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Tamarack Creek Restoration

1.0 Introduction

The proposed restoration project will improve approximately 2,000 feet of Tamarack Creek along
its headwaters, located west of Northwestern Highway (M-10) in the southwest quadrant of the
10-Mile Road / Evergreen Road intersection, in the City of Southfield, Michigan. Figurelisan
overview map that depicts the drainage area, stream reaches within the project area (Reaches 1-3),
and major stormwater structures/facilities within the project area, overlaid on aUSGS topographic

basemap.

Figure 1. Overview Map
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Tamarack Creek Restoration

The approximately 1.0 square mile drainage area is highly urbanized, with residential and
commercial/industrial land uses accounting for approximately 80% of the drainagearea. The creek
originates at the 6.7'x9.5" Michigan Department of Transportation (MDOT) outfall. The MDOT
in-line detention basin is under-utilized for flood storage/peak flow reduction due to alack of an
effective control structure. Invasive wetland vegetation within the MDOT detention basin will be
removed and replaced with native species. The existing road crossing with three elliptical concrete
culverts located downstream of the MDOT basin isin poor condition and represents a barrier to
fish passage, so it will be removed and replaced with an at-grade crossing. The proposed at-grade
crossing isrequired so that the landowner can access property located east of the creek. Reaches 1
and 2 are channelized and entrenched, so they will be reconstructed as a 2-stage channel to increase
floodplain access, sinuosity, and bedform diversity, which will help stabilize the bed and banks
and provide habitat benefits. Reach 3 will not be reconstructed. Large woody debris structures
and at-grade rock riffles will be constructed within Reach 3 to improve habitat and stabilize

eroding banks.

The drainage area delineation depicted in Figure 1 was based on that published by Hubbell, Roth,
and Clark (HRC) for Oakland County in 2006. It was intended to be used to establish a drainage
district for a proposed Chapter 10 county drain, which was never implemented. ECT verified the
drainage area boundaries by reviewing 2-foot ground elevation contours obtained from Oakland
County and GIS storm sewer data provided by the City of Southfield.

Tamarack Creek isatributary of Evans Creek and the Middle Rouge River. Asmuch of itsdrainage
areais urbanized, it receives large quantities of uncontrolled stormwater runoff. The high channel
velocities caused by large peak flows have led to bank erosion and sedimentation of instream
habitat. Additionally, excessive velocity is destabilizing substrates that are important for fish and
macroinvertebrate habitat. The goal of this project is to address these habitat impairments and

increase fish and wildlife diversity and productivity.
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Torestore the stream habitat in Reaches 1 and 2, the floodplain will be expanded, which will allow
the stream to convey large stormwater flows without causing excessive in-channel velocities and
destabilizing substrate. The new floodplain will be planted with native plants and trees and will
include an access road for maintenance. A new stream channel will be constructed with increased
sinuosity to lower the slope and further lower the velocities in Tamarack Creek. Toe wood
structureswill beincorporated into the design to provide habitat, stabilize stream banks, and reduce
erosion. Depressions will be created in the floodplain adjacent to the reconstructed channel in
Reaches 1 and 2 to encourage the formation of additiona wetlands.
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2.0  Alternative Analysis

Two-Stage Channel Design

Tamarack Creek receives large quantities of uncontrolled stormwater runoff from a highly
urbanized tributary area, resulting in large peak flows, shear stresses, and channel velocities that
have caused excessive bank erosion and channel incision (floodplain disconnection). The
excessive erosion and subsequent sedimentation problems have removed instream habitat by
destabilizing substrate that isimportant for fish and macroinvertebrate habitat. The proposed two-
stage channel design will limit channel depths, velocities, and shear stresses and improve habitat
conditions by providing floodplain access. The first stage of the channel isrelatively small, sized
for the bankfull flow event (1- to 2-year frequency flow). Therelatively small first stage channel,
with a v-shaped bottom, will generate sufficient low-flow depths and velocities to minimize
sediment deposition during normal flows. Excavating bankfull benches on either side of the first
stage channel will create a second stage channel that provides floodplain access, which is needed
to increase flow capacity during larger storm events and limit bankfull channel depths, velocities,
and shear stresses to promote bed and bank stability. The floodplain beltwidth was designed to be
aminimum of 3.5 times the bankfull width based on widely accepted performance standards. The
width of the floodplain benches was limited by private land impacts and cost constraints. Other
benefits related to increased floodplain connectivity include enhanced hydration of the floodplain
to encourage devel opment and/or redevelopment of wetlands, nutrients processing, water quality,
groundwater-surface water exchange, and better health of microbial, vegetation, and

macroinvertebrate communities.

Removal of existing stream crossing and culverts

The proposed removal of the existing Audrey Lane crossing and associated triple-barrel culvert
will naturalize the stream, prevent further sedimentation upstream of the culverts, and remove a
barrier to fish passage. The existing culverts are in poor structural condition and two out of the
three culvert barrels have adverse slopes. The culvert will not be replaced because Audrey Lane
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isan abandoned drive. An access route parallel to the stream and an at-grade fjord stream crossing
are proposed to address the need for future maintenance and property access. Though in poor
condition, the existing road crossing provides the landowner with accessto property along the east
side of Tamarack Creek. The landowner desires to maintain some sort of access. Multiple options
were considered including a clear-span bridge, bridge on pilings, boardwalk, culverted crossing,
and afjord or at-grade crossing. Most of the options considered were too costly to reasonably meet
the project purpose. The at-grade crossing was sel ected because it had the least impact on project
purpose, had a reasonable construction cost, and will allow the landowner to cross the creek at
baseflow.

Hard Armoring

Hard armoring slopes with riprap was considered as a means to minimize bed and bank erosion.
Hard armoring was not selected because it provides little or no habitat value and it does not allow
the stream to adjust its boundaries and create or modify bed features. Another potential problem
with hard armoring along streambanksisthat if it isundermined during alarge storm event, it may
slump into the channel and cause bed and bank instabilities. Furthermore, the soils are

predominantly cohesive clay loams that are somewhat resistant to erosion.

Detention Pond Outlet Control Structure

Moderating highly variable flows through installation of an outlet control structure was considered
during the design process. The existing MDOT detention basin at the headwaters of the creek is
currently under-utilized for detention purposes. It was thought that an outlet control structure
would moderate highly variable storm flows and prevent substrate from washing away during each
storm event. However, the outlet control structure was ultimately removed from the proposed
design due site constraints, property ownership patterns, budget limitations, and maintenance

concerns.

Do Nothing
The*do nothing” approach was ruled out asit does not accomplish the project goa of creating and

restoring habitat for fish and wildlife.
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3.0 Channel Form and Function

The document titled A Function-Based Framework for Stream Assessment & Restoration Projects,
(EPA 843-K-12-006, May 2012), referred to herein as the “ Stream Functions Pyramid” guidance
document, describes data collection techniques and evaluation criteria associated with the
following five stream functions parameters. These five key parameters represent the foundation
of the Stream Functions Pyramid. Higher functions (physiochemical and biological) cannot be
achieved until these five key parameters are functioning. The functiona assessment methodol ogy
can be applied to show how the functions of an existing stream are impaired (demonstrate need for
restoration) and how proposed restoration can address those impairments by improving stream
functions (demonstrate the effectiveness of restoration). We are confident that the evaluation of
the five parameters described below will demonstrate the need for the proposed project and show

asignificant functional lift.

e Parameter #1: Floodplain Connectivity

e Parameter #2: Bedform Diversity

e Parameter #3. Bank Migration/Lateral Stability
e Parameter #4. Riparian Buffer

e Parameter #5. Large Woody Debris

Parameter #1: Floodplain Connectivity

The evaluation criteria associated with floodplain connectivity varies by stream classification and

requires bankfull verification, so these two items are discussed first.

