1 80.1 1.0 11 90 22.0 0.001 0.09 1.37E-02 1.30E-02
80.9 79.4 1.5 18 90 22.0 0.002 0.13 1.49E-02 1.42E-02
80.9 79.4 1.5 18 90 22.0 0.002 0.13 1.49E-02 1.42E-02
80.5 78.5 2.0 22 90 22.0 0.002 0.18 1.37E-02 1.30E-02
80.5 78.5 2.0 22 90 22.0 0.002 0.18 1.37E-02 1.30E-02
80.1 77.6 2.5 31 90 22.0 0.003 0.22 1.54E-02 1.47E-02
80.1 77.6 2.5 31 90 22.0 0.003 0.22 1.54E-02 1.47E-02

1.38E-02
NOTE:

AVERAGE K

Corrected K
@ 20oC
(cm/sec)

Q/At

Moisture Content (%)

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve% of Total sample retained on 2.00-mm (No.10) sieve

4

5

Stadium Boulevard Reconstruction
3142040052
D. Cook

Sample Location
Test Date

Total weight of sample for sieve analysis, grams

SAND (SP-SC) - brown, fine, some clay, trace gravel

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

Dry Density (pcf)
Specific Gravity (assumed)
Void Ratio, e

Time (t)
sec.

Temp (T)
oC

h/L Calculated K
(cm/sec)

3

1

Manometers Flow (Q)
mLTest Number Head (h) cm

2

YESNO

YESNO

_________________________________________________________________________________________________________________________________
Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050
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PI Cc CuLL PL

GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

FFSB-06 0.221

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

BOREHOLE DEPTH

301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 40

9.5 0.151 0.2 85.8 14.0

3 10024 166 601.5 8 143/4 3/8
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BOREHOLE DEPTH

SAND (SP-SM) - brown, fine, some silt, traces of gravel

and clay

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

CTI and Associates, Inc.

FFSB-06         8 - 12

8 - 12

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



Project Name Sample Number FFSB-06
Project Number 8' - 12'
Tested By 12/18/2014
Sample Description

554.0 0.0%
0.5% 0.0%

Permeant Tap Water
Diameter (D), cm 11.40 Speciman Area (A), cm2 102.07 3.3
Length (L), cm 11.40 Area of Burette (a), cm2 0.17 107.4
Length to Bottom, L1 19.90 Weight Before, W1 3513.2 2.65
Length to Top, L2 2.38 Weight After, W2 334.2 0.5399
Net Length, L (cm) 17.52 Weight Net, grams 3179.0

h1, cm h2, cm
1 182.5 82.5 100.0 60.00 7.27E-04 7.02E-04
2 182.5 82.5 100.0 60.00 7.27E-04 7.02E-04
3 182.5 82.5 100.0 60.00 7.04E-04 6.80E-04
4 182.5 82.5 100.0 60.00 7.27E-04 7.02E-04
5 182.5 82.5 100.0 60.00 7.27E-04 7.02E-04
6 182.5 82.5 100.0 60.00 7.50E-04 7.24E-04

7.02E-04

NOTE:

SAND (SP-SM) - brown, fine, some silt, traces of gravel and clay

% of Total sample retained on 2.00-mm (No.10) sieve

Void Ratio, e

Moisture Content (%)

Calculated
K (cm/sec)

Manometers Test
Duration
(t) sec

Test Number
Difference in

Head (delta h)
cm

Sample overcompacted in lab. In-situ dry density was approximately 96 pcf.  Therefore, in-situ conditions may have a higher permeability rate

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve

Stadium Boulevard Reconstruction
3142040052
DRC

Sample Depth
Test Date

Total weight of sample for sieve analysis, grams

AVERAGE K20

Corrected K
@ 20oC
(cm/sec)

FALLING HEAD PERMEABILITY OF GRANULAR MATERIALS

Volume of Water (V)
cm3

32.0
32.0
31.0

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

Dry Density (pcf)
Specific Gravity (assumed)

32.0
32.0
33.021.5

Temperature of Water
(T) oC

21.5
21.5
21.5
21.5
21.5

YESNO

YESNO

Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050
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GRAIN SIZE DISTRIBUTION

COBBLES
GRAVEL

RWFF-03 0.216

SAND

GRAIN SIZE IN MILLIMETERS

coarse fine

Classification

D100 D60 D30 D10 %Gravel

coarse
SILT OR CLAY

finemedium

%Sand %Silt %Clay

BOREHOLE DEPTH

301 2006 10 501/2
HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

1403 4 20 40

12.5 0.141 1.9 84.4 13.7

3 10024 166 601.5 8 143/4 3/8
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BOREHOLE DEPTH

SAND (SM) - brown, fine, with silt, trace gravel

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

CTI and Associates, Inc.

RWFF-03       10 - 13

10 - 13

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan



CONSTANT HEAD PERMEABILITY OF GRANULAR MATERIALS

Project Name Sample Number RWFF-03
Project Number 10' - 13'
Tested By 12/18/2014
Sample Description

534.2 0.50%
4.40% 0.00%

Permeant Tap Water
Diameter (D), cm 11.40 Area (A), cm2 102.07 5.7
Length (L), cm 11.40 95.6
Height Before, H1 19.90 Weight Before, W1 3300.9 2.65
Height After, H2 2.05 Weight After, W2 352.0 0.7306
Net Height, cm 17.85 Weight Net, grams 2948.9

Top, cm Bottom, cm
70.5 70.0 0.5 4 90 21.8 0.000 0.04 9.93E-03 9.52E-03
70.5 70.0 0.5 4 90 21.8 0.000 0.04 9.93E-03 9.52E-03
70.4 69.4 1.0 9 90 21.8 0.001 0.09 1.12E-02 1.07E-02
70.4 69.4 1.0 9 90 21.8 0.001 0.09 1.12E-02 1.07E-02
70.2 68.7 1.5 15 90 21.8 0.002 0.13 1.24E-02 1.19E-02
70.2 68.7 1.5 15 90 21.8 0.002 0.13 1.24E-02 1.19E-02
70.1 68.1 2.0 19 90 21.8 0.002 0.18 1.18E-02 1.13E-02
70.1 68.1 2.0 19 90 21.8 0.002 0.18 1.18E-02 1.13E-02
70.0 67.5 2.5 27 90 21.8 0.003 0.22 1.34E-02 1.28E-02
70.0 67.5 2.5 27 90 21.8 0.003 0.22 1.34E-02 1.28E-02

1.13E-02
NOTE:

Calculated K
(cm/sec)

3

1

Manometers Flow (Q)
mLTest Number Head (h) cm

2

Dry Density (pcf)
Specific Gravity (assumed)
Void Ratio, e

Time (t)
sec.

Temp (T)
oC

h/L

Stadium Boulevard Reconstruction
3142040052
D. Cook

Sample Location
Test Date

Total weight of sample for sieve analysis, grams

SAND (SM) - brown, fine, with silt, trace gravel

Maximum Material Particle Size between 2.00-mm (No. 10) and 9.5-mm (3/8 in.)

Maximum Material Particle Size between 9.5-mm (3/8 in.) and 19.00-mm (3/4 in.)

AVERAGE K

Corrected K
@ 20oC
(cm/sec)

Q/At

Moisture Content (%)

% of Total sample retained on 9.5-mm (3/8 in.) sieve
% of Total sample retained on 19.00-mm (3/4 in.) sieve% of Total sample retained on 2.00-mm (No.10) sieve

4

5

YESNO

YESNO

_________________________________________________________________________________________________________________________________
Corporate Office: 51331 W. Pontiac Trail, Wixom, MI 48393 | phone: 248.486.5100 | fax: 248.486.5050



Dry
Density

(pcf)
DepthBorehole

SUMMARY OF LABORATORY RESULTS
PAGE  1  OF  3

Natural
Density

(pcf)

Hand
Penetrometer

(tsf)

Water
Content

(%)

Unc.
Compressive

Strength
(psf)

Classification %<#200
Sieve

Permeability
(cm/sec)

Loss-on-
Ignition (%)

Maximum
Size
(mm)

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.

FF-01 2.5 FILL 11

FF-01 5.0 FILL 3.4 20

FF-01 7.5 CL 14 4.0

FF-01 10.0 CL 13 4.5+

FF-01 12.5 CL 15 4.5+

FF-01 15.0 CL 17 4.5+

FF-02 2.5 CL 14 1.5

FF-02 5.0 SP-SM 12.5 11  7.64E-4 5 105.1

FFSB-01 2.5 FILL 17

FFSB-01 5.0 CL 15 3.25

FFSB-01 7.5 CL 14 2.0

FFSB-01 10.0 CL 16 134.6 116.0 4.0 6937

FFSB-01 12.5 CL 17 2.0

FFSB-01 15.0 CL 8 3.5

FFSB-01 18.5 SM 9.5 20  4.38E-4
FFSB-01 25.0 CL 8 2.5

FFSB-02 2.5 SM 13

FFSB-02 6.5 OL 2.5 17

FFSB-02 7.5 CL 18 1.25

FFSB-02 10.0 CL 18 3.0

FFSB-02 12.5 SM 23 3.0

FFSB-02 15.0 SM 4.75 18 3.20E-4 12 94.7

FFSB-02 20.0 CL 9

FFSB-02 25.0 CL 11 1.5

FFSB-03 2.5 FILL 2.2 16

FFSB-03 5.0 CL 23 2.75

FFSB-03 7.5 CL 27 4.25

FFSB-03 10.0 CL 18 4.5+

FFSB-03 12.5 SP-SC 6

FFSB-03 15.0 SP-SC 9.5 7 1.38E-2 10 95.2

FFSB-03 20.0 SM 6

FFSB-04 2.5 CL 14 2.5

FFSB-04 5.0 CL 15 1.5

FFSB-04 7.5 CL 13 4.5+

FFSB-04 10.0 CL 17 4.5+

FFSB-04 15.0 CL 15 1.5

FFSB-04 20.0 CL 13 1.5

FFSB-04 25.0 CL 14 1.5

FFSB-05 2.5 FILL 2.1 12

FFSB-05 5.0 CL 17 2.5

FFSB-05 7.5 CL 14 4.5+

FFSB-05 10.0 SP-SM 23

FFSB-05 12.5 CL 17 2.0

tmarsik
Typewritten text
110.6

tmarsik
Typewritten text
105.8

tmarsik
Typewritten text
104.8



SB-01 2.5 CL 15 4.0

SB-01 5.0 CL 12 4.5+

SB-02 2.5 FILL 3.8 16

SB-02 5.0 CL 2.3 16 0.5

SB-03 2.5 FILL 24

SB-03 5.0 CL 22 3.5

SB-04 2.5 FILL 2.9 6

SB-04 5.0 CL 17 0.5

SB-05 5.0 SC 19

SB-06 2.5 CL 15 4.5+

SB-06 5.0 CL 15 4.5+

SB-07 2.5 CL 12 2.5

SB-07 5.0 CL 14 4.5+

SB-09 2.5 CL 23 3.5

SB-09 5.0 CL 20

Dry
Density

(pcf)
DepthBorehole

SUMMARY OF LABORATORY RESULTS
PAGE  2  OF  3

Natural
Density

(pcf)

Hand
Penetrometer

(tsf)

Water
Content

(%)

Unc.
Compressive

Strength
(psf)

Classification %<#200
Sieve

Permeability
(cm/sec)

Loss-on-
Ignition (%)

Maximum
Size
(mm)

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.

FFSB-05 15.0 CL 15 2.0

FFSB-05 20.0 CL 18 2.0

FFSB-05 25.0 CL 16 1.5

FFSB-06 2.5 FILL 14

FFSB-06 5.0 OL 4.6 22

FFSB-06 10.0 SP-SM 9.5 14  7.02E-4 3 96.2

FFSB-06 24.5 CL 18 3.25

RWFF-01 2.5 FILL 18 4.0

RWFF-01 5.0 CL 14 137.1 119.9 4.0 6895

RWFF-01 7.5 CL 15 2.25

RWFF-01 10.0 CL 16 4.0

RWFF-01 12.5 CL 15 2.5

RWFF-01 15.0 CL 14 2.0

RWFF-01 20.0 CL 17 1.5

RWFF-01 25.0 CL 17 1.5

RWFF-01 30.0 CL 17 1.5

RWFF-02 2.5 CL 14 4.5+

RWFF-02 5.0 CL 14 138.0 120.2 4.5+ 10831

RWFF-02 7.5 CL 16 4.5+

RWFF-02 10.0 CL 15 4.5+

RWFF-02 12.5 CL 1.5

RWFF-02 15.0 CL 15 130.4 112.4 1.5 4048

RWFF-02 20.0 CL 16 1.75

RWFF-02 25.0 CL 18 1.75

RWFF-02 30.0 CL 17 2.0

RWFF-03 10.0 SM 12.5 14 1.13E-2 6 94.9

RWFF-03 20.0 SM 22

RWFF-03 25.0 SM 21

tmarsik
Typewritten text
100.3

tmarsik
Typewritten text
 99.4



SB-11 5.0 CL 14 3.5

SB-12 5.0 CL 15 4.5+

SB-13 5.0 CL 15 4.5+

SB-14 5.0 CL 16 2.5

SB-16 5.0 CL 14

SB-18 2.5 CL 13 3.25

SB-18 5.0 CL 13 4.5+

SB-19 2.5 FILL 3.9 22

SB-19 5.0 CL 20 1.0

SB-20 2.5 FILL 16

SB-20 5.0 CL 19 1.5

SB-21 2.5 CL 18 4.0

SB-21 5.0 CL 18 2.25

SB-22 2.5 CL 16 4.25

SB-22 5.0 CL 13 4.5+

SB-23 2.5 CL 14 3.0

SB-23 5.0 CL 13 4.5+

SB-24 2.5 CL 11 2.0

SB-24 5.0 CL 12 3.0

SB-25 2.5 CL 17 2.0

SB-26 2.5 FILL 12

SB-26 5.0 FILL 5.4 24

SB-27 5.0 CL 15 4.5+

SB-28 2.5 FILL 4.0 20

SB-28 5.0 CL 18 1.5

SB-29 5.0 CL 15 3.0

Dry
Density

(pcf)
DepthBorehole
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Natural
Density

(pcf)

Hand
Penetrometer

(tsf)

Water
Content

(%)

Unc.
Compressive

Strength
(psf)

Classification %<#200
Sieve

Permeability
(cm/sec)

Loss-on-
Ignition (%)

Maximum
Size
(mm)

CLIENT Northwest Consultants, Inc.

PROJECT NUMBER 3142040052

PROJECT NAME Stadium Boulevard Reconstruction

PROJECT LOCATION Ann Arbor, Michigan

CTI and Associates, Inc.
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SUMMARY OF ANALYTICAL TEST RESULTS FOR MICHIGAN 10 METALS
Stadium Boulevard Reconstruction

Ann Arbor, Michigan
CTI Project Number 3142040052

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 7200 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 95000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 480 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 20000 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 23000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 11000 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 250 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 61000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 3900 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 12000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 160 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 5100 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 8400 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 8600 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) U 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 25000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 5200 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 21000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 150 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 6100 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 15000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 7000 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 290 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 38000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

SB-08 - 4.5' Groundwater Protection Ambient Air (Y) (C)

Groundwater Protection Ambient Air (Y) (C)SB-01 - 2'

SB-05 - 4.5' Groundwater Protection Ambient Air (Y) (C)



SUMMARY OF ANALYTICAL TEST RESULTS FOR MICHIGAN 10 METALS
Stadium Boulevard Reconstruction

Ann Arbor, Michigan
CTI Project Number 3142040052

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 8800 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 18000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 280 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 7600 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 19000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 11000 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 230 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 59000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 2200 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 7700 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 180 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 3700 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 10000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 3300 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) U 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 32000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 3000 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 8500 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 91 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 2900 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 5700 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 2600 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) U 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 18000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

FF-02 - 12.5' Groundwater Protection Ambient Air (Y) (C)

SB-14 - 2' Groundwater Protection Ambient Air (Y) (C)

RWFF-01 - 2' Groundwater Protection Ambient Air (Y) (C)



SUMMARY OF ANALYTICAL TEST RESULTS FOR MICHIGAN 10 METALS
Stadium Boulevard Reconstruction

Ann Arbor, Michigan
CTI Project Number 3142040052

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 5800 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 28000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 330 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 5800 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 16000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 130000 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 220 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 76000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 4700 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 11000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 120 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 3900 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 8300 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 4500 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 210 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 26000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 2800 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 88000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 360 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 10000 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 11000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 10000 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 390 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 32000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

SB-19 - 2' Groundwater Protection Ambient Air (Y) (C)

SB-16 - 4' Groundwater Protection Ambient Air (Y) (C)

SB-10 - 5' Groundwater Protection Ambient Air (Y) (C)



SUMMARY OF ANALYTICAL TEST RESULTS FOR MICHIGAN 10 METALS
Stadium Boulevard Reconstruction

Ann Arbor, Michigan
CTI Project Number 3142040052

Indoor Air Contact Csat

Parameter
(Metals)

Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation
Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter Source

Thickness

Finite VSIC for
2 Meter Source

Thickness

Particulate Soil
Inhalation
Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Arsenic 5300 5,800 4,600 4,600 4,600 NLV NLV NLV NLV 9.10E+05 37,000 NA

Barium  (B) 72000 75,000 1.30E+06 1.30E+06   (G) NLV NLV NLV NLV 1.50E+08 1.30E+08 NA

Cadmium  (B) 300 1,200 6,000 6,000   (G,X) NLV NLV NLV NLV 2.20E+06 2.10E+06 NA

Chromium 16000 18,000 (total) 30,000 30,000 3,300 NLV NLV NLV NLV 2.40E+05 9.20E+06 NA

Copper  (B) 16000 32,000 5.80E+06 5.80E+06   (G) NLV NLV NLV NLV 5.90E+07 7.30E+07 NA

Lead  (B) 9300 21,000 7.00E+05 7.00E+05   (G,X) NLV NLV NLV NLV 4.40E+07 9.0E+5 (DD) NA

Mercury  (B,Z) U 130 1,700 1,700 50 (M); 1.2 89,000 62,000 62,000 62,000 8.80E+06 5.80E+05 NA

Selenium  (B) 260 410 4,000 4,000 400 NLV NLV NLV NLV 5.90E+07 9.60E+06 NA

Silver  (B) U 1,000 4,500 13,000 100 (M); 27 NLV NLV NLV NLV 2.90E+06 9.00E+06 NA

Zinc  (B) 49000 47,000 2.40E+06 5.00E+06   (G) NLV NLV NLV NLV ID 6.30E+08 NA

U

B

D

G

H

M

X

Z

DD

"NA"

"ID"

"NLV"

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

The GSI criterion shown in the generic cleanup criteria tables is not protective for surface water that is used as a drinking water source. For a groundwater discharge to the Great Lakes and their
connecting waters or discharge in close proximity to a water supply intake in inland surface waters, the generic GSI criterion shall be the surface water human drinking water value (HDV) listed in the
table in this footnote, except for those HDV indicated with an asterisk. For HDV with an asterisk, the generic GSI criterion shall be the lowest of the HDV, the WV, and the calculated FCV. See
formulas in footnote (G). Soil protection criteria based on the HDV shall be as listed in the table in this footnote, except for those values with an asterisk. Soil GSI protection criteria based on the HDV
shall be as listed in the table in this footnote, except for those values with an asterisk. Soil GSI protection criteria for compounds with an asterisk shall be the greater of 20 times the GSI criterion or
the GSI soil-water partition values using the GSI criteria developed with the procedure described in this footnote

Mercury is typically measured as total mercury. The generic cleanup criteria, however, are based on data for different species of mercury. Specifically, data for elemental mercury, chemical abstract
service (CAS) number 7439976, serve as the basis for the soil volatilization to indoor air criteria, groundwater volatilization to indoor air, and soil inhalation criteria. Data for methyl mercury, CAS
number 22967926, serve as the basis for the GSI criterion; and data for mercuric chloride, CAS number 7487947, serve as the basis for the drinking water, groundwater contact, soil direct contact,
and the groundwater protection criteria. Comparison to criteria shall be based on species-specific analytical data only if sufficient facility characterization has been conducted to rule out the presence
of other species of mercury

Hazardous substance causes developmental effects. Residential direct contact criteria are protective of both prenatal and postnatal exposure. Nonresidential direct contact criteria are protective for a
pregnant adult receptor

a criterion or value is not available or, in the case of background and CAS numbers, not applicable

insufficient data to develop criterion

hazardous substance is not likely to volatilize under most conditions

The analyte was not detected at or above the reporting limit

Background, as defined in R 299.1(b), may be substituted if higher than the calculated cleanup criterion. Background levels may be less than criteria for some inorganic compounds

Calculated criterion exceeds 100 percent, hence it is reduced to 100 percent or 1.0E+9 parts per billion (ppb)
Groundwater surface water interface (GSI) criterion depends on the pH or water hardness, or both, of the receiving surface water. The final chronic value (FCV) for the protection of aquatic life shall
be calculated based on the pH or hardness of the receiving surface water. Where water hardness exceeds 400 mg CaCO3/L, use 400 mg CaCO3/L for the FCV calculation. The FCV formula
provides values in units of ug/L or ppb. The generic GSI criterion is the lesser of the calculated FCV, the wildlife value (WV), and the surface water human non-drinking water value (HNDV). The soil
GSI protection criteria for these hazardous substances are the greater of the 20 times the GSI criterion or the GSI soil-water partition values using the GSI criteria developed with the procedure
described in this footnote

Valence-specific chromium data (Cr III and Cr VI) shall be compared to the corresponding valence-specific cleanup criteria. If both Cr III and Cr VI are present in groundwater, the total concentration
of both cannot exceed the drinking water criterion of 100 ug/L. If analytical data are provided for total chromium only, they shall be compared to the cleanup criteria for Cr VI. Cr III soil cleanup
criterion for protection of drinking water can only be used at sites where groundwater is prevented from being used as a public water supply, currently and in the future, through an approved land or
resource use restriction

Calculated criterion is below the analytical target detection limit, therefore, the criterion defaults to the target detection limit

SB-28 - 4.5' Groundwater Protection Ambient Air (Y) (C)



SUMMARY OF ANALYTICAL TEST RESULTS FOR POLYNUCLEAR AROMATIC HYDROCARBONS (PNAs)
Stadium Boulevard Reconstruction

Ann Arbor, Michigan
CTI Project Number 3142040052

Indoor Air Contact Csat

Parameter (PNAs) Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation

Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter
Source

Thickness

Finite VSIC for
2 Meter
Source

Thickness

Particulate Soil
Inhalation

Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Acenaphthene U NA 3.00E+05 8.80E+05 8,700 3.50E+08 9.70E+07 9.70E+07 9.70E+07 6.20E+09 1.30E+08 NA

Acenaphthylene U NA 5,900 17,000 ID 3.00E+06 2.70E+06 2.70E+06 2.70E+06 1.00E+09 5.20E+06 NA

Anthracene 340 NA 41,000 41,000 ID 1.0E+9 (D) 1.60E+09 1.60E+09 1.60E+09 2.90E+10 7.30E+08 NA

Benzo(a)anthracene  (Q) 770 NA NLL NLL NLL NLV NLV NLV NLV ID 80,000 NA

Benzo(a)pyrene  (Q) 740 NA NLL NLL NLL NLV NLV NLV NLV 1.90E+06 8,000 NA

Benzo(b)fluoranthene  (Q) 990 NA NLL NLL NLL ID ID ID ID ID 80,000 NA

Benzo(g,h,i)perylene 490 NA NLL NLL NLL NLV NLV NLV NLV 3.50E+08 7.00E+06 NA

Benzo(k)fluoranthene  (Q) U NA NLL NLL NLL NLV NLV NLV NLV ID 8.00E+05 NA

Chrysene  (Q) 920 NA NLL NLL NLL ID ID ID ID ID 8.00E+06 NA

Dibenzo(a,h)anthracene  (Q) U NA NLL NLL NLL NLV NLV NLV NLV ID 8,000 NA

Fluoranthene 2300 NA 7.30E+05 7.30E+05 5,500 1.0E+9 (D) 8.90E+08 8.80E+08 8.80E+08 4.10E+09 1.30E+08 NA

Fluorene U NA 3.90E+05 8.90E+05 5,300 1.0E+9 (D) 1.50E+08 1.50E+08 1.50E+08 4.10E+09 8.70E+07 NA

Indeno(1,2,3-cd)pyrene  (Q) 500 NA NLL NLL NLL NLV NLV NLV NLV ID 80,000 NA

Phenanthrene 1000 NA 56,000 1.60E+05 2,100 5.10E+06 1.90E+05 1.90E+05 1.90E+05 2.90E+06 5.20E+06 NA

Pyrene 1600 NA 4.80E+05 4.80E+05 ID 1.0E+9 (D) 7.80E+08 7.80E+08 7.80E+08 2.90E+09 8.40E+07 NA

Indoor Air Contact Csat

Parameter (PNAs) Result
(ug/Kg)

Statewide
Default

Background
Levels

Residential
Drinking Water

Protection
Criteria

Nonresidential
Drinking Water

Protection
Criteria

Groundwater
Surface Water

Interface
Protection

Criteria

Soil
Volatilization to

Indoor Air
Inhalation

Criteria

Infinite Source
Volatile Soil
Inhalation

Criteria (VSIC)