Bankfull Verification

Bankfull elevationswere verified before floodplain connectivity metrics were evaluated. Bankfull
field indicators (depositional surfaces on existing point bars, benches, scour lines, etc.) were
surveyed and in the field and verified through hydrologic/hydraulic analysis. The bankfull flow
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rate is typicaly in the 1- to 2-year frequency range, so hydrologic analyses were performed to
determine the 1- and 2-year frequency flows. An existing condition HEC-RAS hydraulic model
was devel oped using cross-sections collected during the stream survey. Theflow ratein the model
was adjusted until the water surface elevation in the model matched the elevation of bankfull field
indicators. The results indicated that flow rate in the model needed to match the bankfull field
indicators fell in the 1- to 2-year frequency flow range, which was considered verification of the
field indicators.

For Reach 1, theinitial hydraulic model runs predicted depths significantly higher than the bankfull
indicators dueto a culvert capacity restriction at the downstream end of Reach 1. Thetriple-barrel
culvertispartially buried due to sedimentation and two out of the three culvert barrels have adverse
slopes. When theserestrictionswere reflected in the hydraulic model, the backwater effects caused
the predicted bankfull water surface elevations upstream of the culvert to rise significantly higher
than the tops of the banks. When the culvert restrictions were relaxed in the model, the simulated
depths matched the tops of the banks. Theseresultslikely indicate that the observed sedimentation
gets washed away during large (bankfull) storm events and then builds back up again as
floodwaters recede and/or during low flow conditions in between large events. Another potential
explanation is that the bankfull channel was formed prior to the recently observed culvert
restrictionsthat may have been caused by arecent system change (sedimentation, structural failure,
and/or other causes) and the upstream channel still reflects the bankfull flow dynamics that shaped
the channel prior to the recent change. Additiona investigation would be needed to better
understand the culvert dynamics, which is outside the scope of the analysis. For the purposes of
thisanalysis, the key finding was that the hydraulic modeling verified that the bankfull design flow
rate was consistent with the observed bankfull indicators of the channel in Reach 1 after making
reasonabl e assumptions to justify relaxing the culvert restrictions. This finding was supported by
the results of similar (Iess complicated) hydraulic analysesin Reaches 2 and 3. Detailed results of

the hydraulic modeling are presented in a separate “Hydraulic Modeling” section of this report.
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Stream Classification — Existing Conditions

Stream classification was performed using the Rosgen morphological classification flow chart to
determine the appropriate criteria to assess floodplain connectivity. Table 1 isasummary of the
stream classification results, along with the riffle bankfull channel dimensions and associated

metrics that were used to perform the stream classification for existing conditions.

Table 1. Stream Classification M etrics — Existing Conditions

Existing Conditions - Tamarack Creek
Max | Bankfull Bankfull Bankfull | Floodprone |Entrenchment| Width to Energy
Reach Cm?s- Bankfull| Mean Flow Width Width Ratio Depth Gr.ade Stream
Section| Depth | Depth | Area () () (FR/BE width)| Ratio Line Class
(ft) (ft) | (saft) Slope (%)
1 24+15 1.03 0.91 12.00 13.23 37 2.8 14.5 0.16% C
1 23+79 1.05 0.95 13.85 14.36 39 2.7 15.1 0.15% C
1 22+82 2.00 1.47 17.94 12,22 95 7.8 8.3 0.11% E
1 21+91 1.18 1.04 14.32 13.77 88 6.4 13.2 0.21% C
1 21+52 2.00 1.14 33.14 28.97 85 2.9 25.4 0.04% C
2 20+56 2.00 1.29 25.00 19.28 36 1.9 15.0 0.21% B
2 19+89 3.00 2.25 33.70 14.97 31 2.1 6.7 0.10% B
2 18+79 3.00 2.00 22.28 11.14 48 4.3 5.0 0.53% E
2 18+08 2.53 1.57 27.82 17.67 42 2.4 11.3 0.39% E
2 17+29 3.23 2.09 33.87 16.18 74 4.6 1.7 0.15% E
2 16+27 2.08 1.44 26.37 18.27 132 7.2 12.7 0.40% C
2 15+56 1.87 1.51 22,77 15,13 93 6.5 10,0 0.59% E
3 14+50 2.09 1.50 22.58 15.05 182 12,1 10,0 0.58% E
3 13+25 2.00 1.69 27.75 16.43 227 13.8 9.7 0.55% E
3 12+51 2.15 1.59 28.27 17.73 179 10.1 11.2 0.28% E
3 11451 2.06 1.60 20.52 12.84 180 14.0 8.0 0.44% E
3 10+51 2.16 1.56 35.79 22,94 234 10.2 14.7 1.10% C
3 9+50 2.23 1.67 26.05 15.62 268 17.2 9.4 0.44% E
3 6+50 2.08 1.72 28.35 16.51 170 10.3 9.6 0.38% E
3 5+51 2.35 1.61 39.20 24.41 191 7.8 15.2 0.29% C
3 4+51 1.92 1.42 32.73 23.00 251 10.9 16.2 0.56% C
3 3+51 2.09 1.70 27.02 15.93 218 13.7 9.4 0.24% E
3 2451 2.00 1.18 36.37 30.72 138 4.5 26.0 0.18% C
3 1+01 1.49 1.23 22.07 17.92 227 12,7 14.6 0.89% c
3 0+51 2.50 1.64 33.33 20.37 246 12.1 12.4 0.43% C

Table 1 indicates that the existing condition of Tamarack Creek consists of Class B, C, and E
stream types. The areas within Reach 2 that keyed out as Class B reflect the relatively high
entrenchment of the stream due to bed degradation immediately downstream of the triple-barrel
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culvert depicted in Figure 1. The proposed floodplain construction will restore the B sub-reaches

back to their original C or E conditions.

A bed material analysis was performed to further define the stream type. The results of bed
sediment sampling and subsequent sieve analysis (Table 2) indicated that the mean particle
diameter (D50) in Reaches 1-3 ranged from 0.44 to 1.3 mm, which iswithin the size range of sand
(0.06 to 2 mm). All sediment samples were majority sand with smaller percentages of gravel.
Appendix A contains the detailed results of the sieve analysis, including gradation curves. The
2004 soil boring dataobtained from HRC (Appendix B) indicated that the local geology consisted
of 3to 12 inches of loam or clay loam topsoil above a clay base, which is consistent with visual

field observations.

The bed material sampling results and bankfull shear stress estimates at the bed material sampling
locations were used to gain insight into existing sediment transport characteristics. Note that
Tamarack Creek has avery low sediment supply because the drainage areais highly urbanized and
entirely enclosed upstream of the project, so a detailed sediment transport analysis was not within
the scope of this project. Table 2 indicates that the D84 particle size (incipient particle diameter),
which istypicaly astrong indicator of channel form, is mobile in Reaches 2 and 3, but not Reach
1. These results seem reasonable considering the extremely flat slope and sedimentation observed
in Reach 1 upstream of the partially buried triple-barrel culvert. In Reaches 2 and 3, the moveable
particle size is not extremely large (approximately 1-inch), but there is a limited supply of coarse
materia at the project site (based on the results of the soil borings and sieve analysis) and alack
of coarse material being delivered from the enclosed system upstream of the project site, so almost
al of the relatively fine material available to the stream is readily transported. These findings
suggest that existing cohesive clay soils have a strong influence on the channel morphology and
stability of Tamarack Creek. Based on these results, and the prevalence of E stream characteristics
in Table 1, Tamarack Creek is best classified as an E6 (clay bed) stream type.
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Table 2. Existing Bed Material Characteristics

Moveable Particle .
Cross | DKMl 1 5oy | Dga | Sizebasedon | D84Particle

Reach Section Sheer Stress (mm) | (mm) Shields Curve Mabile

(Ib/sq ft) (mm) (Yes/No)
1 22+82 0.09 11 6.7 6.3 No
2 18+79 0.56 058 | 16 33.0 Yes
13+25 0.52 044 | 41 30.2 Yes
3 9+51 0.42 1.3 6.1 23.4 Yes
6+51 0.37 061 | 42 20.0 Yes

The existing conditions of the channelized stream in Reaches 1 and 2 is relatively straight, so it
does not have the high snuosity typical of natural E-streams (stream length >1.5 times valley
length); although, the proposed re-alignment will significantly increase the sinuosity through the
construction of severa meander bends.

Floodplain Connectivity Evaluation — Existing Conditions

Two metrics were evaluated to assess floodplain connectivity:

e Entrenchment Ratio

e Bank Height Ratio.

The Entrenchment Ratio is the floodprone width (channel width at twice the bankfull depth)
divided by the bankfull width. The Bank Height Ratio isthe low bank height (point at which flow
spills out onto the floodplain), divided by the max bankfull depth. Max bankfull depth is defined
as the distance between the bankfull and thalweg elevations.

Table 3liststheresults of the Entrenchment Ratio and Bank Height Ratio cal culationsfor existing
conditions. The functioning, functioning-at-risk, and non-functioning parameters are highlighted
in the table based on the Stream Functions Pyramid performance standards for Class C and E
stream types (Appendix C), which are listed at the bottom of the table. The results indicate
floodplain connectivity is anon-functioning parameter for alarge portion of Reach 2, which helps

demonstrate the need for the proposed stream restoration project. The results also indicate that
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Reach 1, and most of Reach 3, has good floodplain connectivity. Theresultsfor Reach 1 arelikely
dueto theinfluence of thetriple-barrel culvert, which currently provides grade control, asindicated
by the sedimentation that has partially buried the culvert and the extremely flat slope of the channel
upstream of the culvert. The culvert will be removed as part of the proposed project becauseit is
abarrier tofish passageand it isin poor structural condition. The proposed channel reconstruction
in Reaches 1 and 2 will increase the floodprone width of the channel and add meander bends for

further energy dissipation to maintain stability in Reach 1 after the culvert is removed.
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Table 3. Floodplain Connectivity Metrics— Existing Conditions

Existing Conditions - Tamarack Creek
Max .
Cross. | Bankfull Bankfull| Floodprone | Low Bank |Entrenchment| Bank Height
Reach section | Depth Width Width Height Ratio Ratio
() (ft) (ft) (ft) (FP/BF width) | (LB/BF height)
1 24+15 1.03 13.23 37 1.03 2.8 1.0
1 23+79 1.05 14.36 39 1.05 2.7 1.0
1 22+82 2.00 12.22 95 2.00 7.8 1.0
1 21+91 1.18 13.77 88 1.18 6.4 1.0
1 21+52 2.00 28.97 85 2.00 2.9 1.0
2 20456 2.00 19.38 36 6.20 1.9 3.1
2 19+89 3.00 14.97 31 7.00 2.1 2.3
2 18+79 3.00 11.14 48 7.00 4.3 2.3
2 15+08 2.53 17.67 42 6.01 2.4 2.4
2 17+29 3.33 16.18 74 5.22 4.6 1.6
2 16+27 2.08 18.27 132 2.14 7.2 1.0
2 15+56 1.87 15.13 98 2.40 6.5 1.3
3 14+50 2.09 15.05 182 3.10 121 1.5
3 13+25 2.00 15.43 227 2.27 13.8 1.1
3 12+51 2.15 17.73 179 2.15 10.1 1.0
3 11451 2.08 12.84 180 2.06 14.0 1.0
3 10+51 2.16 22.94 234 2.16 10.2 1.0
3 9+50 2.23 15.62 268 2.22 17.2 1.0
3 6+50 2.08 16.51 170 2.08 10.3 1.0
3 5451 2.35 24.41 191 2.35 7.8 1.0
3 4+51 1.92 23.00 251 2.14 10.9 1.1
3 3+51 2.09 15.93 218 2.08 13.7 1.0
3 2451 2.00 30.72 138 2.00 4.5 1.0
3 1+01 1.49 17.92 227 2.00 12.7 1.3
3 0+51 2.50 20.37 246 3.00 12.1 1.2
Entrenchment Ratio Bank Height Ratio
< 2.0 not functioning > 1.5 not functioning
2.0to 2.2 functioning-at-risk 1.3 to 1.5 functioning-at-risk
= 2.0 functioning 1.0to 1.2 functioning
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Appendix D contains the RiverMorph output for existing conditions that support the values listed
in Tables 1-3, including:
¢ Riffle cross section plots, which include a horizontal line across each plot at the bankfull
elevation. Each plot isidentified by reach and river station in the title block.
e Each cross section is overlaid with a table that contain bankfull channel dimensions
corresponding to that cross section, including moveabl e particle sizes based on the Shields
Curve.
¢ Profile plots of the bankfull elevations by reach are included in the last three pages of the
appendix.

Stream Classification — Proposed Conditions

Thefloodplain connectivity analysisthat was described above for existing conditions was repeated
for the proposed conditions. Hydraulic modeling was performed to verify bankfull channel
dimensions and stream classification was performed to determine the applicable performance

standards to be used in the floodplain connectivity evaluation.
Table 4 isasummary of the proposed bankfull riffle dimensions and stream classification results.