Finite VSIC for
5 Meter
Source

Thickness

Finite VSIC for
2 Meter
Source

Thickness

Particulate Soil
Inhalation

Criteria

Direct Contact
Criteria

Soil Saturation
Concentration

Screening
Levels

Acenaphthene 40000 NA 3.00E+05 8.80E+05 8,700 3.50E+08 9.70E+07 9.70E+07 9.70E+07 6.20E+09 1.30E+08 NA

Acenaphthylene 84000 NA 5,900 17,000 ID 3.00E+06 2.70E+06 2.70E+06 2.70E+06 1.00E+09 5.20E+06 NA

Anthracene 200000 NA 41,000 41,000 ID 1.0E+9 (D) 1.60E+09 1.60E+09 1.60E+09 2.90E+10 7.30E+08 NA

Benzo(a)anthracene  (Q) 330000 NA NLL NLL NLL NLV NLV NLV NLV ID 80,000 NA

Benzo(a)pyrene  (Q) 300000 NA NLL NLL NLL NLV NLV NLV NLV 1.90E+06 8,000 NA

Benzo(b)fluoranthene  (Q) 350000 NA NLL NLL NLL ID ID ID ID ID 80,000 NA

Benzo(g,h,i)perylene 170000 NA NLL NLL NLL NLV NLV NLV NLV 3.50E+08 7.00E+06 NA

Benzo(k)fluoranthene  (Q) 110000 NA NLL NLL NLL NLV NLV NLV NLV ID 8.00E+05 NA

Chrysene  (Q) 390000 NA NLL NLL NLL ID ID ID ID ID 8.00E+06 NA

Dibenzo(a,h)anthracene  (Q) 43000 NA NLL NLL NLL NLV NLV NLV NLV ID 8,000 NA

Fluoranthene 910000 NA 7.30E+05 7.30E+05 5,500 1.0E+9 (D) 8.90E+08 8.80E+08 8.80E+08 4.10E+09 1.30E+08 NA

Fluorene 150000 NA 3.90E+05 8.90E+05 5,300 1.0E+9 (D) 1.50E+08 1.50E+08 1.50E+08 4.10E+09 8.70E+07 NA

Indeno(1,2,3-cd)pyrene  (Q) 170000 NA NLL NLL NLL NLV NLV NLV NLV ID 80,000 NA

Phenanthrene 850000 NA 56,000 1.60E+05 2,100 5.10E+06 1.90E+05 1.90E+05 1.90E+05 2.90E+06 5.20E+06 NA

Pyrene 770000 NA 4.80E+05 4.80E+05 ID 1.0E+9 (D) 7.80E+08 7.80E+08 7.80E+08 2.90E+09 8.40E+07 NA

U

Q

"NA"

"NLL"

"ID"

"NLV"

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS

The analyte was not detected at or above the reporting limit

hazardous substance is not likely to leach under most soil conditions

insufficient data to develop criterion

hazardous substance is not likely to volatilize under most conditions

SB-016 - 4' Groundwater Protection Ambient Air (Y) (C)

a criterion or value is not available or, in the case of background and CAS numbers, not applicable

Criteria for carcinogenic polycyclic aromatic hydrocarbons were developed using relative potential potencies to benzo(a)pyrene

SB-05 - 4.5' Groundwater Protection Ambient Air (Y) (C)

MDEQ - Soil: Non-Residential. PART 201 GENERIC CLEANUP CRITERIA AND SCREENING LEVELS/PART 213 RISK-BASED SCREENING LEVELS



Monday, December 01, 2014

Stadium Blvd Reconstruction (3142040052) /3142040052Project Identification:
Fibertec Project Number: 65442 

51331 W. Pontiac Trail
CTI & Associates, Inc.

Wixom, MI  48393

Ms. Theresa Marsik

Thank you for selecting Fibertec Environmental Services as your analytical laboratory.  The samples you submitted have 
been analyzed in accordance with NELAC standards and the results compiled in the attached report.  Any exceptions to 
NELAC compliance are noted in the report.  These results apply only to those samples submitted.  Please note TO-15 
samples will be disposed of 14 days after the reporting date.  All other samples will be disposed of 30 days after the 
reporting date.

Dear Ms. Marsik,

Submittal Date: 11/20/2014

If you have any questions regarding these results or if we may be of further assistance to you, please contact me at (517) 
699-0345.

Sincerely,

Daryl P. Strandbergh  
Laboratory Director

Enclosures

DPS/cdh

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312



Analytical Laboratory Report 65442
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B1-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:15

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-001

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-001

P. Date P. Batch A. Date A. Batch Init.

%1. 17 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-001

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 7200 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 95000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 480 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 20000 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 23000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 11000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 250 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

J,N1 µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 61000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-001

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 8.4 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-001A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312

tmarsik
Typewritten text
 (SB-01)



Analytical Laboratory Report 65442
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B1-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:15

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-001

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-001A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 300 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 30 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312

tmarsik
Typewritten text
 (SB-01)
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B1-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:15

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-001

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-001A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-001

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthene (SIM) GAN

µg/kg2. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthylene (SIM) GAN

µg/kg3. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAnthracene (SIM) GAN

µg/kg4. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)anthracene (SIM) GAN

µg/kg5. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)pyrene (SIM) GAN

µg/kg6. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(b)fluoranthene (SIM) GAN

µg/kg7. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(ghi)perylene (SIM) GAN

µg/kg8. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(k)fluoranthene (SIM) GAN

µg/kg9. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AChrysene (SIM) GAN

µg/kg10. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ADibenzo(a,h)anthracene (SIM) GAN

µg/kg11. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluoranthene (SIM) GAN

µg/kg12. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluorene (SIM) GAN

µg/kg13. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AIndeno(1,2,3-cd)pyrene (SIM) GAN

µg/kg14. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24A2-Methylnaphthalene (SIM) GAN

µg/kg15. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APhenanthrene (SIM) GAN

µg/kg16. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APyrene (SIM) GAN

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B7-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 14:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-002

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-002

P. Date P. Batch A. Date A. Batch Init.

%1. 16 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-002

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 3900 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 12000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 160 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 5100 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 8400 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 8600 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. U 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 25000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-002

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.0 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-002A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B7-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 14:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-002

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-002A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 300 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 30 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B7-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 14:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-002

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-002A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-002

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthene (SIM) GAN

µg/kg2. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthylene (SIM) GAN

µg/kg3. 340 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAnthracene (SIM) GAN

µg/kg4. 770 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)anthracene (SIM) GAN

µg/kg5. 740 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)pyrene (SIM) GAN

µg/kg6. 990 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(b)fluoranthene (SIM) GAN

µg/kg7. 490 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(ghi)perylene (SIM) GAN

µg/kg8. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(k)fluoranthene (SIM) GAN

µg/kg9. 920 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AChrysene (SIM) GAN

µg/kg10. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ADibenzo(a,h)anthracene (SIM) GAN

µg/kg11. 2300 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluoranthene (SIM) GAN

µg/kg12. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluorene (SIM) GAN

µg/kg13. 500 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AIndeno(1,2,3-cd)pyrene (SIM) GAN

µg/kg14. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24A2-Methylnaphthalene (SIM) GAN

µg/kg15. 1000 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APhenanthrene (SIM) GAN

µg/kg16. 1600 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APyrene (SIM) GAN

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Wet Sand

Sample No: B12-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 13:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-003

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-003

P. Date P. Batch A. Date A. Batch Init.

%1. 8.5 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-003

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 5200 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 21000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 150 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 6100 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 15000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 7000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 290 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 38000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-003

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.5 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-003A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 55 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Wet Sand

Sample No: B12-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 13:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-003

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-003A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 270 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 55 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 55 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 55 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 27 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312

tmarsik
Typewritten text
 (SB-08)



Analytical Laboratory Report 65442
10 of 32

Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Wet Sand

Sample No: B12-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 13:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-003

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-003A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-003

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthene BDA

µg/kg2. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthylene BDA

µg/kg3. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAnthracene BDA

µg/kg4. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)anthracene BDA

µg/kg5. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)pyrene BDA

µg/kg6. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(b)fluoranthene BDA

µg/kg7. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(ghi)perylene BDA

µg/kg8. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(k)fluoranthene BDA

µg/kg9. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AChrysene BDA

µg/kg10. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ADibenzo(a,h)anthracene BDA

µg/kg11. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluoranthene BDA

µg/kg12. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluorene BDA

µg/kg13. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AIndeno(1,2,3-cd)pyrene BDA

µg/kg14. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24A2-Methylnaphthalene BDA

µg/kg15. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APhenanthrene BDA

µg/kg16. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APyrene BDA

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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F: (810) 220-3311
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B15-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-004

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-004

P. Date P. Batch A. Date A. Batch Init.

%1. 7.4 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-004

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 8800 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 18000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 280 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 7600 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 19000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 11000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 230 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 59000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-004

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.2 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-004A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 54 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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F: (517) 699-0388
F: (810) 220-3311
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B15-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-004

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-004A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 270 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 54 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 54 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 54 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 27 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B15-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:10

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-004

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/13/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-004A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-004

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthene (SIM) GAN

µg/kg2. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthylene (SIM) GAN

µg/kg3. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AAnthracene (SIM) GAN

µg/kg4. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)anthracene (SIM) GAN

µg/kg5. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)pyrene (SIM) GAN

µg/kg6. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(b)fluoranthene (SIM) GAN

µg/kg7. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(ghi)perylene (SIM) GAN

µg/kg8. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(k)fluoranthene (SIM) GAN

µg/kg9. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AChrysene (SIM) GAN

µg/kg10. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24ADibenzo(a,h)anthracene (SIM) GAN

µg/kg11. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluoranthene (SIM) GAN

µg/kg12. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AFluorene (SIM) GAN

µg/kg13. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24AIndeno(1,2,3-cd)pyrene (SIM) GAN

µg/kg14. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24A2-Methylnaphthalene (SIM) GAN

µg/kg15. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APhenanthrene (SIM) GAN

µg/kg16. U 330 5.0 11/24/14 PS14K24D 11/24/14 S614K24APyrene (SIM) GAN
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Silty Sand

Sample No: B19-12.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:05

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-005

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-005

P. Date P. Batch A. Date A. Batch Init.

%1. 10 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-005

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 2200 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 7700 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 180 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 3700 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 10000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 3300 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. U 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 32000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-005

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.6 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-005A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 56 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD
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8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Silty Sand

Sample No: B19-12.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:05

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-005

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-005A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 280 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 56 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 56 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 56 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 28 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Silty Sand

Sample No: B19-12.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 10:05

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-005

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-005A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-005

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthene BDA

µg/kg2. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthylene BDA

µg/kg3. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAnthracene BDA

µg/kg4. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)anthracene BDA

µg/kg5. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)pyrene BDA

µg/kg6. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(b)fluoranthene BDA

µg/kg7. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(ghi)perylene BDA

µg/kg8. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(k)fluoranthene BDA

µg/kg9. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AChrysene BDA

µg/kg10. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ADibenzo(a,h)anthracene BDA

µg/kg11. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluoranthene BDA

µg/kg12. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluorene BDA

µg/kg13. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AIndeno(1,2,3-cd)pyrene BDA

µg/kg14. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24A2-Methylnaphthalene BDA

µg/kg15. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APhenanthrene BDA

µg/kg16. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APyrene BDA
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B21-4'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:50

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-006

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-006

P. Date P. Batch A. Date A. Batch Init.

%1. 5.4 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-006

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 5800 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 28000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 330 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 5800 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 16000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 130000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

J,V+ µg/kg7. 220 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 76000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-006

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.5 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-006A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD
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Order:
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B21-4'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:50

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-006

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-006A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 260 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 26 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Clay

Sample No: B21-4'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 12:50

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-006

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-006A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-006

P. Date P. Batch A. Date A. Batch Init.

J,J µg/kg1. 40000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BAcenaphthene (SIM) GAN

J,J µg/kg2. 84000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BAcenaphthylene (SIM) GAN

J,J µg/kg3. 200000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BAnthracene (SIM) GAN

J,J µg/kg4. 330000 5600 400 11/24/14 PS14K24D 11/26/14 S614K25BBenzo(a)anthracene (SIM) GAN

J,J µg/kg5. 300000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BBenzo(a)pyrene (SIM) GAN

J,J µg/kg6. 350000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BBenzo(b)fluoranthene (SIM) GAN

J,J µg/kg7. 170000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BBenzo(ghi)perylene (SIM) GAN

J,J µg/kg8. 110000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BBenzo(k)fluoranthene (SIM) GAN

J,J µg/kg9. 390000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BChrysene (SIM) GAN

J,J µg/kg10. 43000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BDibenzo(a,h)anthracene (SIM) GAN

J,J µg/kg11. 910000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BFluoranthene (SIM) GAN

J,J µg/kg12. 150000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BFluorene (SIM) GAN

J,J µg/kg13. 170000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BIndeno(1,2,3-cd)pyrene (SIM) GAN

J,J µg/kg14. 93000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25B2-Methylnaphthalene (SIM) GAN

J,J µg/kg15. 850000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BPhenanthrene (SIM) GAN

J,J µg/kg16. 770000 2800 400 11/24/14 PS14K24D 11/26/14 S614K25BPyrene (SIM) GAN

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312

tmarsik
Typewritten text
 (SB-16)



Analytical Laboratory Report 65442
20 of 32

Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B23-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-007

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-007

P. Date P. Batch A. Date A. Batch Init.

%1. 2.9 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-007

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 3000 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 8500 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 91 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 2900 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 5700 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 2600 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. U 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 18000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-007

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.9 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-007A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 51 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368

lab@fibertec.us

F: (517) 699-0388
F: (810) 220-3311
F: (231) 775-8584

DCSID: G-610.15 (10/09/13) RSN: 65442-141201115312

tmarsik
Typewritten text
 (SB-14)



Analytical Laboratory Report 65442
21 of 32

Order:
Page:
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B23-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-007

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-007A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 260 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 51 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 51 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 51 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 26 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B23-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-007

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-007A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-007

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthene (SIM) GAN

µg/kg2. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AAcenaphthylene (SIM) GAN

µg/kg3. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AAnthracene (SIM) GAN

µg/kg4. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)anthracene (SIM) GAN

µg/kg5. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(a)pyrene (SIM) GAN

µg/kg6. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(b)fluoranthene (SIM) GAN

µg/kg7. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(ghi)perylene (SIM) GAN

µg/kg8. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ABenzo(k)fluoranthene (SIM) GAN

µg/kg9. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AChrysene (SIM) GAN

µg/kg10. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24ADibenzo(a,h)anthracene (SIM) GAN

µg/kg11. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AFluoranthene (SIM) GAN

µg/kg12. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AFluorene (SIM) GAN

µg/kg13. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24AIndeno(1,2,3-cd)pyrene (SIM) GAN

µg/kg14. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24A2-Methylnaphthalene (SIM) GAN

µg/kg15. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24APhenanthrene (SIM) GAN

µg/kg16. U 330 1.0 11/24/14 PS14K24D 11/24/14 S614K24APyrene (SIM) GAN
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B24-5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:20

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-008

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-008

P. Date P. Batch A. Date A. Batch Init.

%1. 6.1 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-008

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 4700 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 11000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 120 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 3900 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 8300 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 4500 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 210 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 26000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-008

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.8 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-008A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD

1914 Holloway Drive Holt, MI  48842 T: (517) 699-0345
11766 E. Grand River Brighton, MI  48116 T: (810) 220-3300
8660 S. Mackinaw Trail Cadillac, MI  49601 T: (231) 775-8368
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B24-5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:20

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-008

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-008A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 270 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 53 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 27 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Order:
Page:
Date: 12/01/14

Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Brown Sand

Sample No: B24-5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 11:20

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-008

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-008A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 110 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-008

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AAcenaphthene (SIM) GAN

µg/kg2. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AAcenaphthylene (SIM) GAN

µg/kg3. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AAnthracene (SIM) GAN

µg/kg4. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ABenzo(a)anthracene (SIM) GAN

µg/kg5. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ABenzo(a)pyrene (SIM) GAN

µg/kg6. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ABenzo(b)fluoranthene (SIM) GAN

µg/kg7. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ABenzo(ghi)perylene (SIM) GAN

µg/kg8. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ABenzo(k)fluoranthene (SIM) GAN

µg/kg9. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AChrysene (SIM) GAN

µg/kg10. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24ADibenzo(a,h)anthracene (SIM) GAN

µg/kg11. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AFluoranthene (SIM) GAN

µg/kg12. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AFluorene (SIM) GAN

µg/kg13. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24AIndeno(1,2,3-cd)pyrene (SIM) GAN

µg/kg14. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24A2-Methylnaphthalene (SIM) GAN

µg/kg15. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24APhenanthrene (SIM) GAN

µg/kg16. U 330 5.0 11/24/14 PS14K24D 11/25/14 S614K24APyrene (SIM) GAN
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B29-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 16:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-009

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-009

P. Date P. Batch A. Date A. Batch Init.

%1. 16 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-009

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 2800 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 88000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 360 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 10000 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 11000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 10000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 390 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 32000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-009

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 9.6 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-009A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B29-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 16:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-009

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-009A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 300 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 30 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Dark Gray Clay

Sample No: B29-2'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 16:40

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-009

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/12/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-009A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-009

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthene BDA

µg/kg2. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAcenaphthylene BDA

µg/kg3. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AAnthracene BDA

µg/kg4. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)anthracene BDA

µg/kg5. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(a)pyrene BDA

µg/kg6. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(b)fluoranthene BDA

µg/kg7. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(ghi)perylene BDA

µg/kg8. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ABenzo(k)fluoranthene BDA

µg/kg9. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AChrysene BDA

µg/kg10. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24ADibenzo(a,h)anthracene BDA

µg/kg11. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluoranthene BDA

µg/kg12. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AFluorene BDA

µg/kg13. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24AIndeno(1,2,3-cd)pyrene BDA

µg/kg14. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24A2-Methylnaphthalene BDA

µg/kg15. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APhenanthrene BDA

µg/kg16. U 330 1.0 11/24/14 PS14K24D 11/24/14 S514K24APyrene BDA
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B38-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 15:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-010

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Dry Weight Determination (ASTM D 2974-87) Soil/SolidMatrix:65442-010

P. Date P. Batch A. Date A. Batch Init.

%1. 17 0.1 1.0 11/26/14 MC141126 11/28/14 MC141126Percent Moisture (Water Content)‡ BMG

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Michigan 10 Elements by ICP/MS (EPA 0200.2-M/EPA 6020A) Soil/SolidMatrix:65442-010

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. 5300 100 20 11/28/14 PT14K28B 11/28/14 T414K28AArsenic JLP

µg/kg2. 72000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ABarium JLP

µg/kg3. 300 50 20 11/28/14 PT14K28B 11/28/14 T414K28ACadmium JLP

µg/kg4. 16000 500 20 11/28/14 PT14K28B 11/28/14 T414K28AChromium JLP

µg/kg5. 16000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ACopper JLP

µg/kg6. 9300 1000 20 11/28/14 PT14K28B 11/28/14 T414K28ALead JLP

µg/kg7. 260 200 20 11/28/14 PT14K28B 11/28/14 T414K28CSelenium JLP

µg/kg8. U 100 20 11/28/14 PT14K28B 11/28/14 T414K28ASilver JLP

µg/kg9. 49000 1000 20 11/28/14 PT14K28B 11/28/14 T414K28AZinc JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Mercury by CVAAS (EPA 7471B) Soil/SolidMatrix:65442-010

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 50 8.7 11/25/14 PM14K25A 11/25/14 M614K25BMercury JLP

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-010A

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 1000 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcetone CCD

µg/kg2. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BAcrylonitrile‡ CCD

µg/kg3. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBenzene CCD

µg/kg4. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromobenzene CCD

µg/kg5. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromochloromethane CCD

µg/kg6. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromodichloromethane CCD

µg/kg7. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromoform CCD

µg/kg8. U 200 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BBromomethane CCD

µg/kg9. U 750 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Butanone CCD

µg/kg10. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Butylbenzene CCD

µg/kg11. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bsec-Butylbenzene CCD

µg/kg12. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btert-Butylbenzene CCD

µg/kg13. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Disulfide CCD
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B38-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 15:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-010

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-010A

P. Date P. Batch A. Date A. Batch Init.

µg/kg14. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BCarbon Tetrachloride CCD

µg/kg15. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChlorobenzene CCD

µg/kg16. U 300 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroethane CCD

µg/kg17. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloroform CCD

µg/kg18. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BChloromethane CCD

µg/kg19. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Chlorotoluene CCD

µg/kg20. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromochloromethane CCD

µg/kg21. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dibromo-3-chloropropane (SIM)‡ CCD

µg/kg22. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDibromomethane CCD

µg/kg23. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichlorobenzene CCD

µg/kg24. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3-Dichlorobenzene CCD

µg/kg25. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,4-Dichlorobenzene CCD

µg/kg26. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BDichlorodifluoromethane CCD

µg/kg27. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethane CCD

µg/kg28. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloroethane CCD

µg/kg29. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1-Dichloroethene CCD

µg/kg30. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,2-Dichloroethene CCD

µg/kg31. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,2-Dichloroethene CCD

µg/kg32. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2-Dichloropropane CCD

µg/kg33. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bcis-1,3-Dichloropropene CCD

µg/kg34. U 60 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Btrans-1,3-Dichloropropene CCD

µg/kg35. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylbenzene CCD

µg/kg36. U 30 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BEthylene Dibromide CCD

µg/kg37. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B2-Hexanone CCD

µg/kg38. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BIsopropylbenzene CCD

µg/kg39. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMethylene Chloride CCD

µg/kg40. U 2500 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B4-Methyl-2-pentanone CCD

µg/kg41. U 250 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BMTBE CCD

µg/kg42. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BNaphthalene CCD

µg/kg43. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bn-Propylbenzene CCD

µg/kg44. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BStyrene CCD

µg/kg45. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1,2-Tetrachloroethane CCD

µg/kg46. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2,2-Tetrachloroethane CCD

µg/kg47. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTetrachloroethene CCD

µg/kg48. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BToluene CCD

µg/kg49. U 330 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trichlorobenzene CCD

µg/kg50. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,1-Trichloroethane CCD

µg/kg51. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,1,2-Trichloroethane CCD
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Client Identification: CTI & Associates, Inc.

Client Project Name: Stadium Blvd Reconstruction 
(3142040052)

Client Project No: 3142040052

Sample Description: Mottled Brown and Gray Clay

Sample No: B38-4.5'

Sample Matrix: Soil/Solid

Collect Date:

Chain of Custody:

Collect Time: 15:45

Laboratory Project Number: 65442
Laboratory Sample Number: 65442-010

Sample Comments: Soil results have been calculated and reported on a dry weight basis unless otherwise noted.

Q:  Qualifier (see definitions at end of report) NA: Not ApplicableDefinitions:

11/11/14

: Parameter not included in NELAC Scope of Analysis.‡

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Volatile Organic Compounds (VOCs) by GC/MS, 5035 (EPA 5035A/EPA 8260B) Soil/SolidMatrix:65442-010A

P. Date P. Batch A. Date A. Batch Init.

µg/kg52. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichloroethene CCD

µg/kg53. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BTrichlorofluoromethane CCD

µg/kg54. U 120 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trichloropropane CCD

µg/kg55. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,3-Trimethylbenzene‡ CCD

µg/kg56. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,2,4-Trimethylbenzene CCD

µg/kg57. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21B1,3,5-Trimethylbenzene CCD

µg/kg58. U 40 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BVinyl Chloride CCD

µg/kg59. U 100 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bm&p-Xylene CCD

µg/kg60. U 50 1.0 11/21/14 VH14K21B 11/21/14 VH14K21Bo-Xylene CCD

µg/kg61. U 150 1.0 11/21/14 VH14K21B 11/21/14 VH14K21BXylenes CCD

Analysis
Reporting Limit Parameter(s) Result

Preparation
UnitsQ Dilution

Aliquot ID: Polynuclear Aromatic Hydrocarbons (PNAs) (EPA 3546/EPA 8270C) Soil/SolidMatrix:65442-010

P. Date P. Batch A. Date A. Batch Init.

µg/kg1. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BAcenaphthene BDA

µg/kg2. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BAcenaphthylene BDA

µg/kg3. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BAnthracene BDA

µg/kg4. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BBenzo(a)anthracene BDA

µg/kg5. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BBenzo(a)pyrene BDA

µg/kg6. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BBenzo(b)fluoranthene BDA

µg/kg7. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BBenzo(ghi)perylene BDA

µg/kg8. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BBenzo(k)fluoranthene BDA

µg/kg9. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BChrysene BDA

µg/kg10. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BDibenzo(a,h)anthracene BDA

µg/kg11. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BFluoranthene BDA

µg/kg12. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BFluorene BDA

µg/kg13. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BIndeno(1,2,3-cd)pyrene BDA

µg/kg14. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26B2-Methylnaphthalene BDA

µg/kg15. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BPhenanthrene BDA

µg/kg16. U 330 1.0 11/24/14 PS14K24D 11/27/14 S514K26BPyrene BDA
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BACKGROUND	
ARA performed FWD testing for CTI and Associates, Inc. (CTI) on five streets near Stadium Boulevard in 
Ann Arbor as part of a CTI pavement evaluation and design project.  The pavement structures consist 
primarily of asphalt concrete (AC) with no reported base, with the exception of Stadium Boulevard, 
which has a portland cement concrete (PCC) base.  The other roads included in the study are Main St., 
Potter Ave., Prescott Ave., and Edgewood Ave.  ARA performed FWD testing at 40 locations selected by 
CTI, corresponding to bore holes.  CTI determined the pavement layer thicknesses for us in data analysis.  
The following report summarizes our data collection, analysis, and results. 

FWD	TESTING	
ARA tested with a JILS 20‐T truck‐mounted FWD on November 6, 2014.  The FWD was configured with 
nine deflection sensors spaced a 0, 8, 12, 18, 24, 36, 48, 60, and ‐12 in from the load center and a 12‐in 
diameter load plate.  The FWD performed an unrecorded seating drop and three test drops at 6, 9, and 
12 kip target loads at 40 test locations selected by CTI, corresponding to bore hole locations.  In addition 
to the load and deflection data, the FWD automatically recorded the station, GPS coordinates, air 
temperature, and pavement surface temperature at each test point. 

 

 
Figure 1.  The JILS truck‐mounted FWD configured with nine deflection sensors. 
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DATA	ANALYSIS	AND	RESULTS 

The following sections describe the FWD data analysis procedures and results.  Appendix A (attached 
electronically) presents the point‐by‐point results. 

Normalization	of	Maximum	Deflections	
 
ARA normalized the maximum deflection at each test location to 9,000 lbf using a linear extrapolation of 
the measured load and deflection data.  Normalization is used to remove small variations in the actual 
load at each test point due to variations in pavement stiffness and to allow comparison of all maximum 
deflections at a single load level.  In addition, we normalized the deflections to a standard temperature 
of 68 °F to account for the temperature susceptibility of AC pavement deflections.  Figure 2 presents the 
normalized deflection results by road and boring number.  It shows the deflections ranged from 4 to 55 
mils, with lower deflections on Stadium Blvd. and Main St., and higher deflections on the other three 
roads. 

 
Figure 2.  Maximum deflections at 9,000 lbf and 68 °F. 

	

Flexible	Pavement	Backcalculation	–	AASHTO	1993	Method	
 
ARA analyzed the pavements using two methods—the 1993 AASHTO backcalculation procedure and the 
MODULUS backcalculation program.  In the case of flexible pavements, the AASHTO method models the 
pavement as a two‐layer system—the combination of all layers above the subgrade, and the subgrade 
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layer.  It determines a composite pavement modulus (Ep), effective structural number (SNeff), and the 
subgrade resilient modulus (Mr).  The subgrade modulus is the backcalculated subgrade elastic modulus 
multiplied by a C‐factor to convert it to an equivalent laboratory Mr value.  In the case of fine‐grained 
soils, AASHTO recommends a C‐factor of 0.33.  Figures 3 through 5 present the results for Ep, SNeff, and 
Mr, respectively, and the point‐by‐point results are presented in Appendix A. 

 
Figure 3.  Pavement composite moduli – AASHTO method. 

 
The Ep results show higher values for Stadium and Main.  This is expected for Stadium, as it has a PCC 
base, which increases Ep significantly.  The cause of the higher values on Main is not immediately clear, 
as the borings did not report a PCC or stabilized base for this road.  Ep values for Potter, Prescott, and 
Edgewood are low and typical of thin‐ to medium‐thick AC pavements. 

The SNeff values show a similar trend as Ep, ranging from 0.8 to 8 in, with higher values on Stadium and 
Main, and lower values on the others.  It should be noted that the backcalculated Ep values, and 
therefore SNeff values, are determined based on deflections normalized to 68 °F.  Therefore, the Ep and 
SNeff values presented can be considered normalized to a standard temperature of 68 °F. 

The subgrade Mr values are significantly higher on Stadium and Main, ranging from 4 to 10 ksi, relative 
to the other roads, which ranged from 2 to 3.5 ksi.  One explanation for the difference in values can be 
due to the stress‐sensitivity of the subgrade soils, which react with a lower effective modulus when 
subjected to higher stresses due to the absence of the rigid base present on Stadium. 
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4 

 
Figure 4.  Effective structural number – AASHTO method. 

 

 
Figure 5.  Subgrade resilient modulus – AASHTO method. 
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Flexible	Pavement	Backcalculation	–	Multi‐Layer	Backcalculation	
 
ARA analyzed all five pavements using the MODULUS backcalculation program.  MODULUS models the 
pavement as multiple elastic layers over an elastic solid foundation.  It also has the option to predict and 
incorporate a rigid subsurface layer, such as shallow bedrock.  MODULUS sets realistic upper and lower 
limits for the pavement layer moduli based on the AC temperature at the time of testing.  The program 
searches for the combination of pavement and subgrade layer moduli that gives the best fit between 
theoretical and FWD‐measured deflection basins, within the constraints of these limits. 
 
Figure 6 presents the backcalculated Eac values using thicknesses determined from pavement coring 
and the estimated AC temperature at the time of testing.  ARA also normalized the AC moduli to a 
standard temperature of 70 °F using the Asphalt Institute’s equation for relating the modulus of AC 
mixes to temperature based on typical mix properties (e.g., AC content, percent voids, percent fines, 
and viscosity) and loading frequency.  They range from approximately 100 to 1,600 ksi, with the highest 
values occurring on Main and lower values on the remaining roads. 
 

 
Figure 6.  AC moduli normalized to 70 °F. 

ARA backcalculated using the depth‐to‐bedrock option in MODULUS, which produced a better fit 
between field and theoretical basins than the semi‐infinite subgrade option.  This option results in lower 
Mr values when compared to semi‐infinite results, such as the AASHTO method, due to the 
incorporation of a bedrock layer that contributes to the foundation stiffness.  Figure 7 shows the Mr 
values determined from MODULUS. 
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Figure 7.  Subgrade resilient moduli – MODULUS depth‐to‐bedrock option. 

	

Rigid	Pavement	Backcalculation	–	AREA	Method	
 
ARA backcalculated the composite pavement (i.e., AC/PCC) on Stadium Blvd. as a rigid pavement, using 
a modification of the AREA method from the 1993 AASHTO guide.  The benefit of modeling this road as a 
rigid pavement is that it characterizes the subgrade as a dense liquid, determining a subgrade modulus 
of reaction (i.e., k‐value) for the soil, which is typically used for rehabilitation design of rigid and 
composite pavements.  Figure 8 presents the dynamic backcalculated k‐values converted to equivalent 
k‐values determined through static plate load testing (i.e., k static) using a conversion factor of 0.5, as 
recommended by the AASHTO guide. 
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Figure 8.  Subgrade static k‐values for Stadium Boulevard – AREA method.
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APPENDIX A 

FWD RESULTS 

(attached electronically) 

 



Street Boring Traffic Hac Hpcc AC D0 @ 9k/68F Mr Ep SNeff Hac Hpcc Mr Eac Eac@70F Epcc Eac Eac@70F Epcc Kstatic Latitude Longitude
Name Number Direction (in) (in) Temp (F) (mil) (ksi) (ksi) (in) (in) (in) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (ksi) (psi/in) (dd.ddddd) (dd.ddddd)

Stadium SB-01 EB 3.0 8.0 48.8 5.15 6.4 1351.8 5.5 5.0 7.0 5.3 1619.4 772.0 4,887.0 967.0 461.0 6769.3 111.9 42.26401 -83.75587
Stadium FFSB-01 WB 7.0 5.0 50.9 7.21 6.9 415.5 4.0 5.0 7.0 8.3 927.9 471.5 8,000.0 420.4 213.6 2942.5 141.3 42.26410 -83.75554
Stadium SB-02 EB 6.0 8.0 47.1 4.62 7.2 868.6 6.0 5.0 7.0 6.4 324.5 147.2 1,007.6 1341.0 608.3 9387.0 121.6 42.26407 -83.75513
Stadium SB-03 WB 6.0 8.0 50.1 3.88 6.2 1721.5 7.6 5.0 7.0 5.3 1600.4 791.8 4,810.2 2639.1 1305.7 18473.4 95.1 42.26414 -83.75480
Stadium FFSB-02 WB 6.0 6.0 51.5 7.63 6.5 390.1 3.9 5.0 7.0 8.3 397.3 205.5 2,587.4 459.9 237.9 3219.3 128.2 42.26413 -83.75445
Stadium SB-04 EB 4.0 9.0 49.9 4.13 5.1 2382.8 7.8 5.0 7.0 4.6 1320.0 650.7 3,757.3 3141.4 1548.6 21989.6 80.2 42.26406 -83.75404
Stadium SB-05 WB 3.0 12.0 52.2 5.67 4.8 828.0 6.3 5.0 7.0 5.5 396.9 210.1 1,000.0 1278.8 677.1 8951.4 80.9 42.26418 -83.75371
Stadium FFSB-03 WB 6.0 4.0 51.3 9.00 5.5 485.9 3.5 5.0 7.0 4.7 344.5 177.2 1,000.0 397.0 204.2 2779.0 108.3 42.26416 -83.75334
Stadium SB-06 EB 4.0 6.0 48.5 5.62 9.1 726.9 4.0 5.0 7.0 3.4 796.7 376.3 3,370.4 617.6 291.7 4323.0 183.4 42.26412 -83.75291
Stadium SB-07 EB 3.0 9.0 46.8 3.53 9.9 1455.5 6.1 5.0 7.0 5.7 1608.3 721.9 1,617.5 1700.9 763.4 11906.3 171.6 42.26410 -83.75255
Stadium FFSB-04 WB 6.0 51.7 6.64 7.5 2342.2 3.6 5.0 7.0 6.8 410.6 213.9 1,762.6 521.1 271.4 3647.8 149.9 42.26419 -83.75221
Stadium SB-08 WB 3.0 8.0 51.4 6.11 5.9 968.4 4.9 5.0 7.0 4.9 307.2 158.7 1,389.5 802.5 414.5 5617.7 113.9 42.26423 -83.75185
Stadium SB-09 EB 7.0 8.0 45.9 8.53 7.1 199.9 3.9 5.0 7.0 5.9 397.5 174.1 1,347.7 321.7 140.9 2252.2 156.4 42.26412 -83.75139
Stadium FFSB-05 WB 6.0 6.0 51.1 5.45 7.2 780.1 5.0 5.0 7.0 6.1 579.6 295.9 1,000.0 778.7 397.5 5451.0 132.4 42.26422 -83.75110
Stadium RWFF-01 EB 6.0 7.0 49.1 8.46 6.3 279.6 3.8 5.0 7.0 5.5 412.8 198.3 3,862.9 340.3 163.5 2382.3 129.1 42.26417 -83.74963
Stadium RWFF-02 EB 4.0 7.0 49.3 9.41 5.5 353.8 3.5 5.0 7.0 3.7 1133.0 547.8 4,692.2 296.2 143.2 2073.2 112.7 42.26421 -83.74886
Stadium FF-01 WB 3.0 4.0 50.1 6.60 6.8 1931.7 3.9 5.0 7.0 5.5 1668.6 826.3 6,014.9 486.1 240.7 3402.6 132.9 42.26434 -83.74803
Stadium RWFF-03 EB 4.0 7.0 48.3 7.29 4.3 1047.8 5.0 5.0 7.0 6.2 1529.9 718.7 1,000.0 840.0 394.6 5880.2 75.2 42.26414 -83.74708
Stadium FF-02 WB 7.0 51.0 5.73 7.8 2197.7 4.1 5.0 7.0 5.7 865.2 441.3 1,000.0 538.4 274.6 3769.0 153.6 42.26412 -83.74583

Main SB-17 NB 8.0 52.8 6.56 9.0 803.1 3.3 6.5 0.0 6.8 3000.0 1616.6 42.26328 -83.75015
Main SB-16 SB 6.0 52.3 9.04 6.3 1322.0 3.0 6.5 0.0 5.2 2231.3 1182.4 42.26350 -83.75029
Main SB-15 NB 8.0 52.5 6.61 9.4 721.4 3.2 6.5 0.0 6.4 1495.6 799.6 42.26380 -83.75018
Main SB-14 SB 6.0 51.2 8.65 5.8 1775.8 3.3 6.5 0.0 4.7 2986.8 1532.6 42.26390 -83.75034
Main SB-10 SB 6.0 50.0 9.58 7.4 795.2 2.5 6.5 0.0 7.6 2837.0 1399.4 42.26440 -83.75033
Main SB-11 NB 6.0 52.2 7.21 8.7 1350.9 3.0 6.5 0.0 7.9 2662.8 1409.3 42.26472 -83.75017
Main SB-12 SB 6.0 50.4 6.83 8.1 1872.5 3.3 6.5 0.0 7.3 2420.9 1211.0 42.26502 -83.75029
Main SB-13 NB 6.0 52.1 6.70 6.8 2804.3 3.8 6.5 0.0 6.4 3000.0 1580.1 42.26517 -83.75018
Potter SB-18 EB 6.0 49.4 24.26 3.7 197.7 1.6 5.5 0.0 1.1 968.2 469.0 42.26660 -83.75805
Potter SB-19 WB 5.0 51.3 37.67 2.6 154.8 1.2 5.5 0.0 1.5 356.8 183.3 42.26667 -83.75736
Potter SB-20 EB 6.0 51.3 42.66 2.4 82.6 1.2 5.5 0.0 1.8 802.8 413.2 42.26659 -83.75662
Potter SB-21 EB 6.0 49.8 50.25 2.0 70.0 1.1 5.5 0.0 1.3 367.5 180.6 42.26660 -83.75589
Potter SB-22 WB 5.0 50.8 26.06 2.7 502.9 1.8 5.5 0.0 1.2 228.7 115.6 42.26667 -83.75537
Potter SB-23 EB 6.0 49.7 41.61 2.3 95.9 1.2 5.5 0.0 1.3 311.6 152.4 42.26662 -83.75478

Prescott SB-24 SB 4.0 52.2 72.48 1.6 100.7 0.8 4.5 0.0 1.1 481.9 254.9 42.26430 -83.75577
Prescott SB-25 NB 4.0 51.0 46.03 2.3 196.8 1.0 4.5 0.0 0.8 1271.8 646.9 42.26481 -83.75569
Prescott SB-26 SB 5.0 50.1 36.54 2.4 208.5 1.3 4.5 0.0 1.2 396.0 196.3 42.26531 -83.75580
Prescott SB-27 NB 5.0 51.9 33.07 2.4 303.3 1.5 4.5 0.0 0.9 1112.5 582.4 42.26589 -83.75572
Prescott SB-28 SB 4.0 50.7 51.87 2.5 98.8 0.8 4.5 0.0 1.2 122.4 61.8 42.26641 -83.75583

Edgewood SB-29 NB 6.0 50.1 54.97 2.0 55.5 1.0 6.0 0.0 1.0 300.4 149.0 42.26555 -83.75460
Edgewood FFSB-06 SB 6.0 50.7 45.37 2.1 90.6 1.2 6.0 0.0 1.1 162.3 82.0 42.26505 -83.75465

AASHTO - Flexible MODULUS AREA



  

 
 
 
 
 

 

 

ESAL Calculation and Pavement Designs



Directional Factor
Start Analysis Period 20 yrs
End Lane Distribution Factor 0.8 [1]

# of Days Growth Rate 0.253 % [3]

Class ESAL ESAL ESAL ESAL LEF* Flexible Pavement Y
1 & 2 20543 245,797.74 15364 183,830.82 20104 245,884.31 4913.3 73,485.46 0.004 Rigid Pavement N

3 881 10,541.20 1604 19,191.92 618 7,558.52 1204.8 18,019.91 0.004 pt 2.5 [2]

4 53 90,365.94 85 144,926.50 48 83,657.41 74.132 157,996.52 0.570 SN 5 [2]

5 216 484,583.98 271 607,973.42 159 364,625.25 137.47 385,499.11 0.750 Growth Factor 20.488
6 120 594,064.06 32 158,417.08 56 283,383.38 13.368 82,721.32 1.655
7 9 55,834.84 3 18,611.61 7 44,391.02 0.3692 2,863.33 2.074 Note: for Seventh, Lane Distribution Factor = 1
8 71 522,665.70 123 905,463.11 52 391,294.10 44.097 405,771.73 2.461 Growth Rate for E. Stadium = 0.482%
9 41 353,330.52 20 172,356.35 21 184,991.13 4.7925 51,625.73 2.881

10 8 73,776.41 10 92,220.52 0 - 2.9388 33,876.93 3.083
11 5 50,701.84 11 111,544.05 0 - 1.3488 17,096.95 3.390
12 2 24,354.83 2 24,354.83 2 24,895.42 0 - 4.071
13 13 176,155.25 4 54,201.62 5 69,255.86 0.4898 8,296.17 4.530

TOTAL 21962 2,682,172.31 17529 2,493,091.83 21072 1,699,936.40 6397 1,237,253.14

*References - [1], [4], [5], [6], [7]

Note: assumes "unclassified" vehicles are in Class 1 or 2

ESALs = (vehicle count/recording days)*(365 days/year)*(analysis period years)*(directional Factor)*(lane distribution factor)*(growth factor)*(LEF)

0.5

CTI ESAL CALCULATION WORKSHEET
Stadium Boulevard Reconstruction (CTI Project Number 3142040052)

10-9-14 and 10-17-14 3/25/2015 0:00 3/11/2015 0:00 9/30-10/3 and 10/7-10/9
1.00 1.00 1.00 1.00

NB & SB Main St EB & WB West Stadium EB & WB East Stadium Seventh at Stadium
10-8-14 and 10-16-14 3/24/2015 0:00 3/10/2015 0:00 converted to 1 day



SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

ABC
Aggregate Base  

Course

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

MSL
Mechanically  

Stabilized Base Cour

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 3.00 (in)

ACC3 3.00 (in)

ABC 8.00 (in)

SBC 7.00 (in)

Stabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 7.00 (in)

SBC 7.00 (in)

Tensar TX5
(Overlap=1.0ft)

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.

Subgrade Modulus = 6,000 (psi)
Structural Number = 4.554
Calculated Traffic (ESALs) = 2,511,000

Subgrade Modulus = 6,000 (psi)
Structural Number = 4.555
Calculated Traffic (ESALs) = 2,514,000

0.440 N/A

0.440 N/A

0.360 N/A

0.140 0.7

SBC Subbase Course 0.100 0.7

0.440 N/A

0.440 N/A

0.360 N/A

0.250 0.7

SBC Subbase Course 0.100 0.7
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Project  Name                        Stadium  Boulevard  -  CTI  Project  No.  3142040052
Company Name                                                          CTI and Associates, Inc.
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SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

coefficient
Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

ABC
Aggregate Base  

Course

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

MSL
Mechanically  

Stabilized Base Cour

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 2.50 (in)

ACC3 3.00 (in)

ABC 8.00 (in)

SBC 7.00 (in)

Subgrade Modulus = 5,500 (psi)
Structural Number = 4.334
Calculated Traffic (ESALs) = 1,777,000

Stabilized Pavement

ACC1 1.50 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 7.00 (in)

SBC 7.00 (in)

Tensar TX5
(Overlap=1.0ft)

Subgrade Modulus = 5,500 (psi)
Structural Number = 4.335
Calculated Traffic (ESALs) = 1,780,000

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.

Cost     
Layer Description

Layer 
($/ton)

0.440 N/A

0.440 N/A

0.360 N/A

0.140 0.7

SBC Subbase Course 0.100 0.7

0.440 N/A

0.440 N/A

0.360 N/A

0.250 0.7

SBC Subbase Course 0.100 0.7
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SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course
70 0.440 N/A

ACC2
Dense-graded  
Asphalt Course

70 0.440 N/A

ACC3
Dense-graded  
Asphalt Course

70 0.360 N/A

ABC
Aggregate Base  

Course
20 0.140 0.7

SBC Subbase Course 16 0.100 0.7

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course
70 0.440 N/A

ACC2
Dense-graded  
Asphalt Course

70 0.440 N/A

ACC3
Dense-graded  
Asphalt Course

70 0.360 N/A

MSL
Mechanically  

Stabilized Base Cour
20 0.230 0.7

SBC Subbase Course 16 0.100 0.7

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 3.00 (in)

ACC3 3.50 (in)

ABC 8.00 (in)

SBC 9.00 (in)

Stabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 9.00 (in)

SBC 8.00 (in)

Tensar TX5
(Overlap=1.0ft)

Project Name Stadium Boulevard - CTI Project No. 3142040052

Company Name CTI and Associates, Inc.

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.
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Subgrade Modulus = 6,000 (psi)
Structural Number = 4.874
Calculated Traffic (ESALs) = 4,074,000

Subgrade Modulus = 6,000 (psi)
Structural Number = 4.849
Calculated Traffic (ESALs) = 3,926,000
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SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

ABC
Aggregate Base  

Course

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

MSL
Mechanically  

Stabilized Base Cour

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 2.50 (in)

ACC3 3.50 (in)

ABC 8.00 (in)

SBC 8.00 (in)

Subgrade Modulus = 4,000 (psi)
Structural Number = 4.584
Calculated Traffic (ESALs) = 1,256,000

Stabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 7.00 (in)

SBC 8.00 (in)

Tensar TX5
(Overlap=1.0ft)

Subgrade Modulus = 4,000 (psi)
Structural Number = 4.625
Calculated Traffic (ESALs) = 1,338,000

Project Name Stadium Boulevard - CTI Project No. 3142040052

Company Name CTI and Associates, Inc.

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.
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0.440 N/A

0.440 N/A

0.360 N/A

0.140 0.7

SBC Subbase Course 0.100 0.7

0.440 N/A

0.440 N/A

0.360 N/A

0.250 0.7

SBC Subbase Course 0.100 0.7
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SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

ABC
Aggregate Base  

Course

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

MSL
Mechanically  

Stabilized Base Cour

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 3.00 (in)

ACC3 3.00 (in)

ABC 8.00 (in)

SBC 9.00 (in)

Subgrade Modulus = 4,000 (psi)
Structural Number = 4.694
Calculated Traffic (ESALs) = 1,486,000

Stabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 8.00 (in)

SBC 8.00 (in)

Tensar TX5
(Overlap=1.0ft)

Subgrade Modulus = 4,000 (psi)
Structural Number = 4.733
Calculated Traffic (ESALs) = 1,576,000

Project Name Stadium Boulevard - CTI Project No. 3142040052

Company Name CTI and Associates, Inc.

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.
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0.440 N/A

0.440 N/A

0.360 N/A

0.140 0.7

SBC Subbase Course 0.100 0.7 SBC Subbase Course 0.100 0.7

0.238 0.7

0.360 N/A

0.440 N/A

0.440 N/A

tmarsik
Typewritten text
Seventh Street and Potter Avenue Intersection



SpectraPave4 PRO™
Pavement Optimization Design Analysis

Design Parameters for AASHTO (1993) Equation

Reliability (%)

Standard Normal Deviate

Standard Deviation

= 95

= -1.645

= 0.45

Initial Serviceability

Terminal Serviceability

Change in Serviceability

= 4.5

= 2.5

= 2

Aggregate fill shall conform to following requirement:

D50 <= 27mm (Base course)

Unstabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

ABC
Aggregate Base  

Course

Stabilized Section Material Properties

Layer Description
Cost     
($/ton)

Layer 
coefficient

Drainage 
factor

ACC1
Asphalt Wearing  

Course

ACC2
Dense-graded  
Asphalt Course

ACC3
Dense-graded  
Asphalt Course

MSL
Mechanically  

Stabilized Base Cour

Unstabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

ABC 8.00 (in)

SBC 8.00 (in)

Subgrade Modulus = 2,500 (psi)
Structural Number = 4.184
Calculated Traffic (ESALs) = 224,000

Stabilized Pavement

ACC1 2.00 (in)

ACC2 2.00 (in)

ACC3 3.00 (in)

MSL 8.00 (in)

Tensar TX5
(Overlap=1.0ft)

Subgrade Modulus = 2,500 (psi)
Structural Number = 4.223
Calculated Traffic (ESALs) = 239,000

Project Name Stadium Boulevard - CTI Project No. 3142040052

Company Name CTI and Associates, Inc.