The results indicate that the proposed reconstruction of Reaches 1 and 2 will result in a Class E

channel with bankfull dimensions similar to that of the Reach 3 reference conditions.
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Table 4. Stream Classification Metrics— Proposed Conditions

Proposed Conditions - Tamarack Creek
Max | Bankfull Bankfull Bankfull | Floodprone |Entrenchment| Width to Energy
Reach Crol.ss- Bankfull| Mean Flow Width width Ratio Depth Gr.ade Stream
Section| Depth | Depth | Area (ft) () (FR/BF width)| Ratio Line Class
(ft) (ft) | (sqft) Slope (%)
1 25+71 2.55 1.54 29.52 16.07 89 5.5 8.7 0.27% E
1 25+22 2.50 1.84 29.33 15.95 125 7.9 8.7 0.27% E
1 24+41 2.50 1.83 29.28 16.00 125 7.8 8.7 0.28% E
1 23+58 2.50 1.54 29.39 16.01 119 7.4 8.7 0.27% E
1 22+40 2.50 1.83 29.24 16.00 121 7.6 8.8 0.28% E
2 21+28 2.49 1.85 29.20 15.83 117 7.4 8.6 0.27% E
2 20+31 2.50 1.84 29.47 16.00 120 7.5 8.7 0.27% E
2 19+65 2.50 1.83 29.27 16.01 123 1.7 8.8 0.28% E
2 18+90 2.50 1.24 29.41 16.00 125 7.8 8.7 0.28% E
2 18+12 2.50 1.83 29.31 16.00 129 8.1 8.7 0.28% E
2 17+00 2.51 1.84 29.70 16.16 144 8.9 8.8 0.28% E
2 15+73 2.50 1.24 29.39 15.96 164 10.3 8.7 0.29% E
3 14+50 2.09 1.50 22.58 15.05 182 12,1 10.0 0.58% E
3 13+25 2.00 1.69 27.75 16.43 227 132.8 9.7 0.55% E
3 12451 2.15 1.59 28.27 17.73 179 10.1 11.1 0.28% E
3 11+51 2.06 1.60 20,52 12,84 180 14.0 8.0 0.44% E
3 10+51 2.16 1.56 35.79 22.94 234 10.2 14.7 1.10% C
3 9+50 2.23 1.67 26.05 15.62 268 17.2 9.4 0.44% E
3 6+50 2.08 1.72 28.35 16.51 170 10.3 9.6 0.38% E
3 5451 2.35 1.61 39.20 24.41 191 7.8 15.2 0.29% C
3 A+51 1.92 1.42 32.73 23.00 251 10.9 16.2 0.56% C
3 3+51 2.09 1.70 27.02 15,93 218 13.7 9.4 0.24% E
3 2451 2.00 1.18 36.37 30.72 138 4.5 25.9 0.18% C
3 1+01 1.49 1.23 22.07 17.92 227 12,7 14.6 0.89% C
3 0+51 2.50 1.64 33.33 20.37 246 12.1 12.4 0.43% C

Floodplain Connectivity Evaluation — Proposed Conditions

Table 5 lists the results of the entrenchment ratio and bank height ratio cal culations for proposed
conditions and highlights the functioning, functioning-at-risk, and non-functioning parameters
areas based on the performance standards listed in the Stream Functions Pyramid for Class C and
E streams (Appendix C), which are listed at the bottom of the table. The results indicate that the
proposed floodplain construction and channel relocation will improve floodplain connectivity,
compared to the existing conditions (Table 3). For example, the proposed floodplain construction

will nearly double the floodprone width of the channel in Reaches 1 and 2. For Reach 2, the
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proposed channel reconstruction will bring the non-functioning entrenchment ratios and bank

height ratios metrics into the functioning range.

Table 5. Floodplain Connectivity Metrics— Existing Conditions

Proposed Conditions - Tamarack Creek
Max .
Cross- | Bankfull Bankfull | Floodprone | Low Bank [Entrenchment| Bank Height
Reach Section | Depth Width Width Height Ratio Ratio
(ft) (ft) (ft) (ft) (FP/BF width) | (LB/BF height)
1 25+71 2.55 16.07 89 2.55 5.5 1.0
1 25422 2.30 15.95 1325 2.30 7.9 1.0
1 24+41 2.50 16.00 135 2.50 1.8 1.0
1 23458 2.30 16.01 119 2.30 7.4 1.0
1 22+40 2.50 16.00 121 2.50 7.6 1.0
2 21+28 2.49 15.83 117 2.43 7.4 1.0
2 20+31 2.50 16.00 120 2.50 1.5 1.0
2 19+65 2.50 16.01 123 2.50 1.7 1.0
2 18+90 2.50 16.00 135 2.50 7.8 1.0
2 18+12 2.50 16.00 129 2.50 8.1 1.0
2 17+00 2.51 16.16 144 2.51 8.9 1.0
2 15+73 2.50 15.96 164 2.50 10.3 1.0
3 14+50 2.09 15.05 182 3.10 12.1 1.5
3 13+25 2.00 16.43 227 2.27 13.8 1.1
3 12+51 2.15 17.73 179 2.15 10.1 1.0
3 11+51 2.06 12.84 180 2.06 14.0 1.0
3 10+51 2.16 22.94 234 2.16 10.2 1.0
3 9+50 2.23 15.62 268 2.22 17.2 1.0
3 6+50 2.08 16.51 170 2.08 10.2 1.0
3 5+51 2.35 24.41 191 2.35 7.8 1.0
3 4451 1.92 23.00 251 2.14 10.9 1.1
3 3+51 2.09 15.93 218 2.09 13.7 1.0
3 2451 2.00 30.72 138 2.00 4.5 1.0
3 1+01 1.45 17.92 227 2.00 12.7 1.3
3 0+51 2.50 20.37 246 3.00 12.1 1.2
Entrenchment Ratio Bank Height Ratio
< 2.0 not functioning = 1.5 not functioning
2.0to 2.2 functioning-at-risk 1.3 to 1.5 functioning-at-risk
= 2.0 functioning 1.0 to 1.2 functioning
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Appendix E containsthe RiverMorph output for proposed conditions that support the values|isted
in Tables4 and 5, including:
¢ Riffle cross section plots, which include a horizontal line across each plot at the bankfull
elevation. Each plot isidentified by reach and river station in the title block.
e Each cross section is overlaid with a table that contain bankfull channel dimensions
corresponding to that cross section.
e One profile plot that includes the bankfull elevations of the proposed reconstructed reach
(individually labeled by station) and the existing reference reach (Reach 3 not individually
labeled by station) isincluded as the last page of the appendix.

Parameter #2: Bedform Diversity

Bedform Diversity Evaluation — Existing Conditions

Three bedform diversity metrics were eval uated:
e Pool-to-Pool Spacing Ratio
e Percent Riffle and Pool
e Pool Max Depth Ratio

Table 6 lists the bedform diversity metrics for existing conditions and highlights the functioning,
functioning-at-risk, and non-functioning parameters based on the performance standards listed in
the Stream Functions Pyramid for perennial C and E stream typesin aluvia valleys (Appendix
C), which are listed at the bottom of the table. The results indicate that pool-to-pool spacing isa
non-functioning parameter for Reaches 1-3 because the pools are spaced too far apart. The
percentage of riffles versus poolsis a functioning parameter for Reaches 2 and 3 and functioning-
at-risk for Reach 1. Reach 1 isastraight channel, with no meander pools. The only pool in Reach
1 is a large scour hole near the downstream end of the reach. The pool max depth ratio is a
functioning parameter for all reaches, with the exception of one pool within Reach 3 (Sta4+51 to
3+01), which is not deep enough. It isonly 10% deeper than the bankfull mean riffle depth. The
performance standards require pools to be 50% deeper than the mean riffle depth to be considered

functioning.
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Table 6. Bedform Diversity Metrics— Existing Conditions