Designer T. Marsik Date 5-11-15

This document was prepared using SpectraPave4 PRO™ Software Version 4.6.1
Developed by Tensar International Corporation
Copyright 1998 - 2014, All Rights Reserved.
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0.440 N/A

0.440 N/A

0.360 N/A

0.140 0.7

SBC Subbase Course 0.100 0.7

0.440 N/A

0.440 N/A

0.360 N/A

0.247 0.7

None Subbase Course 0.080 1.0
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Skyline Steel Corporation
Sheet Pile and H-Pile Specifications
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SECTION

Width 
(w)

in

Height 
(h)

in

THICKNESS Cross 

Area

in2

2

WEIGHT SECTION MODULUS

Moment 
 

in

COATING AREA

Flange
(tf)

in

Wall 
(tw)

in

Pile Wall 

2

2

 

in3

3

 

in3

3

Both 
Sides

2

2

Wall 
Surface

2 2 

2/m2

PZ 22
559 229 973

PZ 27

PZ 35
575

PZ 40
3263

PZ/PS
PZ/PS Hot Rolled Steel Sheet Pile

SECTION

Width 
(w)

in

Web 
(tw)

in

Maximum 
Interlock 
Strength

k/in

Minimum 
Cell 

Diameter*

Cross 

Area

in2

2

WEIGHT
 
 

Modulus

in3

3

Moment 
 

in

COATING AREA

Pile Wall 

2

2

Both 
Sides

2

2

Wall 
Surface

2 2 

2/m2

PS 27.5
221

PS 31
221

 



Technical Hotline: 1-866-875-9546  |  engineering@skylinesteel.com6

PZ/PS
PZ/PS Hot Rolled Steel Sheet Pile

Available Steel Grades

ASTM

PZ PS

YIELD STRENGTH YIELD STRENGTH INTERLOCK STRENGTH

39 39 16

ASTM A 6

Length

Maximum Rolled Lengths*

PZ

PS 65 feet

120º

5.91" 

150 mm

90º

9.84" 

250 mm

9.84" 

250 mm

10.16" 

258 mm

30º - 45º

9.84" 

250 mm

9.84" 

250 mm

FC - MC -

4" 

101.6 mm

4" 

101.6 mm

Length of T and

Angle Varies

T Pile
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SECTION

Width 
(w)

in

Height 
(h)

in

Thickness 
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A Project Delivery Company 
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51331 W. Pontiac Trail Wixom, MI 48393 248.486.5100 Main 248.486.5050 Fax 

GENERAL NOTES FOR SOIL CLASSIFICATION

STANDARD PENETRATION TEST:  Driving a 2” outside diameter, 1-3/8” inside diameter sampler a distance of 18 
inches into undisturbed soil with a 140 pound hammer free falling a distance of 30 inches.  The sampler is driven 
three successive 6-inch increments.  The number of blows required for the last 12 inches of penetration is termed 
the Standard Penetration Resistance (N).

GROUNDWATER:  Observations are made at the times indicated on logs.  Porosity of soil strata, weather 
conditions and site topography may cause changes in the water levels.

SOIL CLASSIFICATION PROCEDURE:  Classification on the logs is generally made by visual inspection.  For 
fine-grained soils (silt, clay and combinations thereof), the classification is primarily based upon plasticity. For 
coarse-grained soils (sand and gravel), the classification is based upon particle size distribution.  Minor soil 
constituents are reported as “trace” (0-5%), “some” (5-12%) and “with” (15-29%).  Where the minor constituents 
are in excess of 29%, an adjective is used preceding the major constituent name (i.e. for sands containing 35% 
silt, the soil is classified as silty sand). 

PARTICLE SIZE DISTRIBUTION

Boulders - Greater than 12 inches average diameter
Cobbles - 3 inches to 12 inches
Gravel –

Coarse - ¾ inches to 3 inches
Fine - No. 4 (4.75mm) to ¾ inches

Sand –
Coarse - No. 10 (2.00mm) to No. 4 (4.75mm)
Medium - No. 40 (0.425mm) to No. 10 (2.00mm)
Fine - No. 200 (0.075mm) to No. 40 (0.425mm)

Silt and Clay - Less than 0.075mm, Classification based upon plasticity.
Generally silt particles size ranges from 0.005mm to 0.075mm
and clay particle size is less than 0.005mm.

CONSISTENCY OF FINE GRAINED SOILS IN TERMS
OF UNCONFINED COMPRESSIVE STRENGTH AND N-VALUES

Unconfined Compressive Strength
Consistency (Tons per square foot) Approximate range of N

Very Soft Less than 0.25 0 - 2
Soft 0.25 to 0.5 3 - 4
Medium Stiff 0.5 to 1.0 5 - 8
Stiff 1.0 to 2.0 9 - 15
Very Stiff 2.0 to 4.0 16 - 30
Hard over 4.0 over 31

RELATIVE DENSITY OF COARSE GRAINED SOILS ACCORDING TO N-VALUES

Density Classification Relative Density, % Approximate Range of N
Very Loose 0 – 15 0 – 4
Loose 16 – 35 5 – 10
Medium Dense 36 - 65 11 - 30
Dense 66 - 85 31 – 50
Very Dense 86 – 100 over 50

Relative density of cohesionless soils is based upon an evaluation of the Standard Penetration Resistance (N), 
modified as required for overburden pressure.
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1. Executive Summary 
The stormwater model calibration and analysis project (SWM project) began in July 2012 with an 

expected 2.5 - 3 year timeline. Preliminary model calibration was performed in 2012 using available data 

sources, additional calibration data was collected in 2013, and final model calibration and analysis using 

the collected information was completed in 2014. Project documentation, including this report, was 

finalized in early 2015. 

A. Purpose: 
The overall goal of the SWM project was to develop the computer model as a stormwater analysis tool 

for the entire City of Ann Arbor drainage system and to provide answers to the City’s current 

stormwater system management questions. Specifically, the project developed to address the following 

objectives: 

 Provide an accurate stormwater model of the entire City of Ann Arbor conveyance system, 

calibrated and validated using collected flow and rainfall data 

 Involve stakeholders and interested citizens in the project to build awareness of the stormwater 

collection system and assist with the collection of stormwater system information for large 

rainfall events. 

 Analyze existing stormwater system performance to determine the current level of service 

provided to the residents of the City of Ann Arbor and to recommend improvements to the 

stormwater system. 

 Evaluate the effectiveness of potential stormwater management strategies to determine the 

return on these investments. 

 Utilize the results of the updated model to provide a comparison point for the existing FEMA 

Flood Insurance Rate Map (FIRM) 100-year floodplain delineation. 

 Implement a modeling strategy that will allow for flexibility to address climate change and other 

future changes with the stormwater system or with stormwater management policies. 

B. Model Configuration:  
To accomplish these objectives, the stormwater model needed to include stormwater conveyance items 

beyond just stormwater pipes and open channels.  The elements included in the analysis are presented 

in Figure 1-1 on the next page, and described below: 

 Catchment Areas – A detailed analysis of the areas tributary to the stormwater system inlets 

was performed in a previous phase of stormwater model development. These catchment areas 

and inlet locations were updated based on the stormwater data collection and analysis 

activities. 

 Conveyance System – The stormwater computer model was developed using the available 

information collected in a previous phase of stormwater model development for stormwater 

inlets, pipes, manholes, open channels, 300 existing stormwater basins, and outfalls.  The 

engineering characteristics of these elements including sizes, slopes, and material of 

construction were incorporated into the model setup to allow the stormwater conveyance 

through this network. 

 Street Conveyance – Since the stormwater model was intended for simulation work for large 

events, it explicitly incorporated the street system as conveyance elements where this takes 
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place in the system. This provided an accurate representation of the movement of water 

throughout the City of Ann Arbor. 

 Surface Storage/Conveyance – For more detailed simulations of the movement and extent of 

stored water, the surface storage and conveyance system in areas where stormwater was 

known to accumulate was explicitly incorporated into the stormwater model. 

Figure 1-1 – Stormwater System Components  

 

C. Major Project Outcomes: 
The primary outcome of the SWM project is the delivery of the calibrated stormwater model itself. The 

City’s investment in this project has allowed for the development of a tool for municipal stormwater 

management that is highly complex and refined. The model is capable of providing valuable information 

for various applications, from green infrastructure planning and stormwater system design, to floodplain 

analysis and emergency management. Output from the model for each of these applications can be 

relied upon confidently as the best information available. Most critically, the model can continue to be 

utilized easily and efficiently by the City to help optimize the allocation of stormwater utility funding.  

Following are the major findings that developed from the stormwater analysis work: 

       Model Pipes/Open Channel 

         1D Overland Flow Channel 

         2D Mesh Surface 
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 Majority of City Meets the Design Standard Level of Service – The analysis work has determined 

that the stormwater conveyance system is, in general, performing at a consistent design level of 

service for most areas of the City. The current stormwater system design standard for the City of 

Ann Arbor is the 10% annual exceedance probability (AEP), 12-hour storm.  This storm is 2.9” of 

rainfall using NOAA Atlas 14 rainfall volumes. However, in the Allen Creek watershed and in the 

Malletts Creek watershed, there are areas where surface flooding is predicted during the 10% 

AEP storm and in some cases during the 20% AEP storm. It is important to note that design 

storm standards have increased periodically so that much of the City’s stormwater system was 

designed and built to handle a smaller storm as compared to the current 10% AEP storm. 

 Recommended Improvements Developed to Address Level of Service Concerns – To address 

these limitations in the level of service in these locations, a total of 16 study areas were 

evaluated for potential stormwater system improvements and these improvements were 

presented in a series of public meetings in November, 2014. The recommended improvements 

will be considered as part of the City’s CIP Programming process. The total estimated capital 

cost of the recommended stormwater improvements was determined to be approximately $34 

million in year 2017 dollars. These recommended improvements do not include the cost of long-

term stormwater management strategies that were recommended specifically for the Allen 

Creek watershed, which are estimated to be another $80 million to $120 million. 

 Green Streets and Rain Garden Policies Yield Expected Stormwater Benefits – The evaluation of 

stormwater management strategies under future implementation timelines indicated that the 

City should continue with incorporating the Green Streets Policy with street redesign projects 

and promoting the residential rain garden programs. There should also be significant efforts put 

into encouraging compliance with new development standards during redevelopment of 

commercial, multi-family, and school or University properties. 

 FEMA Floodplain Comparison Developed – A floodplain delineation was performed using flow 

and water level data generated by the new InfoSWMM model for the 1% annual exceedance 

probability (AEP) storm. Using NOAA Atlas 14 rainfall volumes, this storm is a 5.11” rain event 

over 24 hours. The 1% AEP floodplain delineation generated using the newer data was 

compared with the existing FEMA Flood Insurance Rate Map (FIRM) floodplain contours. 

 Project Documentation will Allow Continued Stormwater Analysis – Project documentation is 

being provided to the City, including archives of project files and model files. Training sessions 

and written procedures for model updates and storm scenario updates have been prepared that 

will allow City staff to continue to utilize the stormwater model as a system management tool. 

 



Stormwater Model Calibration and Analysis 

Page 4 

2. Project Structure 
This project is the second element of the stormwater system management program which the City of 

Ann Arbor (City) has implemented as follows: 

 Stormwater GIS and Model Project (SGM); 2006-2009: This project included review of as-built 

drawings for stormwater system facilities, creation of a provisional geographic information 

system (GIS), collection of flow and rainfall data for large tributary areas, and conversion of the 

GIS to an InfoSWMM base hydraulic model. InfoSWMM is the hydraulic modeling software that 

was selected by the City of Ann Arbor to integrate modeling activities with the ArcGIS software 

which is used to manage the utility information. InfoSWMM software is constructed around the 

Environmental Protection Agency Stormwater Management Model (EPA SWMM) dynamic 

rainfall-runoff model. 

 Stormwater Model Calibration and Analysis Project (SWM); 2012-2015: This project included 

two phases, with the first focused on calibration, and the second focused on analysis. 

o Phase I – Preliminary calibration, data collection, final calibration of the stormwater 

model 

o Phase II – Use of the calibrated model to perform an analysis of the level of services, 

review of the stormwater improvements needed to meet the level of service desired, 

and modeling to allow a comparison of the floodplain defined by the separate FEMA 

model analysis 

This purpose of this report is to serve as a single source of project information, with a primary focus on 

the Phase II analysis, results, and recommendations. 

Individual task summaries developed for the SWM project are provided as a reference, and directions to 

obtain more detailed versions of project documentation and output are included. 

A. Task 1 – Phase I Public Engagement 
The objective of this task was to understand the community issues and concerns with the management 

of stormwater that should be addressed throughout the project. It was also intended to gain an 

understanding of the specific stormwater-related questions and concerns in different sections of the city 

to help focus the modeling in these areas. 

Work on Task 1 included development of a public engagement strategy, management of the City’s 

project website, and the development of a stormwater advisory group (SWAG), which helped to plan 

and implement the public engagement strategy. The primary public engagement work item in Phase I 

was a series of seven public meetings held throughout the City during 2013 to gather information about 

experiences of the residents in these different areas with stormwater and their expectations for the 

City’s stormwater management programs. This information was also obtained via a community-wide 

online stormwater survey that ran in parallel with the public outreach work.  The Phase I public 

engagement effort was summarized in a Phase I Technical Memorandum, which can be found as part of 

the project file archive. 
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Another aspect of the Task 1 work was initial engagement with the City’s Technical Oversight and 

Advisory Group (TOAG) for wet-weather projects. At interim steps during the project, City staff and/or 

CDM Smith staff presented project updates.  Formal project presentations were made to the TOAG on 

March 20, 2014 at the end of final model calibration and on December 11, 2014, following the public 

meeting presentations. The TOAG group will also be assisting with review of the final project report in 

spring 2015. 

B. Task 2 – Preliminary Model Calibration and Validation 
The objective of this task was to utilize the stormwater model assembled under the prior project and 

utilize previously collected rainfall, flow, and level data to perform a preliminary calibration of the 

stormwater model. This version of the model was also validated using independent storm events to 

evaluate the stormwater model performance and to generate recommendations for model 

improvements. 

During this task, model updates were made to incorporate recent changes in infrastructure or 

hydrology. A field verification task was utilized to perform additional field investigation to verify key 

topographic or hydraulic elevations. The model was also updated to account for physical inlet 

restrictions and for sump pump flows generated by the Footing Drain Disconnect (FDD) Program. 

A preliminary model calibration effort was performed using stormwater flow and level data collected 

during the 2007 Stormwater GIS and Model (SGM) project. The 2007 data set was supplemented with 

records from long term USGS gauges located at the outlets of Allen Creek and Malletts Creek. Model 

simulation output was compared to the flow data, and the model parameters were iteratively adjusted 

to align model performance to be reflective of the measured data. Validation storms were used to 

evaluate model performance after calibration, which helped to understand locations where additional 

flow and rainfall data would be helpful to prepare a better model.  

The preliminary calibration task was summarized in a preliminary calibration technical memorandum, 

which was provided to the City of Ann Arbor in 2013. The preliminary calibration report concluded that 

additional data collection and calibration should be performed for the following reasons: 

 The dormant season model calibration was limited due by the lack of dormant season 

calibration events. Additional soil parameter calibration was needed to improve dormant 

season calibration. 

 Provide additional support for upstream boundary conditions for locations where 

stormwater flows enter the City. The City’s stormwater system does not extend into these 

areas but the stormwater behavior in these areas directly affects the City system and must 

be included in the model. These selected locations included Traver Creek at M-14 and 

Malletts Creek at I-94. 

 Collect data for better model refinement in selected study locations. Since the 2007 data 

collection effort, large storms had highlighted collection system performance and level of 

service concerns in Malletts Creek and along lower Allen Creek. Additional monitoring of 

major branches of these creeksheds was recommended. 

 Improve calibration and validation to meet percent difference goals of 15% on volume and 

20% on peak flow, when comparing model-predicted values to monitored values. 
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C. Task 3 – Data Collection 
The objectives of Task 3 were to develop a monitoring plan to collect additional flow and rainfall data 

and implement the monitoring plan at the selected locations.  

Along with the three USGS stream gauges at the Allen Creek mouth, Doyle Park and the Malletts Creek 

mouth, a total of 15 temporary flow monitors were installed throughout the City and used to monitor 

system performance between March and November 2013 to support final model calibration efforts. 

Figure 2-1 and Table 2-1 show the location of these monitors and their tributary areas.  

 Figure 2-1 – 2013 Flow Monitor Locations and Tributary Areas  
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Table 2-1 – Flow Monitor Tributary Area Characteristics 

Watershed 
Site 

# 

Area 

(acre) 

Impervious 

% 

Structure 

ID 
Notes 

Dates 

Installed 

(all 2013) 

Allen 

1* 1,003 55 92-61836 

Upstream 30% of Allen Creek 

tributary area (south) 

In FEMA floodplain 

3/29 – 11/26 
2* 557 48 92-60256 Murray-Washington Drain 

3 244 41 92-60016 
Eberwhite Drain 

2007 Monitor Site #3 

4 Number not used  

5* 812 42 
92-

063256 

Immediate downstream of 2007 

Monitor Site #2. Monitor both 

branches west of West Park 

3/29 – 6/22, 

7/10 – 11/26 

Malletts 

6* 222 45 92-52016 
2007 Monitor Site #6 

Upstream of Lansdowne area 
4/10 – 11/26 

7* 392 33 92-52033 
Upstream of Lansdowne area 

(west of I-94) 

8* 1,283 42 92-51565 Lansdowne + Eisenhower 3/29 – 11/26 

9* 1,459 45 92-50565 

Portion of Malletts Creek 

tributary area with no in-line 

detention ponds 

4/12 – 11/26 

10* 152 31 92-50865 2007 Monitor Site #10 4/10 – 11/26 

UP_ 

MA* 
228 30 92-52034 

For Upper Malletts Creek 

project 

Township area bounded by I-94, 

Oak Valley Blvd, AA District 

Library and  Scio Church Rd 

5/10 – 11/26 

Swift Run 
11* 1,631 18 91-51339 

Swift Run before exiting Ann 

Arbor (level-only gauge) 

4/30 – 6/23, 

7/25 – 11/26 

12 Number not used  

Millers 13 969 38 91-51591 Downstream monitoring 4/12 – 11/26 



Stormwater Model Calibration and Analysis 

Page 8 

Watershed 
Site 

# 

Area 

(acre) 

Impervious 

% 

Structure 

ID 
Notes 

Dates 

Installed 

(all 2013) 

14 90 40 92-54857 Georgetown area 3/29 – 11/26 

Traver 

15* 4,466 13 91-50318 

Flow meter at the box culvert 

immediate downstream of 

HRWC level gauge 4/10 – 11/26 

16* 2,648 5 91-50193 
Monitor runoff response from 

rural areas outside Ann Arbor 

* Located in County Drain 

For each location the area, imperviousness, structure identification number, and various comments are 

provided in the table. Except for the Swift Run site where only a level probe was installed, Teledyne ISCO 

2150 area-velocity flow modules were deployed to measure level, velocity and flows at each site. Data 

were downloaded on-site and reviewed on a monthly basis. The collected information was corrected 

when data quality was deemed poor. Typically this was due to velocity sensor errors, but level data were 

generally available and consistent. Calculations based on the Manning’s equation (see below) and stage-

discharge relationships were developed for most of the sites to allow for correction of flow data using 

level only. 

Figure 2-2 – Conceptual Description of Manning’s Equation 

 

Data from 12 ground-based rain gauges from different sources were collected to support the model 

calibration efforts. New rain gauges were installed at North Campus and at City Hall as part of this 

project. The gauges used during calibration included the following locations: 

 Permanent City-maintained rain gauges: Barton Dam, Jackson Road, South Industrial, North 

Campus, City Hall 

 Temporary rain gauges installed for the Sanitary Sewer Wet Weather Evaluation Project: 

Glen Leven, Morehead, Bromley, Dartmoor, Orchard Hills 

 Rain gauges from National Oceanic and Atmospheric Administration (NOAA) / National 

Weather Service (NWS): KARB (located at Ann Arbor Airport) 

 Carpenter Elementary School gauge (KMIANNAR38) available on Weather Underground 
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Figure 2-2 shows the location of rain gauges. These gauges were used to calibrate radar rainfall data and 

compute rainfall volume for each model subcatchment. Issues with the power supply and with gauge 

operation were frequently noted for the South Industrial gauge during the data collection period. As a 

result, this site was not used for analysis for some of the calibration and validation events. The South 

Industrial gauge was later relocated as part of this project and the power supply issues have also been 

resolved.  

Figure 2-3 – Rain Gauges for Final Model Calibration  

 

To supplement the flow and rainfall data, a program was established to gather observational data of 

surface flooding and other stormwater behavior at targeted sites throughout the City. With input from 

City staff and neighborhood groups, a total of 42 locations were identified for Large Event Data 
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Gathering (LEDG). The data collection plan for these sites (shown in Figure 2-3) consisted of two 

components: 

 Storm corps observations – Citizen volunteers worked with established observation sites to 

document the extent of flooding during large rain events. Photographs and visual observations 

were also collected. 

 Crest-stage gauges - Crest-stage gauges were installed at locations around the City of Ann Arbor 

watersheds to understand the runoff response and extent of flooding during intense storm 

events. These gauges recorded maximum water levels for large events. 

Figure 2-4 – Large Event Data Gathering Sites 

 

Table 2-2 shows a list of site IDs and locations for the LEDG sites. The majority of the sites were located 

in the Allen and Malletts Creek watersheds (16 and 15 respectively). Frequent street flooding was 
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reported at these sites during intense storm events in the past and the locations were refined using 

citizen reports gathered at neighborhood stormwater meetings in January through March of 2013.  

Table 2-2 – List of Large Event Data Gathering Sites 

Allen Creek Malletts Creek 

ID Location ID Location 

1 1st and Kingsley 6 Eisenhower and Plaza Dr 

2 Depot/4th/Summit 8 2295 Chaucer Ct 

3 First and William 9 1115 Morehead Ct 

4 Hill and Division 10 Churchill/Wiltshire Intersection 

5 Park Place Apartments 11 2279 Mershon 

7 306 Mulholland 15 Brentwood Sq. 

14 Edgewood and Snyder 20 State and Mall Dr 

17 Davis and S Main 24 Parkwood and Fernwood 

21 I-94 and Jackson 26 Doyle Park dam 

22 West Park 27 Avondale and Catalina 

28 
504 Maple Ridge (south of 

Arborview) 29 Englewood and Manitou 

30 Bemidji and Montgomery 32 Meri Lou Murray Recreation Center 

31 Felch/N. Ashley intersection 33 Signature and Waymarket 

34 Madison and 4th (Fingerle) 37 Iroquois south of Stadium 

36 1128 White St 42 Geddes and Linden 

38 
Behind Glendale Circle (west of 

Virginia Park)  

Millers Creek Swift Run 

ID Location ID Location 

16 2369 Georgetown (south of Bluett) 23 University Townhouses 

18 Prairie and Briarcliff 25 Packard and Pittsfield 

  40 Swift Run at Clark Rd 

Traver Creek Tributary to Huron River 

ID Location ID Location 

12 Traver Creek at Nielsen Ct 35 Geddes/Fuller/Huron Pkwy 

13 

Plymouth Park adjacent to Manna 

Market 39 Newport Creek at Newport Rd 

19 Traver Creek at Barton Dr 41 Huron Hills Golf Course 

 
LEDG data was used during calibration to validate flooding predictions. It was also used during the 

existing conditions modeling to assist in the delineation of localized flooding areas.  

Data collected from rainfall and flow monitoring, as well as from the LEDG program, has been provided 

to the City as part of the final data files for the project.  
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D. Task 4 – Final Model Calibration and Validation 
The objective of Task 4 was to utilize the preliminary calibrated model and newly collected flow and 

rainfall data to provide final model calibration and validation.  

Prior to final calibration, the model hydrology and hydraulics were updated to 2013 conditions. 

Significant changes are described as follows: 

 New or modified stormwater facilities were included for West Park, County Farm Park, and for 

the Traver Creek improvements in Leslie Park Golf Course. 

 FDD flows were added to the model and represented as Rainfall Dependent Inflow/Infiltration 

(RDII) hydrographs. This allowed for analysis of different FDD Program scenarios without having 

to manually adjust hydrologic parameters. The FDD scenario evaluations were presented in an 

FDD Flows Technical Memorandum, dated November 20, 2013. This tech memo can be found in 

the final project documentation. 

 1D and 2D overland flow channels were also incorporated into the model for calibration. 1D 

refers to one-dimensional modeling, where overland flow is represented by a secondary model 

link between the two manholes. In 2D, or two-dimensional modeling, overland flows is 

represented by surface polygons that are based on elevation contour data. Figure 2-4 shows the 

areas with 1D and 2D overland flow surfaces. The 2D surface occupies more than 10% of the 

model area, mostly located within Federal Emergency Management Agency (FEMA) 100-year 

floodplain and flood-prone areas. 
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Figure 2-5 – Model Overland Flow Channels and 2D Surface Locations

 

In general, the model updates were made to align the model framework with the actual system 

conditions present during the 2013 monitoring period. 

Final calibration was performed to refine and improve the model parameters established in preliminary 

calibration. The detailed process and results of calibration are presented in Section 3 of this report, and 

in the Final Calibration Report.  

E. Task 5 – Phase I Documentation 
The objective of Task 5 was to provide comprehensive documentation of the model update and 

calibration processes for future reference. This was accomplished primarily in the delivery of the project 

model, which includes all calibration scenarios as part of the InfoSWMM scenario manager. 

This task also included delivery of an archive of project data files and documentation, including the flow 

and rainfall data, GIS data files generated throughout the project, and other administrative 

documentation. 

       Model Pipes/Open Channel 

       1D Overland Flow Channel 

       2D Mesh Surface 
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Phase I work was summarized in the final calibration report, which can be found in the project data file 

archive.  

F. Task 6 – Procedures 
The objective of Task 6 was to provide written support to City of Ann Arbor staff that will routinely use 

or update the model with new stormwater management features, infrastructure changes, or with new 

design storm information.  

The model procedures were developed in conjunction with the model training sessions described in Task 

7. These written procedure documents cover the steps needed to incorporate new BMPs or other 

stormwater improvements into the model. A separate procedure document was created to explain 

storm update procedures, which could be used to modify design storm information or to create a new 

storm scenario altogether. 

G. Task 7 – Training 
The objective of Task 7 was to develop training materials and provide both general and detailed training 

for the newly developed modeling tools. Detailed training sessions were held on March 2-3, 2015 with 

City staff who will be the primary model users. General training to explain the model development and 

model applications was held on March 24, 2015. The training presentations were included as handouts 

in each session and copies are also included in the project file archives.  

H. Task 8 – Phase II Public Engagement 
The objective of Task 8 was to continue the information sharing and public education processes that 

were established in Phase I, while adding new activities to disseminate project results and 

recommendations. 

Three public meetings were held in November 2014, with dates and times selected to enable maximum 

community participation:  

 Wednesday, November 5 – 6:30 p.m.  Ann Arbor District Library – Downtown  

 Thursday, November 6 – 10:00 a.m.  Ann Arbor District Library – Downtown  

 Sunday, November 9 – 2:30 p.m.  Ann Arbor District Library – Malletts Creek  

 

The purpose of these meetings was to share the project’s findings, including proposed 

recommendations and the rationale behind each.  Meeting attendees were invited to indicate their level 

of interest among all the geographic areas in which recommended system improvements were 

proposed, in order to properly prioritize the contents of the presentation. 

The other new public engagement activity in Phase II was the development of a stormwater video that 

would help to draw attention to the project and to stormwater management issues facing the City of 

Ann Arbor. The stormwater video entered production in March 2015 and will be released near the end 

of the project schedule. 

I. Task 9 – Model Analysis and Recommendations 
The objective of Task 9 was to utilize the final calibrated model to evaluate the performance of the 

stormwater drainage system throughout the City of Ann Arbor and to identify and analyze proposed 

improvements. 
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The basis for evaluating the existing conditions performance of the stormwater system performance 

was a series of design storm scenarios, that include different volumes and rainfall distributions based on 

the annual exceedance probability (AEP) standards established in NOAA Atlas 14. A range of storms was 

analyzed from 100% AEP to 0.2% AEP. In general, the 10% AEP, 12-hour duration storm and the 20% 

AEP, 1-hour duration storm were used to evaluate the level of service being provided by the stormwater 

system. The 10% AEP storm is the current stormwater design standard, but most areas of the City were 

constructed to a smaller storm recurrence standard and at a time when the storm volumes associated 

with the standards were smaller. Analysis of the 20% storm allowed for identification of areas that 

would first begin to have capacity problems as the storm size increases. 

Locations were identified where the current pipe capacity cannot convey the flows generated by these 

storms, and where surface flooding occurs as a result of the capacity shortfall. A list of study locations 

was developed and potential stormwater improvement alternatives were considered for each location. 

These included alternatives for stormwater Best Management Practices (BMPs), local and regional 

stormwater storage, and conveyance improvements.  

The calibrated model was also used to analyze stormwater management impacts. For future condition 

scenarios, the model was used to predict the impacts of broad stormwater management initiatives, such 

as residential rain gardens, commercial property redevelopment, and the City’s Green Streets program 

for stormwater management in right-of-way (ROW) areas.  

Details on the model analysis work and stormwater improvement recommendations are included in 

Sections 4 and 5 of this report.  

J. Task 10 – Verify FEMA Mapping 
The objective of Task 10 was to compare the calibrated model results to existing FEMA Flood Insurance 

Rate Map (FIRM) flood mapping to provide the City with an additional source of flood level data that 

could be used for future floodplain analysis and management. 

The InfoSWMM model was used with a 1% AEP, 24-hour storm, and peak flows and peak water surface 

elevation (WSEL) data were generated. The water surface elevations from the model were then used to 

delineate floodplain contours using the latest Light Detection and Ranging (LiDAR)-based topographic 

data and differences between the model-based contours and the FEMA FIRM floodplain contours were 

compiled. The comparison data was provided to the City of Ann Arbor to support future floodplain 

management decisions.  

K. Task 11 – Documentation 
Final documentation for the project includes this final report, along with project model files and data 

files generated during Phase II activities. 
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3. Stormwater Modeling 

A. Model background and calibration 
Preliminary calibration of the stormwater model was performed using available flow monitoring data 

collected by CDM Smith as part of the Stormwater GIS and Model development (SGM) project. The SGM 

flow data from 2007 was supplemented with United States Geologic Service (USGS) flow data from long 

term flow gauges. In total, nine (9) storm events from May 2007 to March 2012 were selected for the 

preliminary calibration effort.  It was found that during the growth-season events, model results were 

generally within 15% of volumes and 20% of peak flows observed at the monitors and USGS gauges.  

A percent difference of 15% for volume and of 20% for peak flows were the initial targets used by CDM 

Smith to evaluate the effectiveness of calibration, based on experience with other stormwater models 

of similar size and level detail. The model was validated using three (3) storm events from 2007 and was 

generally within 20% of volumes for monitored flows. The peak flow comparison was also within 20% for 

most meter areas, but there were some areas with wider variability (in the range of 50% difference) 

between model-predicted and monitor-observed flows.  

The preliminary calibration report concluded that additional data collection and calibration should be 

performed for the following reasons: 

 The dormant season model calibration was limited due by the lack of dormant season 

calibration events. Additional soil parameter calibration will be needed to improve dormant 

season calibration. 

 Provide additional support for upstream boundary conditions for locations where 

stormwater flows enter the City. These include Traver Creek at M-14 and Malletts Creek at I-

94 

 Collect data for better model refinement in expected study locations. Since the 2007 data 

collection effort, large storms have highlighted collection system performance and level of 

service concerns in Malletts Creek and along lower Allen Creek. Additional monitoring of 

major branches of these creeksheds was recommended. 

 Improve calibration and validation to meet percent difference goals of 15% on volume and 

20% on peak flow, when comparing model-predicted values to monitored values. 

The preliminary calibration report, submitted in 2013, included the conclusions above and 

recommended additional flow and rainfall monitoring in 2013 to be used for a final model calibration. 

Final calibration and validation were performed in early 2014, using the flow and rainfall data collected 

during 2013.  

i. Storm Events for Calibration 
Unlike 2007, the monitoring period between March and November 2013 yielded a few large events that 

significantly tested the performance of the storm drainage system. That includes the June 27th 2013 

event that caused surface flooding in parts of the Allen Creek and Malletts Creek watersheds. A total of 

seven 2013 storm events of various volumes were selected for calibration (Table 3-1). 
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Table 3-1 – Summary of Calibration and Validation Events 

# Date 
Precip Total 

(in) 
Sources Season 

1 6/27/2013 1.1 – 3.0 calibrated radar rain data growth 

2 8/12/2013 1.7 – 2.9 calibrated radar rain data growth 

3 10/31/2013 1.5 – 1.9 calibrated radar rain data growth* 

4 6/13/2013 1.3 – 1.8 calibrated radar rain data growth 

5 4/17/2013 1.3 – 1.6 ground gauges 
dormant/growth 

transition 

6 7/9/2013 0.1 – 1.2 ground gauges growth 

7 8/27/2013 0.3 – 0.6 ground gauges growth 
         * This low-intensity long-duration event was observed to behave like growth season event after calibration 

The total precipitation (measured at individual gauges) of these events ranged from 0.1 inches to 3.0 

inches. 5-minute calibrated radar rainfall data in 1km x 1km resolution were purchased from Vieux Inc. 

for the four largest events. For the other events, precipitation at each subcatchment was computed with 

ground gauge records with inverse-distance-weighted interpolation, which assigns precipitation to each 

subcatchment using a weighted calculation based on the nearest ground gauges. 

ii. Calibration Methods 
The model calibration was performed using an iterative approach by refining the following model 

parameters to match model-simulated hydrographs with flow monitoring data: 

 Green-Ampt infiltration parameters 

 Percent of runoff routed from impervious to pervious surface (related to % of directly-

connected impervious surface) 

 Subcatchment width (overland flow length) 

 Manning’s n (roughness coefficient) for impervious and pervious surface 

 Depression storage for impervious and pervious surface (negligible on larger storms) 

Due to the model’s large scale, the calibration first started by matching flow hydrographs at 

downstream gauges (USGS stream gauges at Allen Creek, Doyle Park and Malletts Creek mouth, Swift 

Run (#11), Millers Creek (#13) and Traver Creek (#15)).  This first calibration step was then followed by 

matching the flow hydrographs for the upstream temporary monitors. In addition, there was an 

emphasis placed on matching flow hydrographs for the larger storms rather than the smaller storms. 

iii. Calibrated Model Parameters 
During the final round of model calibration, model parameters were fine-tuned to reflect the new 

hydrologic conditions as discussed below: 

Soil Parameters 

The soil parameters in the model affect the amount of rainfall that is predicted to infiltrate into the 

ground. Originally, four different soil types were set up in model setting based on the Hydrologic Soil 

Group (HSG) Soil Group (A, B, C and D). After going through the iterative calibration process and upon 

further review of the United States Department of Agriculture (USDA) Soil Map and potential soil 
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infiltration rates, an additional soil parameter group (B1) was added. The monitor #14 (Georgetown) 

area has primarily type B soil according to the USDA Soils Map, but the model continued to over-

estimate runoff peak and volume. A better match was obtained when the B1 soil parameter was used, 

which included increasing the soil infiltration rate from 1 in/hr to 1.8 in/hr.  

The Malletts Creek area upstream of the Mary Beth Doyle Park pond is primarily of type C soil, but the 

USDA Soil Map showed that the soil infiltration rates of the first foot of soil more closely resemble type 

B soil. To better match the storm sewer hydrographs for these storm events, these areas were assigned 

to have type B soil. Soil classification data is shown in Figure 3-1. 

Figure 3-1 – Hydrologic Soil Groups (HSG) for stormwater model areas 

 

The dormant season soil parameters were not adjusted from the 2007 parameters because there were 

no large storm events during the dormant season in 2013.  
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Table 3-2 summarizes the Green-Ampt soil parameters assigned for each model soil type: 

Table 3-2 – Green-Ampt Infiltration Parameters 

Model Soil Type 

Suction (in), Conductivity (in/hr), Initial Deficit (fraction) 

Growth Season 
Dormant/Growth 

Transition 

Dormant Season  

(May 2010, Nov 2011) 

A 2.41, 2.35, 0.312 3.94, 0.7, 0.221 3.75, 0.5, 0.191 

B 4.15, 1.0, 0.252 
4.97, 0.4, 0.182 8.19, 0.15, 0.149 

B1 4.15, 1.8, 0.252 

C 6.2, 0.3, 0.174 9.86, 0.06, 0.096 12.45, 0.02, 0.079 

D 7.52, 0.2, 0.158 12.45, 0.02, 0.079 12.93, 0.01, 0.073 

Percent Runoff Routing from Impervious to Pervious Surface 

This parameter is related to the directly-connected impervious surface, and has important impacts on 

runoff volume. It was assigned to a range of values primarily based on land use and land cover. 

Compared to preliminary calibration, the percentages were increased slightly as shown in Table 3-3. 

Subcatchment Width (Overland Flow Length) 

Overland flow length was simplified to either 100 or 150 feet in urban areas and 500 feet for rural areas. 

During preliminary calibration, the subcatchment width parameter was assigned as one of 12 different 

flow lengths ranging from 50 to 200 feet, based on subcatchment slope and imperviousness. These were 

within the range of typical values as suggested from the EPA SWMM Help Manual. 

Table 3-3 – Summary of % Runoff Routed to Pervious Surface Based on Land Use/Land Cover 

Land Use/  

Land Cover 

% Routed 

Preliminary Final 

Commercial 25 – 40 (mostly 25) 25 – 40 (mostly 40) 

Downtown (Imp >85%) 5 

Residential 56 – 68 60 – 72 

Road/parking lot 10 10 – 20 

Water body 0 

Wooded/non-developed area 90 – 100 

Manning’s n for Impervious and Pervious Surface (Overland Flow) 

The overland flow Manning’s n is a model parameter that relates to overland flow velocities, affecting 

both runoff and infiltration. Typical values were used for this parameter. It is set at 0.05 for impervious 

surfaces, and 0.2 for pervious surfaces. This parameter was found to have slight impact in shaping peak 

flows and volume in calibration. 

Depression Storage for Impervious and Pervious Surface 

Depression storage parameters represent the initial surface storage volume that is filled during a 

precipitation event prior to the start of any runoff. Assignment of these parameters was simplified 
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compared to preliminary calibration. Typical values were used: 0.08 inch for impervious surfaces, 0.16 

inch for grass areas, and 0.2 inch for wooded areas. 

iv. Calibration Results 
In general, the model was able to replicate the hydrographs at the USGS stream gauges and temporary 

flow monitors. The results were generally within 15% for volumes and 20% for peak flows, which match 

with calibration goals for a stormwater model of this size and complexity. 

Tables 3-4 and 3-5 show the event-specific percent difference in volume and peak flow for each monitor 

location. The percent difference in each case is calculated using the following formula: 

% 𝑫𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 =  
(𝑴𝒐𝒅𝒆𝒍 𝒑𝒓𝒆𝒅𝒊𝒄𝒕𝒆𝒅 𝒗𝒂𝒍𝒖𝒆 − 𝑴𝒐𝒏𝒊𝒕𝒐𝒓 𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 𝒗𝒂𝒍𝒖𝒆)

(𝑴𝒐𝒏𝒊𝒕𝒐𝒓 𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 𝒗𝒂𝒍𝒖𝒆)
 𝒙 𝟏𝟎𝟎%  

Figures 3-3 to 3-4 show hydrographs for some of the major monitors while the full version of the final 

calibration report includes all the hydrographs at these monitors and gauges for reference.   

Discussions of some of the outliers are as follows: 

 Monitor Sites #1 and #2 were surcharged/flooded during 6/27/13 storm. Flows were likely 

under-reported by the monitors at these sites during peak flow. 

 The model under-predicted flows for Traver Creek sites for 4/17 (#15 and #16), and 6/13 

(#15) storms by at least 30%. There seemed to be an unaccounted flow source from outside 

the city limits after those storm events. Review of nearby rain gauge data did not reveal 

additional precipitation in the vicinity. Additional field investigation work in Ann Arbor 

Township would be required to determine why the response for these storms varied from 

other storms for which the calibration was better matched. 

 Monitor #10 in the Malletts Creek watershed had good agreement on hydrologic response 

pattern but poor volume agreement for the 10/31/2013 event. Because other events for 

this monitor had more consistent agreement, this was likely due to monitor error, possibly 

from fall leaf debris. This was also the smallest monitored tributary area, with the lowest 

flows, making it more subject to this type of problem. 

 For the Swift Run monitoring site, the culvert configuration did not allow for installation of 

an ultrasonic flow meter. Instead, a continuous level monitor was installed, and a rating 

curve that had been developed in 2007 was used to calculate flow. The rating curve provides 

a correlation between the level monitor reading and a predicted flow rate. However, the 

measured flow rate values were much lower than model predictions, suggesting that the 

rating curve may not have been representative in 2013 (potentially due to changes in 

sediment levels in the culverts or changes in streambank characteristics). As a result, the 

model parameters were refined to match model-predicted levels with recorded levels for 

this site (#11) 
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Table 3-4 – % Difference for Model-Predicted Volume to Monitor-Observed Volume 

Flow Monitor 
Calibration 

6/27/13 8/12/13 10/31/13 6/13/13 4/17/13 7/9/13 8/27/13 

A
lle

n
 

1 66% 43% 18%  15% 1% 9% 

2 269% 9%     4% 

3 23% 16% -12% 12% -41% 22% 21% 

5  9% -3% 5% -1%  6% 

USGS 3% -1% 10% 4% -8% -7% -4% 

M
al

le
tt

s 
C

re
e

k 

6 -7% 6% 12% 3% -13% 11% 13% 

7 -15% -5% -6% -13% -21% -13% -2% 

8 8% 9% -7% -3% -11% 4% -27% 

9 19% 4% 12% -5% -15% 17% 33% 

10 4% 10% 107% 1% -15% 5% 11% 

UP_MA -10% 7% 14% -6%  7% 7% 

USGS Doyle 1% 2% -7% -3% -4% 2% 3% 

USGS 

Malletts 
1% -9% -8% 4% -12% -7% 6% 

SR
 

11 (level)   2% 0%       -3% 

M
ill

er
s 13   8%  -13% -25% 14% 17% 

14 -16% 9% 30% -2% -6% 19% 113% 

Tr
av

er
 

15 -4% -5% -3% -30% -32% -6% 1% 

16 -4% -5% 4% -4% -71% -2% 4% 

 

 For areas with open channels, there seemed to be a prolonged runoff response not 

effectively represented by the Green-Ampt infiltration model. This was apparent when 

monitored flows dropped off more slowly than the model prediction, lasting for many hours 

after the 4/17 event. This prolonged runoff response was represented by adding response 

hydrographs based on the Rainfall Dependent Inflow/Infiltration RTK method (RDII RTK) 

along the open channel reaches in Malletts Creek, Swift Run and Traver Creek. 

 The distance-weighted average of ground rain gauge data did not seem to be representative 

enough for the 8/27 event. Although the runoff volumes were matched within 15% for most 

of the sites, the model missed the first runoff peak as recorded by the flow monitors. 
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Table 3-5 – % Difference for Model-Predicted Flow Rate to Monitor-Observed Flow Rate 

Flow Monitor 
Calibration 

6/27/13 8/12/13 10/31/13 6/13/13 4/17/13 7/9/13 8/27/13 

A
lle

n
 

1 33% 41% 15%   46% -8% -10% 

2 184% 0%         -8% 

3 36% -6% 2% -5% -26% -23% -23% 

5   -3% 19% -4% 25%   -4% 

USGS -4% 2% -11% -11% -9% -4% -45% 

M
al

le
tt

s 
C

re
e

k 

6 31% 14% -16% 5% -4% -8% -26% 

7 29% -2% -6% -11% -38% -11% -18% 

8 20% 9% -19% -7% -16% 8% -25% 

9 -7% -1% 23% 10% -3% 2% -24% 

10 46% -4% 32% -7% 4% 16% -4% 

UP_MA 4% -10% 12% -6%  -10% -36% 

USGS Doyle -11% 17% 15% -9% 0% 10% -1% 

USGS 

Malletts 
-17% -24% -9% -11% -26% 13% -49% 

SR
 

11 (level)   -6% -3%       -31% 

M
ill

er
s 13   15%   6% -9% -12% -29% 

14 4% 11% 18% 16% -7% -10% 83% 

Tr
av

er
 

15 -11% -3% -13% -19% -19% 8% -45% 

16 -29% 9% -1% 2% -82% 4% 19% 
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Figure 3-2a-d – Flow Hydrographs for Major Monitors for 6/27/13 Event 

 

Figure 3-3a-d – Flow Hydrographs for Major Monitors for 8/12/13 Event 
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Figure 3-4a-d – Flow Hydrographs for Major Monitors for 6/13/13 Event 

 

B. Model Validation 

i. Validation Events 
Three (3) storm events in 2013 were selected for model validation. The total precipitation for these 

events ranged from 0.1 inches for the 7/27 event to 1.6 inches for the 10/5/2013 event. Table 3-6 

summarizes the range of precipitation computed for the monitoring districts for each of the validation 

events.  

Table 3-6 – Summary of Validation Events 

# Date 
Precip Total 

(in) 
Sources Season 

1 10/5/2013 1.3 – 1.6 ground gauges growth 

2 11/17/2013 0.6 – 0.8 ground gauges dormant 

3 7/27/2013 0.1 – 0.5 ground gauges growth 
 

ii. Validation Results 
Table 3-7 summarizes the comparison of runoff volume and peak flow values between the model-

predicted and monitor-observed data. As with the calibration comparison, the validation results are 

presented in terms of a % difference. The comparison was made at all gauges with available data, 

including the USGS gauges.  
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Table 3-7 – % Difference for Model-Predicted vs. Monitor-Observed Volume/Peak Flow 

More calibration information is available in the final calibration report, which shows all of the calibration 

hydrographs at each monitor for each event. In general, the model-predicted flows and volumes were 

within 15% of recorded data. As noted earlier, this falls within the expected range of agreement for 

stormwater models of this size and level of detail.  

The calibration and validation work performed with 2013 data had good agreement between model-

predicted values and monitor-observed values for volume and flow rate. Adjustments were made to the 

preliminary model parameters to improve the model performance, including: 

Flow Monitor 
Volume Peak 

7/27/13 10/5/13 11/17/13 7/27/13 10/5/13 11/17/13 

A
ll

en
 

1 21% 13% 11% -8% 0% 7% 

2 -4%   0% -11%  

3 13% 18% -14% -25% -6% -27% 

5  4% 6%  17% 26% 

USGS 6% 9% 13% -8% -11% -13% 

M
a

ll
et

ts
 C

re
ek

 

6 12% 11% -10% -16% -4% 9% 

7 3% 1% -16% 18% -6% -13% 

8 -14% -3% 4% 7% 7% -7% 

9 23% 72% 5% -16% -6% 10% 

10 -3% -1% 7% 0% 7% 13% 

UP_MA 39% 10% 2% -23% 16% 34% 

USGS Doyle 0% 10% -13% -3% -3% -26% 

USGS 

Malletts 
-4% 13% -14% -48% -27% -27% 

S
R

 11 (level) 8% 0% -7% 7% -2% 10% 

M
il

le
rs

 13 16% 14%  -10% -12%   

14 6% 19% 18% -33% -2% -11% 

T
ra

v
er

 15 0% -3% -5%  20% -30% -12% 

16 3% 2% -3% 21% 4% -12% 
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 Establishment of a B1 soil classification 

 Runoff parameter refinement for more sensitive parameters, specifically with % routing 

 Simplification of parameter assignments for subcatchment width and depression storage, which 

have less impact on model results 

C. Existing conditions modeling 
The final calibrated model was used to determine the level of service provided by the existing storm 

drainage system and to help identify priority areas for improvements. Eight (8) design storm simulations, 

as shown in Figure 3-5, were prepared to identify capacity constraints and flooding locations in the 

system. The range of design storms include: 

 100% annual exceedance probability (AEP) 1-Hour: 0.97” (could serve as baseline for BMP 

evaluation) 

 50% AEP 24-Hour: 2.35” (could serve as baseline for BMP evaluation) 

 20% AEP 1-Hour: 1.44” (Older part of the system were designed for old 20% storm volume) 

 10% AEP 12-Hour: 2.90” (Represents current design standard) 

 4% AEP 24-Hour: 3.93” 

 2% AEP 24-Hour: 4.5” 

 1% AEP 24-Hour: 5.11” (Design standard for detention storage, used for FEMA map comparison) 

 0.2% AEP 24-Hour: 6.74” (new probability from Atlas 14, also used in FEMA flood analysis) 

Rainfall volumes were obtained from NOAA Rainfall Atlas 14 Volume 8 (version 2). They were 8% to 28% 

higher compared to Bulletin 71 (Please refer to Design Storm Tech Memo for detailed discussion).  

Figure 3-5 – Design Storm Events 
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The Huff 1st quartile, alternating block, and SCS Type II distributions were used for 1-hour, 12-hour and 

24-hour duration storms, respectively. An alternating block distribution is similar to SCS Type II except it 

is not limited to 24-hour duration storms. Both of these distributions represent an intense rainfall 

pattern that is commonly associated with thunderstorm activity likely to occur during summer. These 

rainfall distributions are shown in Figure 3-6. 

Climate change was a frequent point of discussion during the project. The use of newer rainfall volume 

standards from NOAA Rainfall Atlas 14 for design storms was one consideration. As noted in the 

previous paragraph, use of the SCS Type II distribution was another decision made so that the project 

was considering not only the most intense type of storm event, but potentially accounting for more 

frequent storms of this type in the future.  

Figure 3-6 – Cumulative Rainfall Distributions 

 

Appendix A contains two series of sewer system maps showing the level of service provided by the 

existing storm drainage system in different parts of the City: Capacity Exceedance maps and Peak flow 

condition maps. For the capacity exceedance map, pipes were color-coded based on the smallest design 

storms that pipe capacity was exceeded. For the peak flow condition maps (one map per design storm), 

pipes were shown in green if capacity is not exceeded, yellow if backwater condition occurred, and red if 

capacity is exceeded during storms.  Figure 3-7 below shows an example peak flow condition map. 
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Figure 3-7 – Example HGL Condition Map 

 

In addition to the pipe capacity, the maps also show locations where flooding would occur during 

different design storm events. Surface flooding locations were categorized into either street overland 

flow (usually with less than 6 inch of water) or ponding (more than 6 inches of water), and their 

boundaries were delineated using LiDAR data provided by Washtenaw County.  

With higher precipitation estimates from Atlas 14, most of the current drainage system had pipe 

capacities that were more in line with the 20% AEP storm instead of the 10% AEP storm, which is the 

current standard. While it was not unexpected that newer parts of the system and open channels can 

usually handle larger storm events better than older parts of the system, most areas of the stormwater 

system are still able to convey the 10% AEP, 12-hour storm without significant flooding. This includes 

almost the entire creekshed areas for Traver Creek, Millers Creek, Swift Run, Newport Creek, and areas 

that drain directly to the Huron River, where only a few isolated surface flooding areas were identified 

for additional study during review of existing conditions model data. 

The Allen Creek and the Malletts Creek watersheds include more impervious surface area and in general 

have older stormwater infrastructure. Therefore, most of the capacity issues and surface flooding areas 

are located in these two creeksheds. Further information on the process used to identify priority areas 

for improvement and the associated recommendations are discussed in Section 4. 
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4. Stormwater System Improvements 

A. Study Area Selection 
Existing conditions modeling results were reviewed in a series of progress meetings and workshops with 

City Staff in the spring and summer of 2014. Sewer system maps were generated showing the pipe 

segments that were within design capacity for flow and those that had model-predicted flows that 

would exceed the design capacity. The maps also showed model nodes where surcharging to ground 

was predicted (where the water surface elevation would exceed the manhole rim elevation).  