Existing Conditions - Tamarack Creek
Pool-to-Pool Pool Max Depth Ratio
Reach Station Spacing Ratio Percent | Percent |(Max Bankfull Pool Depth
eac
Range (Pool Spacing Unitized | Riffle Pool Unitized by Average
by Bankfull Width) Bankfull Depth)
1 27+21- 22409 32 76% 24% 1.9
22409 - 17+72 10 1.5
2 62% 38%
17472 - 14435 20 2.2
14435 - 13425 < 1.7
+25 - .
) 13425 - 4451 19 ca% 26% 1.6
4+51 - 3+01 20 1.1
3+01 - 0+00 55 1.6

Pool-to-Pool Spacing Ratio (Watersheds < 10 sq mi)

< 3.5 and > 8 not functioning
3.5to 5 and 7 to 8 functioning-at-risk
5 to 7 functioning

Percent Riffle
> 80 and < 40 not functioning
70 to 80 and 40 to 60 functioning-at-risk
60 to 70 functioning

Max Pool Depth Ratio
< 1.2 not functioning
1.2 to 1.5 functioning-at-risk
> 1.5 functioning

Bedform Diversity Evaluation — Proposed Conditions

Table7 liststhe bedform diversity metrics for proposed conditions and highlights the functioning,
functioning-at-risk, and non-functioning parameters based on the performance standards listed in
the Stream Functions Pyramid for perennial C and E stream types in aluvial valleys (Appendix
C), which arelisted at the bottom of the table. The resultsindicate that the proposed rel ocation of
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Reaches 1 and 2 will result in functional lift in two out of three of the bedform diversity metrics,
based on the comparison to existing conditions (T able6). The proposed re-alignment will improve
the pool-to-pool spacing from non-functioning to functioning for both Reaches 1 and 2 and

improve the percent riffle from functioning-at-risk to functioning for Reach 1.
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Table 7. Bedform Diversity Metrics— Proposed Conditions

Proposed Conditions - Tamarack Creek
Pool-to-Pool Pool Max Depth Ratio
Reach Station Spacing Ratio Percent | Percent | {Max Bankfull Pool Depth
Range (Pool Spacing Unitized | Riffle Pool Unitized by Average
by Bankfull Width) Bankfull Depth)

26+37 - 25+67 5 2.2

25+67 - 24495 3 2.2

1 24495 - 24423 5 64% 36% 2.2
24+23 - 23445 3 2.2

23445 - 22473 =] 2.2

22+73 - 21483 5 2.2

21+83 - 21402 5 2.2

21+02 - 20+138 5 2.2

20+18 - 19+41 5 2.2

2 19+41 - 13+66 5] b4% 36% 2.2
18+66 - 17+76 5 2.2

17+76 - 16497 5 2.2

16+97 - 16+24 5 2.2

16+24 - 15447 5 2.2

15+47 - 13425 9 1.7

3 134325 - 4451 19 64% 36% 1.6
4+51 - 3+01 20 1.1

3+01 - 0+00 55 1.6

Pool-to-Pool Spacing Ratio (Watersheds < 10 sq mi)

< 3.5 and = 8 not functioning
3.5to 5 and 7 to 8 functioning-at-risk
5 to 7 functioning

Percent Riffle

=80 and < 40 not functioning
70 to 80 and 40 to 60 functioning-at-risk
60 to 70 functioning

Max Pool Depth Ratio

< 1.2 not functioning
1.2 to 1.5 functioning-at-risk
=1.5 functioning
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Parameter #3 - Bank Migration / Lateral Stability

Two bank migration / lateral stability metrics were evaluated:

e Bank Erosion Hazard Index (BEHI)
¢ Near Bank Stress (NBS)

Bank Erosion Hazard Index

BEHI measurements were collected to document existing streambank characteristics and to
develop ratings that indicate how susceptible the banks are to erosion. BEHI projections were also
developed for the proposed channel reconstruction for comparison to existing conditions. The
higher the BEHI score, the higher the susceptibility to erosion. BEHI variablesinclude bank height
relative to the bankfull elevation, bank angle, surface protection, root depth, root density. BEHI
scores were also adjusted based on bank material and stratification. A modified version of the
Rosgen BEHI rating system was used, in which up to 20 points were deducted from the overall

score to account for the cohesive clay soils that tend to provide streambank stability.

Table 8 lists the BEHI ratings for existing and proposed conditions. Most of the BEHI ratings
were “Low,” with the exception of a “Moderate”’ rating within Reach 2, largely due to the

stabilizing influence of the cohesive clay soils.

Appendix F contains the BEHI rating forms that contain the detailed calculations for existing
conditions. The detailed calculations indicate that Reaches 1 and 2 had “High” and “Very High”
scores for bank height variable (bank height relative to the bankfull elevation), which is a strong
indicator of channel incision (floodplain disconnection). The proposed 2-stage channel will help
restore floodplain access in Reaches 1 and 2. Appendix F indicates that Reach 3 also had some
relatively high bank height scores, but those scores reflect isolated areas of very high banks (up to
12 feet) where the creek meanders along steep valley walls, whereas the vast mgjority of Reach 3

has relatively low banks and good floodplain access.
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Appendix G contains the detailed BEHI projections for the proposed conditions. Conservative
assumptions were made to develop the projections for proposed conditions, including no
adjustment for the clay soils. Despite the conservative assumptions, the BEHI ratings were “Low”
for the proposed channel reconstruction in Reaches 1 and 2.

Near Bank Stress

NBS ratings describe conditions within the channel that steer flows toward the banks and
accelerate bank erosion, such as sediment deposition, chute cutoffs, down-valley meander
migration, and converging flow. The NBSfor existing conditionsin Reach 1 wasrated “ Extreme”
due to extensive deposition (continuous, cross channel). For Reach 2, the NBS was rated as
“Moderate”’ because deposition was not as extensive; although, some short and discontinuous mid-
channel barswere observed in Reach 2. Reach 3 appeared to berelatively unaffected by excessive
deposition, or other NBS risk factors, so it was given an overall “Low” NBSrating. The results
arelistedin Table 8.

Table 8 also summarizes the bank migration / lateral stability metrics for existing/proposed
conditions and highlights the functioning, functioning-at-risk, and non-functioning parameters
based on the performance standards listed in the Stream Functions Pyramid (Appendix C),
according to the standards proposed by Rosgen, 2001 (proceedings) and 2006 (book), which are
listed at the bottom of the table. The results indicate that the proposed channel reconstruction in
Reaches 1 and 2 will improve the lateral stability / bank migration metrics from non-functioning

to functioning in Reach 1 and from functioning-at-risk to functioning in Reach 2.
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Table 8. Bank Erosion Hazard Index Ratings— Existing and Proposed Conditions

Existing Conditions Proposed Conditions
Reach
Station BEHI Score | BEHI Rating | NBS Rating | BEHIScore | BEHIRating | NBS Rating
27+71 17 Low Extreme
1 18 Low Low
26+00 14 Low Extreme
NA 15 Low Moderate
2 18 Low Low
18+79 23 Moderate Moderate
13+25 19.5 Low Low 19.5 Low Low
3 9+51 17 Low Low 17 Low Low
6+75 1 Very Low Low 1 Very Low Low
Bank Migration / Lateral Stability Performance Standards
Parameter Functioning Functioning-at-Risk Mot Functioning

Lateral Erosion rate -
Low BEHI Curve
Lateral Erosion rate -
Moderate BEHI Curve
Lateral Erosion rate -
High/Very High BEHI Curve
Lateral Erosion rate -

Very low to Moderate NBS | Moderate to Very High NBS Extreme NBS

Very low to Low NBS Low to High NBS High to Extreme NBS

MN/A Low to Moderate NBS Moderate to Extreme NBS

N/A Low NBS Low to Extreme MBS

Extreme BEHI Curve

Parameter #4: Large Woody Debris Index

Large woody debrisis beneficial because it provides wildlife habitat, promotes bedform diversity,
creates sediment and organic matter storage areas, it is an important form of boundary
roughness/flow resistance, and it increases localized bank erosion/sediment supply. It aso
provides structure that is important for the processing of organic matter and supporting
macroinvertebrate and fish health; although, excessive accumulation can result in large debris

dams that can impede fish passage.