Existing conditions results are included in the maps in Appendix A. For the initial review, the current 

stormwater system design standard storm was used. This design storm has a 10% Annual Exceedance 

Probability (AEP), and a duration of 12 hours, with a rainfall volume of 2.9 inches. The initial review of 

the system performance under this storm event showed that the many areas of the system were unable 

to convey this storm. This has primarily been due to recent changes in the design storm standard, so 

that the current 10% AEP storm is larger than it was when these pipes were designed and constructed. 

As a result, a smaller design storm was also evaluated to identify potential locations for stormwater 

improvements. When the 20% AEP, 1-hour duration storm, with a volume of 1.44”, was reviewed with 

the model, more distinct areas with performance issues were revealed. 

For both the 10% AEP, 12-hour storm and the 20% AEP, 1-hour storm, preliminary screening locations 

were identified by comparing model-predicted flow to design capacity and by identifying locations with 

predicted surface flooding. The preliminary screening list was also compared with LEDG sites and with 

public input about flooding locations that was gathered in Phase I public meetings and surveys. 

Once preliminary screening was complete, the sites were prioritized using two risk metrics: 

 The probability metric considered the frequency of flooding occurrence, with the following 

ratings of 1, 2, or 3: 

1. Model predicts flooding in 10% AEP storm, but no reports 

2. Model predicts flooding in 20% AEP storm and/or frequent public reports 

3. Model predicts flooding in 50% AEP storm and/or frequent public reports 

 

 The impact metric considered the extent or severity of flooding with the following ratings: 

1. Flooding limited to streets and parking areas with a depth of 6” or less 

2. Flooding affects private properties, typically with predicted depths of 6” - 12” 

3. Flooding affects structures, typically with predicted depths greater than 12” 

These two metrics were multiplied together to generate an overall flooding risk rating, with a higher 

value indicating a higher risk of flood damage. The assigned values and prioritization are shown in Table 

4-1: 
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Table 4-1 – Preliminary Study Area Prioritization 

 

Additional sites were identified during the public meeting series that either had not been selected for 

study or had been eliminated during the preliminary screening process. To address the questions about 

these sites, they have been included in the comments below: 

 Glendale Circle / Virginia Park – This location is predicted to have flooding affecting private 

properties during the 10% AEP, 12-hour storm, so it should have been included in the original 

screening, with a probability metric of 1 and an impact metric of 2. A full evaluation of 

stormwater improvements for this site is included in section 4C. 

 Geddes Road at Huron Parkway – This reported flooding may have been related to a culvert 

problem that was repaired in the past couple years. The model does not predict flooding that 

would impact any roadways or private properties for the 10% AEP, 12-hour storm. 

 Newport Road at Westport – The model predicts some surface flooding in the 10% AEP, 12-hour 

storm, but overland conveyance allows flow into the wooded area to the east along an existing 

drainage easement. This site would have probability and impact metrics of 1, so it was not 

included in screening for evaluation of stormwater improvements. 

 Washtenaw Avenue at South University Avenue – Attendees at the public meetings mentioned 

some surface drainage issues affecting properties on Washtenaw Avenue. The model predicts 
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some overland flow in the areas of Wilmot Street and South University, but no extensive surface 

flooding to the south along Washtenaw Avenue. It is likely that the affected property, which sits 

lower than the roadway, receives roadway runoff during intense rainfall events due to catch 

basin limitations and/or curb, gutter, and roadway grading issues. Washtenaw Avenue is an 

MDOT business route so any improvements to the stormwater system would most likely be 

initiated as part of an MDOT roadway improvement project. 

B. Improvements modeling 
Three conceptual approaches were considered for stormwater improvement alternatives. These 

approaches were constructed in the model to represent how these stormwater improvements would 

function at each study location and how they would impact the stormwater system performance. While 

the screening process used surface flooding and property impacts as screening criteria, the 

improvements modeling used the current stormwater design standard (handling the 10% AEP, 12-hour 

storm with water surface elevations at least 2’ below the ground surface) as a design performance goal. 

1. Green Streets / Localized BMPs:   

The Green Streets improvement concept aims to minimize runoff volume through localized 

storage and infiltration within the City right-of-way (ROW).  

The City’s Green Streets policy includes on-site infiltration standards for public roadway and 

right-of-way (ROW) construction and reconstruction projects. The policy calls for infiltration of 1 

inch (1st flush), 2.35 inches (50% annual chance 24-hour storm) or 3.26 inches (10% annual 

chance 24-hour storm) of total precipitation volume that falls on the ROW, depending on site 

soil conditions, slope and proximity to floodplain. It was assumed that on-site infiltration is not 

practical in areas that have historically had groundwater levels within 5 feet of the ground 

surface.  

To represent the Green Streets BMPs, the “depression storage” parameter for the relevant sub-

catchments was increased accordingly to represent additional storage of runoff and the 

subsequent infiltration within ROW. The additional depression storage volume was calculated as 

the area-weighted average between storage in the ROW area (1 to 3.26 in) and non-ROW area 

(0.08 in for impervious area and 0.16 inch for pervious area).  

2. Engineered Storage:  

This concept aims to reduce peak flow rates by detaining runoff flows with designated 

underground or surface storage locations. 

Large underground or surface detention facilities were considered based on availability of large 

open space. It is assumed that the facilities would be drained by gravity so their depths would 

be limited by the invert elevations of the adjacent storm drainage system. Some realignment of 

existing storm sewers would usually be involved to re-route runoff to the desired engineered 

storage location. Siting involves initial assessment of utility conflicts based on GIS data, but 

further evaluation would be required upon moving to the preliminary design phase for any of 

these locations.  
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When evaluating the storage elements in the stormwater model, these facilities were either 

represented as a rectangular storage node or as a large conduit link. The storage volume for 

each location was determined by storing enough 10% AEP storm runoff to minimize flooding at 

the study location, while limiting outflow from the storage feature(s) to the pre-development 

release rate standard of 0.15 cfs/acre. 

3. Conveyance Improvement:  

This conceptual improvement approach is intended to move runoff offsite from the study 

location by providing additional capacity in the pipe system. 

This concept looks at increasing the capacity of the existing drainage system to convey more 

runoff downstream from the study area and reduce the peak hydraulic grade line (HGL) to be at 

least 2 feet below ground during the 10% AEP, 12-hour storm. This is an iterative approach that 

could include increasing the size of existing storm pipes or installing new storm relief pipes.   

Improvements were all evaluated using the 10% AEP, 12-hour design storm (2.9 inch). Improvement 

scenarios for each site were based on one of the concepts or a combination, if improvements could not 

be achieved by one concept alone. Not all of the conceptual approaches were considered for each site, 

since their application at some sites would not be feasible or practical. 

It is noted that the scope of this project was focused on using the model to evaluate stormwater system 

changes but other approaches should also be considered for addressing the study areas. Alternative 

approaches could include the purchase and/or modification of affected properties so that predicted 

surface flooding does not affect private property.  This approach would not improve the system to the 

current stormwater design standard, but it may be significantly less costly. Model output showing the 

number of parcels and structures affected by predicted surface flooding could be used for further 

consideration of this approach. 

C. Site descriptions and recommendations 
The stormwater improvements evaluations are presented in this section following a similar format to 

the public meeting presentations. For each study area, the following items are described: 

 Problem Definition 

 Alternatives analysis 

 Evaluation summary and recommendation 

The evaluation summary was developed to support the prioritization of each recommended project as 

part of the City’s Capital Improvements Programming (CIP). The stormwater model and improvements 

evaluation were used to generate output that would align with City’s established scoring criteria, as 

shown in Table 4-2: 
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Table 4-2 – SWM project alignment with CIP scoring criteria 

 
 

Where cost estimates are presented, these have been developed using unit costs from current City 

construction projects with cost escalation to year 2017. The Springwater Subdivision Improvements 

Project was used for direct unit costs for storm sewer pipe, and multipliers were added to account for 

design/engineering, other structures and utilities, and construction contingencies to develop the overall 

project costs presented. A similar approach was taken for project cost estimates for infiltration BMPs, 

underground storage, and surface storage. Upper end cost estimates from more complex projects were 

used to estimate costs for areas where construction would be more difficult. 

i. Lower Allen Creek 
The Allen Creek tributary area has a much higher proportion of impervious surfaces compared to other 

areas of Ann Arbor. The Allen Creek watershed includes downtown Ann Arbor, as well as the majority of 

the University of Michigan Central Campus and South Campus areas. Major branches of Allen Creek 

extend to the west, collecting drainage from the west side of Ann Arbor. 

Almost the entire length of the creek has been enclosed in storm sewers that are owned by either the 

City of Ann Arbor or the Washtenaw County Water Resources Commissioner. The lower sections of the 

enclosed creek were built in the early 1900’s and only have capacity to convey the 50% AEP storm. 

Surface flooding occurs frequently in lower areas and extensive surface flooding is predicted in the 1% 

AEP storm, as shown in Figure 4-1. 
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Figure 4-1 – Allen Creek Stormwater System Overview 

 

The 1997 stormwater master plan for the City of Ann Arbor evaluated conveyance improvements, and it 

was estimated that increasing the pipe size to accommodate the 10% AEP design storm at that time 

would cost around $40 million. A similar evaluation was prepared as part of this project and an overall 

estimate range of $150M - $200M was established for conveyance of the 10% AEP design storm. This 

cost estimate includes land acquisition of properties that would be substantially impacted by the 

expanded pipe footprint, but a complete engineering analysis to evaluate the feasibility of construction 

and land acquisition was beyond the scope of this project.  

Because of the scale of the Allen Creek flooding problems, the project team recognized that a single 

improvement strategy, such as the conveyance improvements noted above, would be very difficult to 

implement and would have a high construction cost. Therefore, the model evaluation process for the 

Lower Allen Creek was designed to provide comparative information on different improvement 

strategies so that long term programs could be put in place to reduce or manage stormwater flows as 

effectively and efficiently as possible. The major sources of stormwater runoff are from impervious 

surfaces and management of these sources was considered in the following strategies: 

 Right-of-Way areas - Green Streets Policy - Infiltration criteria based on Green Street Policy 

 Residential properties - Rain gardens for single family homes- Capture the runoff from first 1” of 

precipitation 

 University of Michigan properties - 1% AEP storm detention for all UM properties 

 Commercial/Multi-family Residential properties - Storm detention for all commercial / multi-

family properties per current development standards 
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As a reference, the results for these different strategies are shown in comparison to the 1997 master 

plan conveyance improvement strategy. Figure 4-2 below shows the predicted water surface elevation 

for baseline conditions (blue) and for the other stormwater improvement strategies for Allen Creek at 

Madison near the Fingerle Lumber property. 

Figure 4-2 – Stormwater Improvement Comparison for Allen Creek at Madison Avenue 

 

The top graphic shows the water surface elevation (WSEL) for the 20% AEP, 1-hour storm. While the 

model predicts surface flooding under baseline conditions, each of the individual improvement 

strategies would bring water levels below the ground surface at this location. For the 10% AEP, 12-hour 

storm, however, the individual stormwater management strategies have minimal impacts on peak water 

levels. 

Similar results are seen at Hill Street in Figure 4-3, although it is notable that the impacts of University of 

Michigan properties are more significant since they make up a larger portion of the tributary area to this 

location. 
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Figure 4-3 – Stormwater Improvement Comparison for Allen Creek at Hill Street 

 

Recommendation 

The individual stormwater management strategies are not sufficient to eliminate flooding in the 10% 

AEP, 12-hour design storm as the pipe capacity along most of the lower sections of Allen Creek would 

still be exceeded. However, each strategy can be effective at reducing the frequency of flooding, and are 

especially effective during smaller storm events. University of Michigan properties are significant for the 

local stormwater system and for Allen Creek in the Hoover to Hill Street area. Our recommendation is to 

continue work on all of the studied stormwater management strategies to achieve incremental 

improvements in reducing peak stormwater flows over time. 

Application of the Green Streets policy throughout the Allen Creek watershed, would require an 

investment of $80 million to $120 million (in 2017 dollars to match other project cost information). 

Other stormwater management alternatives would generally be funded by private property owners as 

part of redevelopment or as part of future stormwater management policies, so these costs have not 
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been included. The cost of Green Streets implementation, which would be spread over many decades as 

roadways are reconstructed, compares favorably to a conveyance improvement for Allen Creek, which 

was estimated to cost up $150 million to $200 million, and which would require significant property 

acquisition in areas that would impacted by installation of a large pipeline.  

For stormwater management on private property, the City should be proactive in creating and enacting 

policies that require property owners to manage stormwater on site. Requiring stormwater 

management during redevelopment would be a good next step, but incentivizing the implementation of 

stormwater management should also be considered. This approach could be similar to the current 

residential stormwater credit programs for becoming a RiverSafe Home partner, or building a rain 

garden or installing rain barrels. 

Additional information about model analysis of stormwater management options for both Allen Creek 

and other creeksheds is included in section 5 of this report. Section 5 presents the options in different 

levels of combination in terms of the projected level of completion under future scenarios. 

ii. Edgewood/Snyder 
This location is characterized by street flooding in the low area at the intersection of Edgewood and 

Snyder. While the stormwater drainage system travels south across W. Stadium, the surface grade of W. 

Stadium is higher than the Edgewood/Snyder intersection, preventing a surface outflow pathway as 

shown in Figure 4-4. The upstream pipe system along Martha Avenue and Snyder does not have 

sufficient capacity to convey the 10% AEP design storm, so overland street flow is predicted.  

Figure 4-4 – Existing conditions results for Edgewood/Snyder (10% AEP, 12-hour storm) 

 

Alternative 1: Green Streets and Storage 

Soil conditions in this area are expected to be suitable for infiltration so a significant infiltration capacity 

was assumed for the right of way (ROW) areas. The modeling assumed 3.26” of infiltration for the full 

extent of the upstream ROW, as shown in Figure 4-5. This would provide a total infiltration volume of 

2.22 million gallons (MG). Even with this level of infiltration, pipe upsizing would be required along 

Edgewood and 0.22 MG of underground storage would still be required.  
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Figure 4-5 – Conceptual Layout of Green Streets Alternative for Edgewood/Snyder 

 

Alternative 2: Conveyance Improvement and Storage 

The model was used to evaluate a storage improvement alternative, as shown in Figure 4-6. Pipe 

upsizing would be provided along Martha Avenue, Snyder, and Edgewood to address the street flow, 

and 0.64 MG of storage volume would be required. Siting for a specific storage location was beyond the 

scope of this evaluation, but the open area between Stadium Blvd. and the existing Pioneer High School 

retention basin is shown as the general location assumed for the modeling analysis. 

Figure 4-6 – Conceptual Layout of Storage Alternative for Edgewood/Snyder 

 

Alternative 3: Conveyance Improvement and Relief 

In this alternative, the conveyance improvements are made in the neighborhood and the increased 

flows are bypassed around the Pioneer High retention basin, since this facility is already at its capacity. 

This option is shown in Figure 4-7.  
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Figure 4-7 – Conceptual Layout of Conveyance Alternative for Edgewood/Snyder 

 

During the 10% AEP storm, the conveyance improvements would primarily move street overland flow 

into the expanded pipe system. Moving these flows downstream more quickly would nearly double the 

peak flows and would impact the performance of the stormwater ponds on the University of Michigan 

golf course, as shown in Figure 4-8. A 54” diameter relief pipe would be needed for this option and the 

total length of pipe upsizing would be 6,900 LF.  

Figure 4-8 – Flow Hydrograph Comparison for Conveyance Alternative at Edgewood/Snyder 

 

Recommendation 

The recommended solution for Edgewood/Snyder is the local conveyance and storage alternative as 

shown in Table 4-3. This approach would reduce properties affected by flooding in the 10% AEP storm 

by 15 properties and would reduce the risk of structure impacts by 6.  
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Table 4-3 – Recommended Edgewood/Snyder Option 

 

 

Other considerations for this recommended alternative include coordination with the upcoming West 

Stadium improvements project and potential local storage at the Edgewood/Snyder intersection, 

especially if the church parking lot at the southeast corner could be utilized.  

The City should also consider a long term phasing approach where the local flooding issue at 

Edgewood/Snyder is addressed first, with other neighborhood improvements addressed in the future. 

While it would not immediately address the 10% AEP storm, this approach may be the most feasible and 

cost-efficient. This approach would likely include the following steps: 

1. Upsize pipe across W. Stadium at Edgewood to provide outlet capacity 

2. Provide local storage at Edgewood/Snyder intersection or south of Stadium Blvd. to reduce peak 

flows through storage and infiltration.  

3. Evaluate street flooding impacts versus Green Streets impacts as road reconstruction projects 

are completed in the future. 

iii. Park Place Apartments 
The stormwater system problem at this location is caused by both the pipe size and the surface grading, 

which prevents an overland flow pathway. Under existing conditions, the pipe capacity is reached during 

the 50% AEP storm, and surface flooding begins to appear at the 20% AEP storm or larger. Surface 

flooding affects the lower level units of the apartment building located at the eastern edge of the 

property, as shown in Figure 4-9.  
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Figure 4-9 – Existing conditions results for Park Place Apartments (10% AEP, 12-hour storm) 

 

Alternative 1: Infiltration BMPs 

Because this is a private property, a Green Streets approach was not considered. Instead, the infiltration 

volume needed to allow the existing system to convey the 10% AEP storm was calculated. 0.93 MG of 

infiltration would be required, which would be difficult to achieve in this area, due to limited space and 

unknown soil infiltration capacity. This alternative would require significant property owner 

cooperation, as most of the infiltration area is located outside of the City’s drainage easement. 

Alternative 2: Detention Storage 

Surface flooding can be controlled in the 10% storm with some pipe upsizing at the bottom of the 

parking lot area, and underground detention in the open area at the eastern edge of the property. This 

alternative is feasible but would require work outside of the City’s existing drainage easement. This 

option is shown in Figure 4-10. 

Figure 4-10 – Conceptual Layout for Storage Alternative at Park Place Apartments 

 

 

Alternative 3: Conveyance Improvement 

Pipe upsizing can be provided to convey peak flows for the 10% AEP storm with only minimal impacts on 

downstream peak flows. This alternative would require upsizing of storm pipes from Pennsylvania Ave 
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to W. Stadium Blvd, as shown in Figure 4-11. By conveying the larger storm, the basement apartment 

units would be protected up to the 4% AEP 24-hour storm. 

Figure 4-11 - Conceptual Layout for Conveyance Alternative at Park Place Apartments 

 

Downstream peak flows at W. Stadium would increase by approximately 10% as shown in Figure 4-12. 

This increase could be mitigated using local storage or BMPs at available locations on the property. 

Figure 4-12 – Flow Hydrograph Comparison for Conveyance Alternative at Park Place Apartments 

 

Recommendation 

The recommended approach for improvements for the Park Place Apartments would be to provide 

conveyance improvements, which can be provided within the City’s existing drainage easement at a 

reasonable cost and without any major property impacts. To mitigate peak flow increases downstream, 

the City should seek a cooperative solution with the property owners to provide infiltration within the 

property. 

iv. Churchill Downs 
The Churchill Downs subdivision is located in the upper portion of the Malletts Creek watershed. The 

creek itself is a County Drain from Ann Arbor-Saline Road up to I-94. Local Ann Arbor stormwater pipes 

collect stormwater flows from the local streets, as well as the Glen Leven neighborhood, which is 
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located north of Scio Church Road. Portions of Pittsfield Township, located west of I-94, also drain into 

this area.  

The County Drain sections of the stormwater system, along with other local pipes, reach their capacity 

during the 50% AEP storm and surface flooding is predicted in the 10% AEP storm. Stormwater drainage 

issues in this area were highlighted during the March 15, 2012 event, when surface flooding affected 

numerous properties and streets.  

The Upper Malletts Stormwater Conveyance Study, completed in early 2014, considered potential 

stormwater improvements to control flooding under a storm equivalent to the March 15, 2012 event. It 

should be noted that the 10%, 12-hour design standard has a much greater volume than the March 15, 

2012 event, which was a shorter duration event, with a peak rainfall duration of only 75 minutes and a 

total storm duration of less than 3 hours. 

Figure 4-13 below shows the existing conditions modeling results for the 10% AEP storm for the 

Churchill Downs and Lansdowne neighborhoods. Pipe capacity is exceeded for most of the stormwater 

system and surface flooding is predicted in many locations.  

Figure 4-13 – Existing conditions results for Churchill Downs (10% AEP, 12-hour storm) 

 

 

Alternative 1: Green Streets Improvements 

Alternative 1 was built around the City’s Green Streets policy for runoff control in right of way (ROW) 

areas. Because of poor soils for infiltration, BMPs were assumed to provide capture and storage of the 
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first flush 1” of ROW runoff. These measures alone were not sufficient to achieve current stormwater 

design standards, so some conveyance and storage improvements are also included in this alternative. 

The alternative 1 conceptual layout is shown in Figure 4-14. More details on the individual stormwater 

improvement features are included in alternative 2, which was developed with a focus on stormwater 

storage. 

Figure 4-14 – Conceptual Layout for Green Streets Alternative for Churchill Downs 
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Using this alternative, the model predicts that the stormwater system would be within capacity during 

the 10% AEP storm, and the neighborhood outlet pipe at Ann Arbor – Saline Road would have a lower 

peak water surface elevation, as shown in Figure 4-15. 

Figure 4-15 – Water Surface Elevation comparison for Green Streets Alternative for Churchill Downs 

 

Alternative 2: Local and Regional Storage 

Because of the limited infiltration soils, some conveyance improvements and storage would be required 

to supplement a BMP-focused alternative, as described in Alternative 1. Taking away the BMPs for ROW 

runoff, more stormwater flows would need to be conveyed and stored but the overall nature of the 

pipes and storage facilities would not need to change. As shown in Figure 4-16, the same locations are 

utilized for conveyance and storage improvements, although the sizing does increase. 

Notable features of this alternative are as follows: 

 Underground storage at Las Vegas Park – Storm drain pipes along Runnymede and Granada 

would be upsized to convey 10% AEP design flows. These increased flows would be mitigated at 

Las Vegas Park, where underground storage could be provided without significant impacts on 

trees or park uses.  

 Winsted Blvd. diversion and Lawton Park underground storage – The current drainage pathway 

for the tributary area north of Winsted Blvd. (including Weldon Blvd., Avondale Ave, and 

connecting streets to the north) is west along Scio Church Road to the County Drain behind 

properties on the west side of Churchill Drive. This alternative would divert flows from Winsted 

Blvd. into a new storm drain pipe that would convey flows to a new underground storage basin 

at Lawton Park.  

 Surface storage pond at Eisenhower Park – Stormwater flows from Maple Road, Tudor Drive, 

and Dicken Drive are conveyed across Scio Church Road through an open channel pathway in 

Eisenhower Park and then into the County Drain at Churchill Downs Park. Storage of these flows 

is recommended in Eisenhower Park in a surface storage pond. Other options for storage could 

be explored to the north along Maple Road or the I-94 corridor, but Eisenhower Park was 

10% AEP Water Surface Elevation at Ann Arbor-Saline Road 
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assumed for the purposes of evaluating flow impacts in this study. The small storage area under 

Scio Church Road west of Churchill could also be eliminated if stormwater flows from Covington 

were diverted to Eisenhower Park. Under this scenario, the size of the Eisenhower basin would 

need to be expanded to accommodate additional volume. 

 Upstream detention for areas west of I-94 – Currently, a 54” diameter pipe brings flow from I-94 

and Oak Valley Drive under the freeway and into the Churchill Downs neighborhood at Churchill 

Downs Park. While some properties in Pittsfield Township have stormwater controls, a control 

basin at the freeway culvert would reduce peak flows into the county drain. This area is outside 

of the City of Ann Arbor so any infrastructure improvements would have to be designed and 

constructed in cooperation with the Washtenaw County Water Resources Commissioner, the 

Michigan Department of Transportation (MDOT), and Pittsfield Township. 
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Figure 4-16 – Conceptual Layout for Storage Alternative for Churchill Downs 

 

 

Alternative 3 – Conveyance Improvement 

The stormwater model was used to evaluate an alternative focused around increased conveyance 

capacity. Starting with Runnymede Blvd., Palomar Drive, and Granada Avenue, larger pipes would be 

installed to convey the flows predicted for the 10% AEP storm, as shown in Figure 4-17. Following the 

main flow pathway along Avondale, Weldon, Winsted, and Scio Church, the pipe size would be increased 

to 54” and then 72” diameter. Once the County Drain is reached, the predicted flows would require a 
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parallel relief storm pipe of 72” to 84” in diameter. With limited space in the backyard areas, the relief 

pipe would likely need to be installed along Churchill Drive, Delaware Drive or Morehead Drive.  

Figure 4-17 – Conceptual Layout for Conveyance Alternative for Churchill Downs 

 

With the increased conveyance capacity along the primary drainage pathway, peak flows during the 10% 

AEP storm would be increased by nearly 100% and the peak water surface elevation at the 

neighborhood outlet at Ann Arbor – Saline road would increase by 2 feet, as shown in Figure 4-18 

below.  
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Figure 4-18 – Water Surface Elevation Comparison for Conveyance Alternative at Churchill Downs 

 

Recommendation 

Because of the soil characteristics in this area, a BMP-focused alternative cannot achieve 10% AEP 

stormwater management without some conveyance and storage facilities. The incremental cost of 

increasing the sizes of these facilities to handle the stormwater makes the storage-focused alternative 

the best solution for this study area, as shown in Table 4-4.  