The amount of large woody debris within Reaches 1-3 was quantified by determining the number
of pieces per 100 meters, number of debris dams per 100 meters, and by computing the Large
Woody Debris Index (LWDI), using to the methods described in the “Application of the Large
Woody Debris Index: A Field User Manual.” Per the manual, the 100-meter sub-reach that
appeared to have the highest amount of woody debris was targeted for measurement within each

reach. Pieces were defined as non-living wood, at least 1-meter in length, and at least 10-
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centimeters in diameter at its largest end. Pieces were rated based on length, diameter, location,
type, structure, stability, and orientation. Debris dams consist of three or more touching pieces.
Debris dams were rated based on length, height, structure, location, and stability.

Table9 summarizesthe results of the LWDI measurements. Theresultsindicate that the reference
reach (Reach 3) had the highest LWDI (798), attributable to the relatively high number of
individual pieces and debris dams. Reach 2 had more individual pieces, but only one debris dam,
so the LWDI for Reach 2 (402) was approximately half of that for the reference reach. Reach 1
had the lowest LWDI (238). According to the Stream Functions Pyramid performance standards,
Reaches 1 and 2 would be considered non-functioning for large woody debris because the LWDI
does not equal that of the reference reach. Tree clearing will be needed for the proposed channel
relocation and 2-stage channel construction in Reaches 1 and 2. Some of the larger trees that are
cleared will be used as in-stream revetments and anchored within the floodplain to increase the
amount of large woody debrisin Reaches 1 and 2. Appendix H containsthe Large Woody Debris
field data sheets and cal culations.

Table 9. Large Woody DebrisIndex Summary

Reach Pieces per 100 Debris Dams per L arge W oody
meters 100 meters Debris|Index

1 5 2 238

2 17 1 402

3 12 6 798

Parameter #5: Riparian Buffer

The riparian buffer width was measured on aerial imagery, perpendicular to the fall-line of the
valley, along transects spaced approximately 100 feet apart. Buffer width calculations were made
separately for each side of the stream and an overall average was computed for each reach. The
bankfull channel width was excluded from the totals. The measurements were extended to the
edge of the riparian vegetation community or to the edge of the valley if the riparian buffer was
not disrupted by developed areas. Table 10 summarizestheresults. Figure 2 depictsthe transects
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referenced in Table 10, which were overlaid on a USGS Orthoimagery Topo basemap. The 660-

foot ground elevation contour was used to define the valley limits.

Table 10 indicates that the overall average buffer widths for Reaches 1, 2, and 3 were
approximately 318, 312, and 547 feet, respectively. According to the Stream Functions Pyramid
performance standards (Appendix C), these results indicate that all the reaches have functioning
riparian buffers. For C and E stream types, an average buffer width greater than 150 feet is
considered functioning (Meyer et al., 2005 (journal)).

A tree survey was performed to locate trees >3” in diameter within the project area. The results
of the tree survey indicated that the existing riparian buffer is forest with predominately native
species, but with a high percentage of invasive species, particularly in Reaches 1 and 2. The
proposed native plant species and planting locations are included in the construction plans. The
proposed channel relocation in Reaches 1 and 2 will require tree clearing along the entire beltwidth
of thestream. Asaresult, theriparian buffer will be functioning-at-risk until the tree replacements
become established, at which point it will be considered functioning.
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Table 10. Riparian Buffer Widths

Transect .
Total Width
Reach Nulmber. Total width |Minus Channel WEEt_BUﬁer Fast Fuﬁer
Depicted in . Width Width
Map Figure Width

1 1 270 250 220 30
1 2 306 286 171 115
1 3 320 300 165 135
1 4 360 340 185 155
1 5 380 360 209 151
1 6 393 373 208 165

Reach 1 Averages -= 318 193 125
2 6 393 373 208 165
2 7 406 386 253 133
2 8 420 400 262 138
2 9 457 447 277 170
2 10 218 198 153 45
2 11 172 152 104 48
2 12 150 130 =11 a0
2 13 248 228 115 113
2 14 453 443 249 194
2 15 386 366 134 182

Reach 2 Averages -= 312 190 123
3 15 386 366 184 182
3 16 418 398 99 299
3 17 428 408 133 275
3 18 437 417 292 125
3 19 445 425 279 146
3 20 485 465 337 128
3 21 580 560 358 202
3 22 706 650 352 334
3 23 ¥7l 75l 337 414
3 24 783 763 422 341
3 25 T98 T78 435 343

Reach 3 Averages -= 547 293 254
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Figure 2. Riparian Buffer Map with Measurement Transects Referenced in Table 10
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4.0 Discharge Information and
Frequencies

The bankfull flow rate (80 cfs) that was used for design purposes was estimated based on bankfull
field indicators that were supported by hydrologic/hydraulic modeling and analysis. Depositional
features on point bars downstream of the proposed relocation (Reach 3), and aong the tops of
banksin the upper portion of the rel ocation section (Reach 1, upstream of the existing triple-barrel
culvert), were identified as primary bankfull field indicators. The flow rate in the HEC-RAS
hydraulic model was adjusted until the water surface elevations matched the elevations of the
observed bankfull field indicators. The flow rate required to match the bankfull field indicators
(80 cfs) corresponded to a 1-year frequency flow based on the results of our TR-55/EGLE-
Modified SCS hydrologic analysis. Typically, the bankfull flow rate in aluvia channels falls
between a 1- and 2-year event, so these results supported the reasonableness of our bankfull flow
estimate. The lower portion of the existing channel within the relocation (Reach 2, downstream
of the existing triple-barrel culvert), suffered from excessive bed and bank erosion, so depositional
features were absent, and bankfull field indicators were limited to secondary indicators, including

scour lines and bank slope grade breaks.

Table 11 is a summary of the peak design flow data by return interval, including estimates that
were not used for design purposes. The bankfull flow rate (80 cfs) was sel ected for design purposes
because it was based on field indicators. The use of bankfull field indicatorsiswidely accepted as
the most reliable way to establish bankfull flows/elevations. The field indicators were verified by
ECT’'s TR-55 hydrologic and hydraulic analysis. The bankfull flow rate was aso in good
agreement with the results of the 2006 geomorphic analysis performed by HRC (Appendix I).

The design flow estimates obtained by running the City of Southfield's SWMM

hydrologic/hydraulic model (prepared by HRC), using Oakland County rain gauge dataand design
storms developed from NOAA Atlas 14 rainfall IDF estimates, were significantly higher than the
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estimates from the other sources described above. These higher estimates were not used for design
purposes because they were not consistent with the bankfull field indicators. Using the higher
estimates would likely have resulted in an oversized channel without sufficient floodplain access
and at risk of excessive bed and bank erosion. It is suspected that the SWMM model over-
predicted flows because stream flow/depth gauge data from actual storm events were not available
for calibration of the model.

The Michigan Stream Team regional curve estimates reported in Table 11 were included for
informational purposesonly. Theregional curve estimates are not valid because the drainage areas
of the streams used to develop the regional curve (min=16 square miles; average=146 sg. mi.;
max=401 sg. mi.) were much larger than the Tamarack Creek drainage area (1 sg. mi.). Asaresult,
the values reported for Tamarack Creek in Table 11 were extrapolated from the regional curve,
which invalidates the estimates.
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Table 11. Peak Design Flow Summary

TR-55/EGLE-Modified SCS Hydrologic Analysis

Environmental Consulting & Technology, Inc. (ECT) estimated design peak flows using methods
originally developed by the United States Department of Agriculture’s Natural Resources
Conservation Service (NRCS), formerly known as the Soil Conservation Service (SCS). The
Michigan Department of Environment, Great Lakes & Energy (EGLE)-Modified SCSMethod was
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used, according to the procedure described in the EGLE report titled “Computing Flood
Discharges for Small Ungaged Watersheds.” This procedure was used to estimate the peak flow

that would be expected if the watershed was gaged, using a design rainfall and a physical

description of the drainage area (acreage, land use, topography, and soils data).

The steps used to generate the physical description of the drainage areas, used as inputs in the
EGLE-Modified SCS Method, is summarized below:

Drainage area boundaries established in a previous study, titled “Fluvial Geomorphic
Analysis of Tamarack Drain,” which was prepared for Oakland County Water Resources
Commissioner (OCWRC) by HRC in 2006, were reviewed against recent digital elevation
contour data obtained from the OCWRC website and storm sewer GIS data provided by
the City of Southfield to verify the reasonableness of the boundaries depicted in the 2006
study.

Land use was delineated using of aerial imagery (ESRI GIS basemap imagery) to help
determine runoff curve numbers.

Sail runoff potential was estimated through interpretation of USDA hydrologic soil group
data. USDA describes most (approximately 65%) of the drainage area as “urban land,”
without a specific hydrologic group. Thiswas considered an indication that topsoil fill was
placed during development. Topsoil fill typically has a low runoff potential (hydrologic
soil group “A”). The USDA data adso indicated that a significant amount (approximately
20%) of the non-urban land contained soils with relatively high runoff potential (“C* and
“D” soils); although, the non-urban land uses comprise arelatively small percentage of the
overal drainage area. Based on these results, we used an average value of “B” in the in

the runoff curve number calculations.

For drainage areas with times of concentration less than one hour, the NRCS's Windows TR-55

Method was used, along with the Michigan-specific hydrograph ordinates, per EGLE guidelines.
The TR-55 Method requires the same inputs as the EGLE-Modified SCS Method.
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Rainfall data was based on the “Rainfall Frequency Atlas of the Midwest”, NOAA Midwestern
Climate Center, 1992 (also known as “Bulletin 71"). We realize that more recent rainfall dataset
is available (NOAA Atlas 14, published in 2013); however, EGLE issued the following warning

against using Atlas 14 data as input when using the EGLE-Modified SCS Method:

If Bulletin 71 rainfall values are replaced with Atlas 14 rainfall values, the method

will estimate unrealistically high peak discharges. We strongly recommend that the

method be used only with Bulletin 71 rainfall data until such time as we have

completed incorporating all the changesincluded in Atlas 14.

Table 12 contains a summary of the runoff curve number (RCN) calculations and land use
breakdown. Wetlands and open water accounted for a total of 1.0% of the drainage area, so the
corresponding “Ponded and Swampy Adjustment Factors’ listed in the EGLE report titled
“Computing Flood Discharges for Small Ungaged Watersheds’ were applied to generate the final

flow estimates (Table 13).

Table 12. Summary of RCN Calculations and Land Use Breakdown

Hydrologic Soil Perc.ent of Total Land Use Percent of Soil RCN Partial RCN
Group Drainage Area Group
Commercial 85% impervious 36.00% 92 33.120
Industrial 72% impervious 88 0.000
Open space 6.20% 61 3.782
Residential 1 acre 68 0.000
Residential 1/2 acre 5.60% 70 3.920
B 100.00% Residentia\ 1/3 acre 42.90% 72 30.888
Residential 1/4 acre 75 0.000
Residential 1/8 acre 85 0.000
swamp vegetated 0.60% 78 0.468
swamp >1/3 open water 85 0.000
Water 0.40% 100 0.400
Woods - fair 8.30% 60 4.980
Composite Runoff Curve Number: sSum 77.56

Basis of Design Report

34

£Cr



Tamarack Creek Restoration

Table 13. Summary of the TR-55 Peak Design Flows by Recurrence | nterval

Recurrence Interval
1-year* 2-year 5-year  10-year 25-year 50-year 100-year

Ponded and Swampy Adjustment factors 0.83 0.83 0.84 0.86 0.87 0.88 0.9
1.45-hour Time of | TR55 Unadjusted flows (cfs)=> 83 98 155 205 267 326 370
Concentration** | TR55 Adjusted flows(cfs)=> 69 81 130 176 232 287 333
0.88-hour Time of | TR55 Unadjusted flows (cfs)=> 119 141 220 300 397 468 536
Concentration** | TR55 Adjusted flows(cfs)=> 99 117 185 258 345 412 483

*Adjustment factor for 1-yr flow not available, so assumed same as 2-year.

**An extensive enclosed storm sewer system exists within the drainage area. The time of concentration (TOC) used in the
flow calcs was sensitive to the assumed pipe velocities. The min and max pipe velocity design values listed in the MDOT
Stormwater Drainage Manual (3 to 12 ft/s) were used to compute min and max TOC and corresponding flow estimates.
This is why a range of flows are reported for each return interval.
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5.0 Natural Channel Design

Summary

Natural channel design parameters for the proposed rel ocation/reconstruction were devel oped by
considering conditions within the relatively stable Reach 3, which is located immediately
downstream of the proposed relocation area (Reaches 1 and 2) (see Figure 1) and the performance
standards listed in the Stream Functions Pyramid guidance document (Appendix C). Table14is
asummary of the proposed design parameters.