Table 4-4 – Recommended Churchill Downs Solution 

 

 

While the total cost of the improvements is high, the different features can be implemented selectively 

to achieve improved stormwater system performance. The recommended improvements should be 

10% AEP Water Surface Elevation at Ann Arbor-Saline Road 
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prioritized as follows to provide the greatest impacts on flows and on locations with predicted surface 

flooding: 

1. Winsted Blvd. diversion and Lawton Park underground storage - This storage basin and the 

associated flow diversions and conveyance upgrades would have the greatest impact on 

flooding locations south of Scio Church Road. However, it would also be the most costly ($7M - 

$8M) due to the size of the underground storage required. 

 

2. Surface storage pond at Eisenhower Park – Taken by itself, this storage feature has a less 

significant impact on stormwater system performance and flooding because of its smaller 

volume, but it would be much less costly, and would be necessary to eliminate flooding in 

Churchill Downs. Depending on how flows from Covington Drive and from west of I-94 are 

handled, this feature is estimated to cost $1.5M - $2M. 

 

3. Underground storage at Las Vegas Park – This feature would primarily reduce street flooding 

and overland conveyance along Runnymede and Avondale and would not significantly reduce 

flooding in the Churchill Downs area. With an estimated cost of $5.5M - $6M, this element of 

the storage alternative is only recommended in order to bring the entire study area to a 

consistent design standard.  

v. East University/South University 
Street flooding is predicted along East University Avenue and South University Avenue during the 10% 

AEP storm as shown in Figure 4-19 below. This surface flooding was verified during the June 2013 storm.  

Figure 4-19 – Existing conditions results for East University (10% AEP, 12-hour storm) 

 

The stormwater pipe size along East University Avenue between South University and Willard is 

particularly undersized, causing a bottleneck that reaches its capacity during the 50% AEP storm. In 

addition to the predicted street flooding, below-grade loading docks and building entrances at the 

University of Michigan’s School of Social Work Building are affected. 

Alternative 1A – Engineered Storage and Green Streets 
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To complement streets that have already been reconstructed according to the Green Streets policy, this 

alternative considered implementation of the policy along similar streets in the tributary area to this 

study location. Washtenaw Avenue was not included because it is an MDOT roadway. Streets east of 

Washtenaw were not included because they are not likely to be on the same reconstruction schedule as 

the streets west of Washtenaw. With these assumptions for BMP implementation, some localized 

stormwater storage along the Monroe Pedestrian Mall and under East University north of Hill would be 

required to meet the 10% AEP design standard. This conceptual layout is shown in Figure 4-20. 

Figure 4-20 – Conceptual Layout for Green Streets Alternative for East University 

 

The model evaluation of this alternative indicates that flows would be reduced significantly at the 

neighborhood outlet where East University meets Packard Road, as shown in Figure 4-21. 
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Figure 4-21 – Flow Hydrograph Comparison for Green Streets Alternative for East University 

 

Alternative 1B – Engineered Storage and Green Streets with UM 1% AEP Detention 

As a point of comparison for the relative impacts of ROW stormwater runoff and University property 

runoff, this alternative includes the same ROW improvements as Alternative 1A, but also includes 1% 

storm detention for University of Michigan properties located in the tributary area to this study location, 

as shown in Figure 4-22. This detention requirement would be consistent with the requirements for a 

new development in Washtenaw County.  

Figure 4-22 – Conceptual Layout for Green Streets/UM Detention Alternative for East University 
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As shown in Figure 4-23, there would be some slight reductions in flows and volumes (when compared 

to alternative 1A) and the storage volume required at Monroe Mall and under East University would be 

reduced by 30% to 0.19 MG. 

Figure 4-23 – Flow Hydrograph Comparison for UM Detention Alternative for East University 

 

Alternative 2 – Conveyance Improvement  

The model was used to evaluate a conveyance improvement for the East University study area, but with 

no local storage location to mitigate the increased flow, this option is not feasible.  Figures 4-24 and 4-

25 show the conceptual layout and resulting flow hydrograph for this alternative. 
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Figure 4-24 – Conceptual Layout for Conveyance Alternative for East University 

 

Figure 4-25 – Flow Hydrograph for Conveyance Alternative for East University 

 

 

Recommendation 

The Green Streets improvements in combination with local storage are recommended for this study 

area. Partnering with the University of Michigan to further reduce flows through local stormwater 

management initiatives would reduce the storage volume requirements and should be pursued. 
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Table 4-5 – Recommended East University/South University Solution 

 

 

 

vi. Mulholland Avenue 
This study location reviewed the Murray-Washington branch of Allen Creek between S. Seventh Street 

and W. Washington. Surface flooding has been reported historically at Mulholland Avenue and at 

Murray Avenue, with surcharging through the manhole on Mulholland reported most frequently. The 

model analysis of existing conditions showed that the pipe capacity in this area is reached during the 

50% AEP storm, with a flat pipe between Murray and Washington causing the worst bottleneck. Once 

surface flooding begins at either Mulholland or Murray, overland flow is predicted between houses and 

in backyards. This is shown in Figure 4-26. 
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Figure 4-26 – Existing conditions results for Murray-Washington Drain at Mulholland Avenue  

 

Alternative 1A – Surface Storage at Slauson Field 

Reduction of peak flows with upstream storage was evaluated for this location. In alternative 1A, a 

shallow surface storage basin would be constructed in the open field adjacent to Slauson Middle School, 

between Eighth Street and Crest Avenue, as shown in Figure 4-27. A control structure would be required 

to restrict flows at this location and direct flow into the surface storage, and a low berm would be 

required along Eighth Street to retain the flows in the field area. Other considerations to limit the 

duration of flooding and to allow for proper post-event drainage would also be needed. 

Figure 4-27 – Conceptual Layout for Surface Storage Alternative for Mulholland Ave 

 

The location would allow for up to 2.2 MG of storage with an average depth of 2 feet. This volume 

would delay the downstream peak by approximately 2 hours, reducing peak flows by 15%, as shown in 

Figure 4-28. 
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Figure 4-28 – Flow Hydrograph for Surface Storage Alternative for Mulholland Avenue 

 

Alternative 1B – Above Grade Storage Tank 

This alternative would be similar to Alternative 1A, but it would put the storage volume into an above 

grade storage tank near Crest Avenue. This would avoid issues with open surface storage but would take 

up space that is currently used for soccer, sledding, and other recreational activities. Impacts on flows 

would be similar to what is shown for Alternative 1A. 

Alternative 2 – Conveyance Improvements 

To address the localized flow restrictions, pipe upsizing could be performed between Mulholland and 

Washington to meet the 10% design storm flow rates. As shown in Figure 4-29, this would require 

construction in an older neighborhood, without much room to work, and large-diameter pipes. An 

alternative routing along Murray to Washington could be considered but would also likely have conflicts 

with other existing utilities, including sanitary sewer mains. 

Figure 4-29 – Conceptual Layout for Conveyance Alternative for Mulholland Ave 
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The conveyance alternative would provide a significant improvement in reducing the frequency of 

surface flooding, from the 20% storm to the 2% AEP storm. However, peak flows would increase 

downstream in the Allen Creek watershed so mitigation of the peak flows would be recommended. This 

could potentially be accomplished with a storage basin at the University of Michigan Parking lot at the 

end of Krause Street but the proximity to the 100-year floodplain, and potentially high groundwater 

levels, could limit the capabilities of this site. A storage volume of 1.6 MG would be needed for the 10% 

AEP storm, which would be difficult to achieve. 

Recommendation 

Despite the potential difficulties of establishing an agreement to utilize an Ann Arbor Public Schools 

property, the location characteristics and available space at Slauson Middle School make the surface 

storage alternative the recommended solution. The probable cost for this location is potentially lower 

than what is shown in Table 4-6 below since the engineering work and construciton required would be 

minimal, but there would also be significant unknowns with requirements for safely and sustainably 

storing stormwater at the site and for providing operations and maintenance support.  

Table 4-6 – Recommended Mulholland Drive Solution 

 

 

vii. Scio Church / S. Seventh Street 
Although this study location is also part of the Upper Malletts Creek area (along with the Churchill 

Downs area described in section 4-C.4), the stormwater system is impacted by a separate tributary area 

so it was analyzed separately. The existing stormwater conveyance system reaches capacity during the 

50% AEP storm and surface flooding is predicted for the 10% AEP storm, for which overland flow is 
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predicted along Scio Church Road, Ascot Road, and Chaucer Court. These model findings were validated 

during storms in 2010 and 2012, when surface flooding was experienced along Scio Church Road, Ascot, 

and Chaucer, as shown in Figure 4-30. Some of these issues are also inter-related with overland flow in 

the Village Oaks-Chaucer drain that can be affected by overland flow down Lambeth Drive. 

Figure 4-30 – Existing conditions results for Scio Church / S. Seventh Street  

 

Alternative 1 – BMPs / Engineered Storage 

Because the soils in this area are not expected to be favorable for infiltration, any ROW stormwater 

BMPs would function like local storage features. Specific locations were not identified for this study as 

the impacts on the stormwater conveyance system would be similar and the most efficient locations 

could be determined based on soil investigations and with input from the public. Potential storage 

locations are shown in Figure 4-31, and these could be located under the pavement, in the ROW, or in 

adjacent properties depending on all design considerations. Portions of the storage volume could also 

be moved to other portions of the tributary area as roadway reconstruction projects are implemented. 
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Figure 4-31 – Conceptual Layout for Storage Alternative for Scio Church / S. Seventh Street 

 

The impacts of this alternative on flow rates were evaluated at the outlet of the Lans Way storm sewer 

into Malletts Creek.  As shown in Figure 4-32, the peak flow is reduced by almost 50% and the volume is 

released much more slowly over time. 

Figure 4-32 – Flow Hydrograph for Storage Alternative for Scio Church / S. Seventh Street  
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Alternative 2 – Conveyance Improvements 

For comparison with the local storage option presented in alternative 1, pipe upsizing would be required 

along South Seventh, and all of Lans Way and all of Ascot Road to meet 10% AEP storm design 

standards, as shown in Figure 4-33.  

Figure 4-33 – Conceptual Layout for Conveyance Alternative for Scio Church / S. Seventh Street 

 

While the cost of this alternative would be lower, it would increase peak flows to Malletts Creek by 

nearly 100%, as shown in Figure 4-34.  
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Figure 4-34 – Flow Hydrograph for Conveyance Alternative for Scio Church / S. Seventh Street  

 

Recommendation 

To bring this study area to current stormwater design standards, a combination of engineered localized 

storage and BMPs could be provided. While this approach is more costly than a pipe upsizing approach, 

it would have the advantages of reducing peak flows to Malletts Creek, which better aligns with the 

watershed’s Total Maximum Daily Load (TMDL) requirements and with the City’s goals for sustainability. 

 

 

viii. Glendale/Charlton 
This study area was identified by local residents during the Phase I public meeting series, where it was 

noted that street flooding and other stormwater and sanitary sewer issues have been experienced 

during large storms. The existing conditions modeling for the area shows that the stormwater pipes are 

at capacity during the 50% to 100% AEP storms, but surface flooding is generally limited to street 

overland flow along Charlton Avenue, where there is no storm sewer currently, and street ponding at 

low spots on Orchard Street and Glendale Drive.  This is shown in Figure 4-35. 
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Figure 4-35 – Existing conditions results for Glendale/Charlton 

 

Alternative 1 – Detention for upstream multi-family properties 

Because the upstream area has a very small ROW area, when compared to the size of multi-family 

properties, a ROW BMP option was not considered for this study area. Instead, a redevelopment 

scenario was considered for the Charlton Apartments and Hillside Terrace properties. This alternative 

assumes that 1% AEP storm detention would be provided for these two properties, which would align 

with new development requirements. For the total area of approximately 8 acres as shown in Figure 4-

36, a storage volume of 0.44 MG would be required.  

Figure 4-36 – Conceptual Layout for Upstream Detention Alternative for Glendale/Charlton 

 

The impacts on flows in the downstream stormwater system would be dramatic for this alternative. As 

shown in Figure 4-37 below, the detention storage reduces peak flows from 45 cubic feet per second 

(cfs) to 15 cfs at Glendale Drive. This decrease in peak flows would eliminate street flooding for the 

study area for the 10% AEP storm. 
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Figure 4-37 – Flow Hydrograph for Upstream Detention Alternative for Glendale/Charlton  

 

Alternative 2 – Conveyance Improvement 

This alternative considered an increase in system conveyance capacity by upsizing the existing storm 

sewer from Pleasant Place to Glendale Drive, bulkheading the current connection to the Glendale Drive 

storm sewer, and constructing a new storm pipe along Charlton to Virginia Avenue. Pipe upsizing would 

also be needed along Virginia to Bemidji Drive. This conceptual layout is shown in Figure 4-38. 

Figure 4-38 – Conceptual Layout for Conveyance Alternative for Glendale/Charlton 

 

The conveyance improvement would generally be re-routing overland flow into a storm pipe so there is 

no significant change in peak flow in the Murray-Washington Drain.  
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Recommendation 

Either alternative would be feasible and effective at improving the stormwater system performance for 

the Glendale/Charlton study area. The upstream detention storage would be consistent with the City’s 

sustainability goals and the cost would be the responsibility of the property owners if the improvements 

can be required as part of property redevelopment. However, to allow comparison with other 

alternatives and study areas, the overall project cost is shown in Table 4-7. 

Table 4-7 – Recommended Glendale/Charlton Solution 

 

 

ix. Glen Leven 
Existing conditions modeling for the Glen Leven area predicts storm pipe capacity issues for the 50% AEP 

storm and greater. Surface flooding is predicted for the 10% AEP storm, although the flows are generally 

confined to the streets and Pioneer Woods as shown in Figure 4-39. 
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Figure 4-39 – Existing conditions results for Glen Leven  

 

A conveyance improvement with surface storage in Pioneer Woods was considered for this area but 

further consideration is needed to better understand why local observations do not match with the 

model predictions. It has been noted that sanitary sewer modeling for this area has found more flows 

than expected so the hydrology for this area, including runoff and inflow/infiltration mechanisms, needs 

to be better understood before any stormwater improvements are recommended. 

x. Church Street / Cambridge Road 
This study area was identified from the existing conditions modeling because the pipe capacity is 

predicted to be reached during the 50% AEP storm. Street flooding and overland flow is predicted for 

the 10% AEP storm along Baldwin Avenue, Cambridge Road, S. Forest Avenue, and Church Street, as 

shown in Figure 4-40. 

Figure 4-40 – Existing conditions results for Church Street / Cambridge Road  

 

As with the Glen Leven area previously, the street flooding predicted by the model has not been 

validated by observations. Alternatives are available for both conveyance and storage/BMP 
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improvements (see Figure 4-41 below) but they would require a significant capital cost and would be 

addressing a problem that has not been shown to significantly impact properties. No stormwater 

improvements are recommended for this study area. 

Figure 4-41 – Conceptual Stormwater Improvements Layout for Church Street / Cambridge Road 

 

xi. Village Oaks / Chaucer Court 
This location was identified from existing conditions modeling because the pipe capacity is reached 

during the 50% AEP storm. Backyard flooding between Village Oaks Court and Chaucer Court is 

predicted during the 10% AEP storm, along with street flooding in the cul-de-sac of Village Oaks Court, 

as shown in Figure 4-42.  

Figure 4-42 – Existing conditions results for Village Oaks / Chaucer Court 
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A detailed study of this area was performed in 2013 and a regional detention basin was recommended 

for the area north of Village Oaks Court. The alternatives analysis for this area consisted of verifying the 

performance of the proposed basin using the current version of the stormwater mode, as shown in 

Figure 4-43. 

Under the proposed alternative, the peak flow coming from the basin would be reduced from 40 cfs to 1 

cfs. The flows from Village Oaks Court would not be affected but the backyard flooding would be 

reduced in frequency from the 10% AEP storm to the 2% AEP storm.  

Figure 4-43 – Conceptual Layout for Detention Alternative at Village Oaks/Chaucer Court 

 

xii. Parkwood/Pittsfield Village 
This study area was identified during the public meetings in Phase I of the project. Residents reported 

street flooding during large storms and overland flow into the open space between buildings between 

Fernwood and Parkwood. The existing conditions modeling showed a pipe along Parkwood with a 

capacity of less than 3 cfs, which is not sufficient to convey the 100% AEP storm. The model predicts that 

flooding would be confined to the street area as shown in Figure 4-44, but other factors such as inlet 

blockages could lead to more extensive surface flooding.  
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Figure 4-44 – Existing conditions results for Parkwood / Pittsfield  

 

Alternative 1 – Conveyance and Storage 

Because of the relatively small tributary area, and the capacity issue with the existing pipe, some 

conveyance improvements are recommended along Pittsfield and Parkwood. Alternative 1 includes the 

recommended pipe upsizing as shown in Figure 4-45, but it also includes a new connection to the 

surface depression area off of Parkwood Avenue to store excess runoff so flows are not increased to 

Malletts Creek.  The predicted outflow hydrograph is shown in Figure 4-46. 

Figure 4-45 – Conceptual Layout for Pittsfield/Parkwood Storage/Conveyance 
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Figure 4-46 – Flow Hydrograph for Conveyance/Storage Alternative at Pittsfield/Parkwood  

 

Alternative 2 – Conveyance Improvement 

Alternative 2 would include the pipe upsizing only. This would result in a 50% increase in peak flows to 

Malletts Creek, although there would be no change in the predicted water surface elevation. This result 

is shown in Figure 4-47. 

Figure 4-47 – Flow Hydrograph for Conveyance Alternative at Pittsfield/Parkwood  

 

Recommendation 

The property on Washtenaw Avenue between Pittsfield Blvd. and Yost Blvd. contributes approximately 

25% of the runoff to this study area so redevelopment of that property with stormwater controls should 

be a priority. Even with detention at that site, however, pipe upsizing would be necessary along 

Pittsfield and Parkwood to convey the 10% AEP storm. Either of the proposed alternatives would be 

effective at addressing the stormwater system performance issues and selection should be made based 

on the willingness of Pittsfield Village property management to allow surface storage. The surface 

storage solution in the lawn areas between units could be adapted to other portions of the property to 

address other stormwater issues.  This is presented in Table 4-8. 
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Table 4-8 – Recommended Parkwood/Pittsfield Village Solution 

 

 

xiii. Signature Drive 
This study location was identified from the existing conditions model results screening. The culvert 

under Signature Drive just north of Waymarket is undersized, causing surface ponding in the 

intersection and in the detention area to the north of Waymarket Drive during the 10% AEP storm. The 

surface flooding also affects Waymarket Drive to the west of Signature Drive and other connecting 

detention basins at nearby properties, as shown in Figure 4-48. 

Figure 4-48 – Existing conditions results for Signature Drive  

 

Recommendation  

Because the existing detention basins are functioning as designed and the flow restrictions are limited to 

short pipe sections, a conveyance improvement alternative was the only approach considered for this 
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location. As shown below in Figure 4-49, the culverts under Signature Drive and Waymarket Drive 

should be upsized and new catch basins should be installed at the intersection to convey flows 

downstream.  

Figure 4-49 – Signature Drive Alternative Configuration 

 

The increased flows will be handled by the existing detention pond at Briarwood Circle with a resulting 

increase in water surface elevation (WSEL) of only 0.1 feet. The street flooding will be eliminated along 

Signature and Waymarket and the peak WSEL in the existing detention basins will be reduced.  

Table 4-9 – Recommended Signature and Waymarket Solution 

 

 

xiv. South Industrial/Packard Road Area 
This neighborhood was identified during the existing conditions model results screening, showing up as 

one of the few areas of the City where the sewer system is at capacity during the 20% AEP, 1-hour 

storm. While overland flow is predicted starting with the 50% storm in some locations, and during the 

10% storm for almost the entire area, these flows are generally confined to the streets. There were not 

any notable reports of flooding from the residents of this area during the public engagement process, 
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although some City staff noted the area of Harpst/Rosewood/Tremel as a known street flooding 

location, as shown in Figure 4-50.  

Figure 4-50 – Existing conditions results for South Industrial Area 

 

Alternative 1 – Green Streets Implementation 

Although the soils in this area have low infiltration potential due to clay soil and high groundwater, there 

is a large upstream tributary area with residential ROW areas that would be suitable for localized 

storage BMPs. These areas are shown in Figure 4-51.  
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Figure 4-51 – Conceptual Layout for Green Streets Alternative for S. Industrial Area 

 

The reduced runoff resulting from these improvements would minimize street flooding and overland 

flow for the 20% AEP storm. The pipe capacity would still be exceeded in the 10% AEP storm in most 

locations. Model results for the Green Streets alternative under the 20% AEP storm are shown in Figure 

4-52. 
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Figure 4-52 – Green Streets Alternative Pipe Capacity Results for S. Industrial Area  

 

Recommendation 

Because of the minimal impacts and the extensive scope of work, this area is not recommended as a 

priority for stormwater improvements. As conditions allow for Green Streets implementation as part of 

other neighborhood improvements, however, these efforts should be made to help reduce runoff flows 

and minimize the frequency of flooding in downstream areas.  

xv. Traver/Barton 
This study location has one pipe segment along Barton Drive south of Traver Road that was identified as 

undersized during existing conditions modeling. Currently, the pipe capacity is reached during the 100% 

AEP storm, and the collection system can be overwhelmed by overland flow coming downhill along 

Traver. The curbs along Barton and the current placement of catch basins also prevent street flow from 

leaving the roadway in some locations as shown in Figure 4-53.  
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Figure 4-53 – Existing conditions results for Traver/Barton 

 

Recommendation 

Due to surface grades, and a low potential for runoff infiltration, a conveyance alternative is 

recommended for this location. The existing pipes along Traver and Barton should be substantially 

upsized from 12” diameter to 30” and 36”, respectively, as shown in Figure 4-54. In addition, curb cuts 

at the Traver Creek crossing should be built to allow for overland drainage into Traver Creek during 

intense rainfall events. These improvements would have a negligible increase in WSEL and peak flows in 

Traver Creek.  This recommendation is shown in Table 4-10. 

Figure 4-54 – Conceptual Layout for Conveyance Improvement Alternative for Traver/Barton 
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Table 4-10 – Recommended Traver/Barton Solution  

 

 

xvi. Glendale Circle at Virginia Park 
Noted in section 4-A, this site was not originally included as part of the preliminary screening since the 

flooding area is part of an open channel drainage that offers natural detention storage, and structures 

have not historically been affected. Also, this site is only 3,500 feet upstream of the Mulholland site 

(Section 4-C.6). However, the 54” storm pipe that passes beneath Virginia Park did not have sufficient 

capacity to handle peak flow during the 20% AEP storm, and some property owners along Glendale 

Circle have noted that flooding encroaches onto their properties, as shown in the Figure 4-55. 

Figure 4-55 – Ponding at Wooded Area behind Glendale Circle  

 



Stormwater Model Calibration and Analysis 

Page 78 

Two storage alternatives were considered for this site. A conveyance improvement alternative is 

prohibitive because of existing flooding issues at Mulholland Drive downstream. Similar to the analysis 

for that site, implementation of the Green Streets policy alone would not eliminate flooding issues for 

the 10% AEP storm. Ponding at the wooded area behind Glendale Circle would drop by 3 inches at most. 

The current peak flood depth in existing conditions for the 10% storm is predicted to be 4’. 

The impacts of other stormwater management activities in tandem with the Green Streets policy are 

evaluated in Alternative 3.  

Alternative 1 – Deep Underground Storage at Virginia Park 

This alternative includes moving existing surface storage volume to an underground storage tank at 

Virginia Park. Due to the significant difference in elevation between the wooded area and Virginia Park, 

the tank would have to be installed nearly 30 feet below grade. The size of the tank would be 2.7 MG to 

reduce ponding at the wooded area to below 1 foot in depth. The storage would include a pipe 

connecting to inlet (88-64592) at the wooded area and a restricted outlet control structure connecting 

to the adjacent storm sewer. Runoff would be diverted to the storage once the 54” storm sewer 

downstream is surcharged. Figure 4-56 shows the general location and configuration of the 

underground storage tank. 

Figure 4-56 – Location of Underground Storage at Virginia Park  
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Alternative 2 – Surface Storage Upstream 

This alternative aims at reducing peak flows entering the Glendale Circle backyard area by detaining 

additional volumes in open channel storage at Westwood Apartments to the west and in localized 

depression storage in Eberwhite Woods. Outlet restrictors would be installed at these locations to 

reduce the overall peak flow to below 270 cfs. Figure 4-57 shows the locations of the additional 

upstream storage areas and outlet restriction devices. While this alternative would reduce potential 

flooding risk for properties on Glendale Circle, it would effectively move surface flooding to other areas. 

Eberwhite Woods is a sensitive nature area and increasing the frequency and extent of surface flooding 

could be problematic.  

Figure 4-57 – Location of Upstream Surface Storage for Glendale Circle / Virginia Park 

 

Alternative 3 – Stormwater Management 

Ponding at the wooded area could be reduced to less than 6 inches in the 10% AEP storm if the following 

stormwater management activities were implemented altogether in upstream areas.  

▪ 1% storm on-site detention for all redevelopment of commercial properties on W Stadium Blvd 

and S Maple Road 

▪ Storage of 1-inch runoff from impervious surface of residential properties 

▪ Green Streets with on-site infiltration for City ROW areas upstream 

The most effective of these activities would be the on-site detention for commercial and multi-family 

residential properties. As shown in Figure 4-58 below, the W. Stadium and S. Maple/Pauline areas have 

some large properties that were built without stormwater controls. 



Stormwater Model Calibration and Analysis 

Page 80 

Figure 4-58 – Commercial and Multi-Family Residential Parcels with Redevelopment Potential  

 

Recommendation 

Each of the storage alternatives would effectively be moving the volume that is currently in the Glendale 

Circle backyard area to other locations where the storage may have reduced impacts on property 

owners. Since these other impacts have not been evaluated in detail, a long term stormwater 

management strategy is the recommended approach to incrementally reduce flooding at this location. 

These improvements would spread the cost impacts out over time and would benefit both this location 

and the Allen Creek watershed overall. Where a portion of the surface storage features in alternative 2 
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are shown to be feasible, these could be implemented to provide additional surface flooding mitigation.  

The recommended solution is shown in Table 4-11. 

The stormwater system improvement alternatives presented for this location assumed ponding in the 

Glendale Circle backyard area would be reduced to less than 1 foot. Further studies should determine 

the acceptable level of ponding at the backyard to utilize the already-available natural surface storage. 

The proposed alternatives could all be scaled back accordingly.  

Table 4-11 – Recommended Glendale Circle at Virginia Park Solution 

Alternative Probable Cost 

Underground Storage $10 - $11m 

Surface Storage $1.7 - $1.8m 

Long-term Stormwater Management 
$5.1 - $5.8m + 
private funding 

 

Evaluation Matrix Criteria  

System Influence/Capacity Reduces surface flooding that impacts private properties 

Water Quality 20% reduction in peak flow 

Funding 
$6M capital cost for ROW areas; Additional cost for 
redevelopment and residential rain gardens 

Level of Service Improves from 20% AEP to 10% AEP storm 

Other Criteria 
Stormwater management meets sustainability goals; 
partnership opportunities with private property owners 

 

xvii. Westgate and Maple Village Redevelopment 
During review of existing conditions model results, it was suggested that the impacts of detention for 

properties with large areas of impervious surface should be considered. In the Allen Creek watershed, 

the Westgate and Maple Village shopping centers were built prior to stormwater detention 

requirements, and as a result have large roof areas and parking lots that discharge to the stormwater 

system without any runoff controls. In total, the impervious area of these two parcels is greater than 50 

acres in size. 

The existing conditions model results for the stormwater network in the Westgate and Maple Village 

shopping centers are shown in Figure 4-59. 
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Figure 4-59 – Existing conditions results for Westgate/Maple Village  

 

For this evaluation, the model was adjusted to include 1% AEP storm detention for these parcels. The 

northern portion of Westgate (which drains to the north) would require a detention volume of 0.91 MG. 

Maple Village would require a detention volume of 2.82 MG. 

Under the 10% AEP storm, most of the impacts of the redevelopment would be seen immediately 

downstream of the new detention at Vets Park. Under existing conditions, the 10% storm causes surface 

flooding through much of the park area, and this flooding would be substantially reduced by the 

upstream detention, as shown in Figure 4-60 below. However, because Vets Park is currently providing 

this storage, the impacts of new detention farther downstream are minimal. Surface flooding depths at 

depression areas along the West Park-Miller drain would be reduced by less than 0.5 feet and there 

would be negligible changes in water levels and flow rates at Revena Blvd. and at locations downstream. 

These impacts are shown in Figure 4-60. There would also be negligible impacts on FEMA floodplain 

elevations under 1% AEP storm simulations. 

Figure 4-60 – Model results for Redevelopment Scenario for Westgate/Maple Village 
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xviii. Plymouth and Green Road Redevelopment 
Similar to the evaluation in the previous section, a redevelopment scenario was considered for the 

commercial properties at Plymouth Road and Green Road. This includes the Red Roof Inn property and 

the office complexes on the northeast corner, and the Holiday Inn, shopping center, and office complex 

located on the southeast corner, as outlined in yellow in the figure below.  The configuration in this area 

is shown in Figure 4-61. 

Figure 4-61 – Existing conditions results for Plymouth and Green Road  

 

1% AEP storm detention for these properties, which total around 27 acres in area, would require a 2 MG 

detention volume. Because of the nature of the Millers Creek watershed, this area is not generally prone 

to flooding issues, but the properties themselves would have improved drainage and street flooding 

would be minimized on Green Road and at the Green Road commuter parking lot. There would be 

negligible changes in WSEL at and downstream of Baxter Road. The reduction in peak flows would be 

beneficial in reducing channel erosion issues. 

Additional analysis of the impacts of applying new detention requirements during redevelopment is 

described in Section 5, when it is included with broader stormwater management activities in future 

condition analysis. 

D. Stormwater Improvement Conclusions 
The stormwater improvements evaluation generated a list of recommended improvements to address 

study areas where stormwater system performance is not meeting the current design standards. It has 

been noted that some of the study locations have not been validated by actual observations, but it is 

important to recognize that the 10% AEP, 12-hour storm is a large rain event, and that some portions of 

the City may not have experienced a storm of this size under current development conditions. 
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A summary of the study areas and the recommended stormwater management alternatives is shown in 

the following Table 4-12. 

Table 4-12 – Summary of Recommended Stormwater Management Alternatives 

Site Watershed Recommendation Cost Estimate 

1. Lower Allen Creek – Main Branch Allen BMP-Combination $80m - $120m* 

2. Edgewood/Snyder Allen Conveyance-Storage $4.1m 

3. Park Place Apartments Allen Conveyance $1.0m 

4. Churchill Downs/Lansdowne Malletts Conveyance-Storage $16m 

5. S. University/E. University Allen BMP-Storage $3.6m 

6. Mulholland Drive Allen Storage $1.9m 

7. Scio Church/S. Seventh Malletts BMP-Storage $2.4m 

8. Glendale/Charlton Allen Storage $1.2m 

9. Glen Leven Allen Further Study -- 

10. Church St./Cambridge Malletts None -- 

11. Village Oaks/Chaucer Ct. Malletts Storage $1.2m 

12. Parkwood/Pittsfield Village Malletts Storage $0.5m 

13. Signature Drive Malletts Conveyance $0.2m 

14. S. Industrial/Packard Rd. Malletts None -- 

15. Traver/Barton Traver Conveyance $0.2m 

16. Glendale Circle / Virginia Park Allen BMP-Storage $5.1m* 

*Cost estimates for these sites are based on Green Streets policy implementation only. Other portions of 

the recommended stormwater management improvements would take place on private property and 

would not be funded by the City. 

In total, the recommended improvements are projected to cost approximately $34 million in year 2017 

dollars. This does not include long term stormwater management improvements which have been 

recommended for the Lower Allen Creek and for the Glendale Circle/Virginia Park study areas. 

Prioritization of the recommended improvements will be considered as part of the City’s Capital 

Improvements Programming process.  
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5. Stormwater Management Scenarios 

A. Citywide Stormwater Management Scenarios  
The stormwater model was utilized to evaluate the potential impacts of expanding low-impact 

development (LID) and green infrastructure (GI) concepts citywide to the stormwater system. LID and GI 

are decentralized stormwater best management practices (BMPs) that infiltrate and/or detain runoff 

close to its source. By reducing site runoff and peak flow rates, these features can improve the level of 

service provided by the existing stormwater system. In this study, the following stormwater strategies 

were considered: 

 Green Streets: The City’s Green Streets policy includes on-site infiltration standards for public 

roadway and right-of-way (ROW) construction and reconstruction projects. The policy calls for 

infiltration of 1 inch (1st flush), 2.35 inches (50% annual chance 24-hour storm) or 3.26 inches 

(10% annual chance 24-hour storm) of total precipitation volume that falls on the ROW, 

depending on site soil conditions, slope and proximity to floodplain (Table 5-1).  

Table 5-1 – Infiltration Standard Excerpted from Green Streets Policy 

 

Figure 5-1 shows the applicable infiltration standard with streets color-coded based on soil map 

information. It is assumed that on-site infiltration is not available in areas with groundwater 

levels within 5 feet of the ground surface. Streets already reconstructed with Green Street 

concepts were not included in the mapping and the model analysis of this approach. 
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Figure 5-1 – Potential Infiltration for Green Street Application 

  

 

 Rain Gardens for Single-/Two-Family Homes: Currently the City requires storage of 1st flush (1 

inch) of runoff for new impervious area on an individual single- or two-family parcel if the net 

increase in impervious area exceeds 200 sf. There are residential stormwater credits available 

for customers that become RiverSafe Home Partners, install rain barrels, or create a rain 

garden, cistern, or drywell. Support for rain garden design and construction is available through 

Washtenaw County’s Rain Garden Assistance Program, and rain gardens have already been 

installed through many areas of the City, as shown in Figure 5-2. This scenario assumes that 

these rain garden initiatives were applied broadly to allow for storage of first flush for all 

impervious surface areas for all single- and two-family homes citywide. For a typical parcel, this 
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would require a rain garden with a capacity of approximately 1500 gallons. This would add up 

to 67MG of rain garden storage if applied citywide. 

Figure 5-2 – Residential Rain Gardens in the City of Ann Arbor  

 
(Source: Washtenaw County Rain Garden Assistance Program, colors indicate different years of rain 

garden installations) 

 University of Michigan Redevelopment: This scenario assumes that the University of Michigan’s 

stormwater management strategy would align with new development requirements of the City 

and Washtenaw County Water Resources Commissioner’s Office (WCWRC). This would include 

infiltrating at least the 1st inch of runoff (1st flush) and detaining runoff from 1% AEP 24-hour 

storm events for all University properties discharging into County drains or the City’s storm 

sewer system. Most of Central and Athletic Campus areas drain to Allen Creek while the eastern 

part of North Campus drains to Millers Creek. 

 Downtown Stormwater Management: On top of Green Streets in the downtown area, this 

scenario assumes 1% AEP storm detention would be provided for the entire tributary area 

between Catherine Street to the north, State Street to the east, Jefferson Street to the south 

and railroad to the west. This strategy is based on recent experience with stormwater 

management work on South Fourth Avenue, and other soil testing in downtown areas, which 

indicated that 1% AEP storm detention and infiltration can be achieved. These areas are all 

tributary to Allen Creek and are shown in brown in Figure 5-3.  

 New Development and Redevelopment of Commercial and Multi-Family Parcels: This 

stormwater management approach accounts for redevelopment of commercial, multi-family 
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and public properties larger than 1 acre that are currently without any existing on-site 

stormwater control. Following the latest WCWRC’s stormwater design standards, 1% storm 

detention would be provided along with storage/infiltration of at least the first flush. Figure 5-3 

maps the locations of these properties in orange. These properties are concentrated around W. 

Stadium Blvd in the upper tributary area of Allen Creek, S. Industrial, Research Park, and 

Washtenaw/Huron Parkway areas in Malletts Creek. This also includes undeveloped areas at 

Dhu Varren/Pontiac Trail and Dhu Varren/Nixon Road that are expected to have future large-

scale residential development. 

Figure 5-3 – Potential Infiltration and 1% Storm Detention Areas 
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These different stormwater management strategies were evaluated in the modeling for Lower Allen 

Creek, which was presented in Section 4C of this report. That analysis compared the relative impacts of 

the different strategies at different locations along Allen Creek and under different design storm 

scenarios. The next section presents our analysis of city-wide application of combined strategies under 

future condition scenarios. 

B. Future Conditions 
The stormwater management strategies described in the previous section are to be broadly applied and 

should be considered as long-term stormwater management initiatives. Three (3) future scenarios were 

included: 2040, 2065 and 2115 to show potential progress over time. It was assumed that all of these 

strategies would be completed citywide by 2115 (in 100 years), and the levels of completion were 

determined based roughly on the redevelopment/reconstruction interval for each type of property. The 

commercial and multi-family percentages were weighted between the downtown properties and those 

outside of the downtown area. The actual implementation schedule for each scenario would vary 

depending on feasibility, funding availability, and changes in stormwater management policies. For the 

purposes of this evaluation, Table 5-2 shows the assumption of percent completion for each of the 

future conditions scenarios. 

Table 5-2 – Future Scenarios Assumptions for Stormwater Management Strategies 

Future Scenario 2040 2065 2115 

Green Streets 25% 50% 100% 

Residential Rain Gardens 50% 100% 100% 

University Redevelopment 50% 100% 100% 

Downtown Storage and Infiltration 25% 50% 100% 

Commercial and Multi-Family 
Redevelopment 

45% 85% 100% 

 

Appendix B contains a series of maps showing the combined impact of all stormwater strategies in 

2040, 2065 and 20115 scenarios under current 20% AEP 1-hour and 10% AEP 12-hour design storms for 

each watershed.  

Figures 5-4 to 5-8 below show hydrographs at the downstream end of each major creekshed under the 

10% AEP storm for the different future condition scenarios, and are compared to the current conditions. 

These strategies could reduce both runoff volume and peak flow and improve the level of service in 

large portions of the drainage system. For example, peak flow exiting Malletts Creek could be dropped 

by more than 50% by 2115 because the Mary Beth Doyle Park regional detention basin would no longer 

be full and overflow during the 10% AEP storm.  

However, as shown in the maps in Appendix B, all of these strategies combined could not completely 

eliminate flooding in the 1% AEP floodplain and in other frequent flooding areas. For example, ponding 

at Edgewood/Snyder would be reduced by almost 3 feet but not eliminated during the 10% AEP storm. 

BMPs like residential rain gardens, as well as those employed as part the Green Streets policy, are 

designed to be most effective in more frequent storms that are much smaller in size and less intense 

than the 10% and 20% AEP design storm events evaluated here. 
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Results of the stormwater management modeling indicate that the greatest impact of the combined 

strategies in terms of peak flow reduction would be seen in Malletts Creek, along with Traver Creek and 

Millers Creek. The peak flow impacts are less pronounced for Allen Creek and for Swift Run. The results 

for Allen Creek are noticeably unstable at lower flow rates. This instability in the model predictions is 

due to the location of the observation point at the mouth of Allen Creek, where it is affected by the 

assumed level of the Huron River.  

Figures 5-4 to 5-8 – Flow Hydrographs for Current and Future Conditions (10% AEP, 12-Hr Storm) 

 

 

The results shown in Figures 5-4 to 5-8 once again indicate that significant improvements in stormwater 

system performance can be achieved through stormwater management policies and programs. Section 

4.C.i provides a comparison of the individual stormwater management strategies, and includes 

recommendations for future stormwater management policies in the Allen Creek watershed.
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6. FEMA Floodplain Comparison 
The objective of the FEMA floodplain comparison was to compare the calibrated InfoSWMM model 

results to existing FEMA Flood Insurance Rate map (FIRM) floodplain maps. The delineation based on 

the InfoSWMM model data would provide the City with an additional source of flood level data that 

could be used for future floodplain analysis and management. 

The existing FEMA FIRM floodplain areas were delineated as part of a FEMA study in 2013, using HEC-

RAS stormwater model results. Separate HEC-RAS models were developed for Allen Creek, Malletts 

Creek, Traver Creek, Millers Creek, and Swift Run. The calculation methods for each model varied 

between steady state and non-steady state models, and they each had different approaches to estimate 

runoff.  

As part of this project, the InfoSWMM model was used to simulate a 1% AEP, 24-hour storm, and peak 

flows and peak water surface elevation (WSEL) data were generated. The water surface elevations from 

the model were then used to delineate floodplain contours using the latest LIDAR-based topographic 

data, and differences between the model-based contours and the FEMA floodplain contours were 

compiled.  

An example of the comparison is shown in Figure 6-1 below for the Swift Run Drain. 

Figure 6-1 – Comparison of FEMA FIRM Effective and InfoSWMM Model Results 

 

Complete maps showing the floodplain comparison by Creekshed are shown in Appendix C. 

Table 6-1 provides a comparison of the different models and data sets used in the two delineations. 
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Table 6-1 – Floodplain Delineation Data Sources 

 FEMA FIRM Maps Model-Based 

Model Software HEC-RAS InfoSWMM 

Steady/Un-steady Flow Steady (except for portions 
of Traver Creek study) 

Unsteady 

Storm Standard Source TP-40/ISWS Bulletin 71 NOAA Atlas 14 

Storm Volume 4.36”/4.75” 5.11” 

Hydrologic Analysis / Response 
Representation 

Various (Rainfall-Runoff 
Unit Hydrograph method, 
Brater’s Unit Hydrograph 
method, MDEQ SCS, SCS 

unit-hydrograph) 

SCS Type II / Green-
Ampt infiltration 

Elevation Contour Data Source DEM (1997), field survey LiDAR (2009) 

 

The comparison of the InfoSWMM model-based 1% floodplain area to the existing FEMA FIRM 

floodplain area was made using ArcGIS software. For each creekshed, tabulations were made for the 

modeled floodplain surface area (acres), and the number of parcels and buildings affected by the 

modeled floodplain area, in each case compared to the effective FEMA FIRM map area. These results are 

shown in Table 6-2. 

Table 6-2 – Comparison of FEMA FIRM to Model-based Floodplain Data 

    Total Allen Malletts Millers Swift Traver 

FEMA FIRM Effective  
(within City Limit) 

Acres 462 123 151 51 76 62 

  Buildings 499 390 55 4 28 22 

  Parcels 887 483 219 24 101 60 

          

Model Delineated  
(within City Limit) 

Acres 514 145 173 55 79 62 

  Buildings 565 404 88 6 57 10 

  Parcels 1205 635 352 25 120 73 

        

Model Delineated 
(within Effective Limit of Study) 

Acres 425 98 143 55 79 50 

  Buildings 427 307 47 6 57 10 

  Parcels 841 404 233 25 119 60 

         

Model Delineated  
(beyond Effective Limit of Study) 

Acres 89 47 29 0 0 12 

  Buildings 138 97 41 0 0 0 

  Parcels 238 121 111 0 0 6 
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    Total Allen Malletts Millers Swift Traver 

Added during comparison Acres 176 56 77 11 14 19 

  Buildings 242 130 76 2 33 1 

  Parcels 318 152 133 1 19 13 

          

Removed during comparison Acres 125 34 55 7 10 18 

  Buildings 176 116 43 0 4 13 

  Parcels 0 0 0 0 0 0 

 
There were two notable areas of the delineation and comparison where the FEMA FIRM mapping study 

limits led to significant differences 

 Allen Creek south of Hill Street – In the current FEMA floodplain, the area of Allen Creek located 

south of Hill Street is not included. Using the InfoSWMM model data, the floodplain delineation 

would extend south through Hoover and S. State Street, covering an additional 47 acres. The 

area outside of the FEMA FIRM effective area would include 97 buildings and 121 parcels. 

  

 Upper Malletts Creek – The scope of the existing FEMA floodplain delineation did not extend 

west of South Seventh Street because of tributary area size limitations in the mapping 

procedure. Using the citywide stormwater model for stormwater data would not have this 

restriction so the Upper Malletts Creek area was included in the delineation. The model-based 

floodplain area beyond the FEMA FIRM Effective study area would include an additional 14 

acres, with 41 additional buildings and 98 additional parcels. 

During the floodplain delineation and comparison, it was noted that many of the differences were a 

result of using newer LiDAR based contour data. To better understand the source of differences in the 

predicted floodplain areas, the City asked for a delineation using the existing FEMA FIRM flood 

delineated areas, while adjusting to utilize updated LiDAR elevation contours.  

Table 6-3 – Floodplain Comparison Using LiDAR Contour Data Only 

    Total Allen Malletts Millers Swift Traver 

FEMA Effective Acres 462 123 151 51 76 62 

  Buildings 499 390 55 4 28 22 

  Parcels 887 483 219 24 101 60 

                

LiDAR Contour Acres 519 131 191 40 77 80 

  Buildings 604 440 79 4 55 26 

  Parcels 946 521 223 20 118 64 

                

Net Change Acres 57 8 40 -10 1 18 

  Buildings 105 50 24 0 27 4 

  Parcels 59 38 4 -4 17 4 
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The same delineation process was used and the results of the comparison are shown below in Table 6-3. 

A portion of the overall net change in acreage, buildings, and parcels included in the floodplain areas can 

be attributed to the updated LiDAR elevation contours. However, the updated rainfall volume and 

resulting flow data, and the addition of previously excluded areas in Allen Creek south of Hill Street and 

in the Upper Malletts Creek area west of South Seventh Street were the major factors in the differences 

shown in the floodplain area comparison. 
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7. Project Conclusions 

The overall goals of the City of Ann Arbor Stormwater Model Calibration and Analysis project were to 

develop the model as a stormwater analysis tool and to provide answers to the City’s current 

stormwater system management questions. Upon completion of the project, the following outcomes 

and conclusions are reported. 

 The citywide stormwater model has been updated to reflect the current system configuration 

and it has been calibrated based on collected flow and rainfall data. 

Model updates were made prior to preliminary calibration to add model functionality, including 

representation of overland flows. Preliminary calibration with 2007 data provided 

improvements in model performance but was limited by a lack of large storm data. Additional 

data collection was recommended to improve dormant season parameters, boundary condition 

information, and calibration accuracy overall. 

Additional model updates were made to reflect 2013 stormwater system configuration and to 

allow for 2D modeling as part of final calibration. The calibration and validation work performed 

with 2013 data had good agreement between model-predicted values and monitor-observed 

values for volume and flow rate. Adjustments were made to the preliminary model parameters 

to improve the model performance. In general, the model-predicted flows and volumes were 

within 15% of recorded data, which fall within the expected range of agreement for stormwater 

models of this size and level of detail.  

 The project was able to involve stakeholders and interested citizens in the project. 

A number of public engagement initiatives were utilized during the project and the following 

items were noted: 

 A high level of public participation was observed in Phase I public meetings and in the online 

stormwater survey, especially from areas that have been affected by recent flooding. 

 Areas that had not been affected by recent flooding were not well represented in Phase I 

public meetings. 

 The large event data gathering (LEDG) program was a successful public engagement activity, 

attracting a “Citizen Storm Corps”, made up of interested residents who were able to 

participate directly in stormwater management observations. 

 The Stormwater Advisory Group (SWAG) was formed primarily to provide review and 

guidance of public interactions, but ended up providing valuable technical input and 

feedback throughout the entire project. The SWAG was made up primarily of stormwater 

professionals, representatives from local watershed groups, and interested citizens. 

 Phase II public meetings were reasonably well-attended, reflecting an overall interest in 

stormwater management issues by Ann Arbor residents. 

 A stormwater video was developed as part of the project that will highlight the importance 

and relevance of stormwater management in the City of Ann Arbor. 
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 The project had input from the over-arching wet-weather projects Technical Oversight and 

Advisory Group (TOAG) at key technical milestones, including after final calibration and 

during the stormwater improvements evaluations.  

 

 The existing stormwater system performance was evaluated for a range of design storms, 

leading to a set of potential stormwater system improvements. 

The stormwater system is performing at a consistent design level of service for most areas of 

the City. The 10% annual exceedance probability (AEP), 12-hour storm is the current design 

standard, which is a 2.9” storm using NOAA Atlas 14 rainfall volumes. In the Allen Creek 

watershed and in the Malletts Creek watershed, there are areas where surface flooding is 

predicted during the 10% AEP storm and in some cases during the 20% AEP storm. Sixteen study 

areas were evaluated for potential stormwater system improvements and these were presented 

in a series of public meetings in November 2014. The recommended improvements total over 

$34 million and will be considered as part of the City’s CIP Programming. Implementation of 

longer term stormwater management strategies are recommended for the Allen Creek 

watershed. The Green Streets portion of these improvement strategies was estimated at $80 

million to $120 million.  

 The model was used to evaluate the effectiveness of stormwater management strategies.  

The evaluation of future stormwater management strategies indicated that the City should 

continue runoff reduction programs, including the Green Streets Policy and Residential Rain 

Garden Programs. There should also be significant efforts put into encouraging compliance with 

new development standards during redevelopment of commercial, multi-family, and school or 

University properties. Future condition modeling scenarios show the potential for significant 

improvements in stormwater system performance, especially during more frequent storm 

events. 

 New model data was produced, allowing for comparison with existing FEMA FIRM Map 100-

year floodplain delineation.  

A FEMA FIRM floodplain comparison was performed using updated LiDAR elevation contours 

and also using flow and water level data generated by the new InfoSWMM model for the 1% 

annual exceedance probability (AEP) storm. The 1% AEP floodplain was delineated using these 

two data sets for comparison with the existing FEMA FIRM floodplain contours. The improved 

refinement of 1% AEP floodplain data will be available for future FEMA floodplain mapping and 

will support better decision-making on floodplain management issues. 

 Supporting documentation was produced, which will allow the City to utilize the stormwater 

model as a system management tool. 

Project documentation being provided to the City includes archives of project data files and 

model files. Training sessions and written procedures for model updates and storm scenario 

updates have been prepared that will enable a smooth transition of stormwater modeling 

responsibilities and capabilities to City Staff. The model will be capable of providing output for 

various applications, from green infrastructure planning and stormwater system design, to 

floodplain analysis and emergency management. In addition, the City can build in procedures for 
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model adaptation so that adjustments can be made to reflect future stormwater system 

performance monitoring or to respond to new storms or storm standards.  
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