Table 14. Summary of Proposed Channel Design Parameters

Overall Summary

Avg. Channel Slope* 0.26%
Bankfull Cross-Sectional Area [sf]* 30
Bankfull Width [ft]* 16
Bankfull mean depth [ft]* 1.9
Bottom Width [ft]* 7.2
Riffle Max Bankfull Depth [ft]* 2.5
Pool Max Depth [ft]* 4.0
Bank Angles [H:V]* 2:1
Percent Riffle** 64%
Avg. Pool-to-Pool Spacing Ratio** 5
Sinuosity* 1.25
Valley Length [ft]* 902
Stream Length (Reach 1 & 2) [ft]* 1130
Total Pool Length [ft]** 405
Total Riffle Length [ft]** 725
Avg. Riffle Length [ft]** 52

*Design value based on site conditions
**Design value based on Stream Functions Pyramid
performance standards
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Alignment

The proposed alignment of the reconstructed channel will convert the nearly straight existing
channel into a meandering stream, which will increase energy dissipation and create pool habitat.
The performance standards listed in the Stream Functions Pyramid for C and E streams were used
to determine the minimum meander belt width (> 3.5 times the bankfull width) and appropriate
pool-to-pool spacing (4 to 5 bankfull widths for drainage areas < 10 square miles). For
comparison, Rosgen recommends pool-to-pool spacing of 5-7 bankfull widths or one-half a
meander wavelength. Pools will be constructed along the outside of each meander bend. The
radius of curvature of the proposed bends is approximately twice the bankfull width. Aerial
imagery of reference conditions observed downstream of the project areawere reviewed to ensure
that the pool-to-pool spacing and radius of curvature of the proposed meander bends was within
that observed range.

Bed Form

The bed of the reconstructed channel will be not be lined and riffle-pool sequences will be
constructed to improve bedform diversity. The bed will not be lined with stone or any other
materials to allow the stream channel to adjust, move sediment, and create or modify bed features.
Pools will be constructed at meander bends within the relocated channel. The Stream Functions
Pyramid performance indicate that the reconstructed channel should have ariffle-pool distribution
that results in 60% to 70% riffle along its length, which is consistent with the proposed design.
The performance standards a so indicate that the ratio of max pool depth to bankfull depth should
be > 1.5 (gravel) or >1.2 (sand), so the proposed max pool depth of 4 feet is consistent with these
criteria. The proposed design results in a max pool depth 1.5 feet deeper than the riffle thalweg.
The 4-foot max pool depth is measured from the bottom of the deepest part of the pool to the top
of bank (bankfull elevation). Each pool will be constructed so that the max pool depth occurs at

the center, or the downstream two-thirds point, aong the bend.
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Cross Section

The cross section of the proposed 2-stage channel in Reaches 1 and 2 was designed to limit channel
depths, velocities, and shear stresses and improve habitat conditions by providing floodplain
access. Thefirst stage of the channel isrelatively small, sized for the bankfull flow event (1- to 2-
year frequency flow). The relatively small first stage channel, with a v-shaped bottom, will
generate sufficient low-flow depths and vel ocities to minimize sediment deposition during normal
flows. Excavating bankfull benches on either side of the first stage channel will create a second
stage channel that provides floodplain access, which is needed to increase flow capacity during
larger storm events and limit bankfull channel depths, velocities, and shear stresses to promote bed
and bank stability.

Thefirst stageisthe bankfull channel, which was sized to flow nearly full at the bankfull flow rate
(80 cfs). The bankswere designed to have gradual (2H:1V) side slopes to promotes bank stability.
The V-shaped channel bottom was designed to concentrate low-flows to promote sediment
transport and fish passage. The width and depth were designed to be similar to the existing
reference conditions that the reconstructed channel will tie into at the downstream end of the

rel ocation.

The second stage is the floodplain channel, where the bankfull benches will be constructed to
provide a meander belt width > 3.5 times the bankfull width, which is consistent with the Stream
Functions Pyramid standards and NRCS guidelines. According to the NRCS Part 654 Engineering
Handbook, “If the total width, when out-of-channel flow is initiated, is less than three times the
top width of the bankfull channel, the benches might not fully devel op, the benches are morelikely
to be unstable, and shear stresses on the bed and banks of the ditch will be high during large

events.”

High Flow Conveyance

Based on its cross-sectional dimensions, slope, and roughness, the bankfull channel can convey a

maximum of approximately 80 cfs before over-topping its banks. Because a flow control device
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will not be used to limit the amount of flow that can enter the creek, the channel was designed with
afloodway to accommodate flows in excess of its channel capacity. If a conventional over-sized
trapezoidal channel were proposed, it would allow flow velocity and channel shear stress to
increase with increasing discharge and water depth, increasing the risk of streambank erosion, and
providing little or no floodplain access. Therefore, atwo-stage channel with an adjacent floodway
was proposed to convey flowsin excess of channel capacity. The floodway, or two-stage channel
design, alows flows in excess of channel capacity to be conveyed over a cross-sectional areathat
ismuch larger, thereby reducing channel velocity and shear stress.

Slope

The slope of the proposed channel reconstruction in Reaches 1 and 2 was set to match the existing
water surface slope downstream of the reconstruction (0.3%), which was based on the water
surface profiles depicted in the FEMA study. A lower slope design was considered to minimize
the amount of floodplain excavation, but the hydraulic modeling results indicated that the
transition from the reconstructed channel with the lower slope to the existing channel with the
higher slopewould result in instabilities. For example, the model predicted supercritical flow near
the transition, along with high velocities and shear stresses, which would have resulted in the need
for energy dissipation measures at the transition. A drawdown effect upstream of the transition
was aso predicted, which would have entrenched the bankfull flow for a significant distance
upstream of the transition. As a result, the slope of the reconstructed channel was designed to
match the existing water surface slope downstream of the reconstructed channel to maintain
uniform flow conditions at the transition and eliminate the need for energy dissipation measures

at the transition.
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6.0 Riffle Habitat Structures

The proposed at-grade riffle habitat structuresin Reach 3 were designed to provide aquatic habitat
by increasing bed substrate diversity. The results of sediment sampling and analysis, previously
described in this report, indicated a lack of gravel/cobble habitat. The proposed at-grade rock
riffles are intended to provide coarse spawning substrate, which islacking along the existing clay-
dominated riffles. The proposed locations were selected based on existing bed high points and to
maintain the existing pool-to-pool spacing. One such location was selected at the transition from
the restored reach 2 to reach 3 to also provide grade control. It is important to note that the intent
is to supplement the existing clay riffles with rocky substrate, not to change the existing riffle or
pool spacing. The length of each of the proposed riffleswill be approximately one bankfull width,
based on design criteria from the Database of Morphologic Characteristics of Watercourses in
Southern Ontario, Annable, W.K., 1996. The proposed structures will be at-grade, so they will
not ater the existing cross-sectional channel dimensions or flow characteristics. Figure 3isa
conceptual sketch of the approximate proposed locations overlaid on the longitudina profile
output from the HEC-RAS hydraulic model. Note that Reach 3 and a portion of the proposed

channel reconstruction upstream of Reach 3 is depicted in the figure, not the entire project area.

Basis of Design Report 40 -c-
asis of Design Repor y — Y



Tamarack Creek Restoration

Figure 3. Conceptual Sketch of the Proposed Riffle Structure Locations (Profile View)

Stone sizing for the riffle structures was performed using the Shield’s Curve, along with model-
predicted shear stress values for the 100-year design flow event. Figure 4 depicts the Shield's
Curve, which was developed by Leopold, Wolman, and Miller in 1964 from empirical data. The
Shield’s Curveisaplot of grain diameter versus critical shear stress. Critical shear stressrefersto
the shear stress value needed to initiate movement of agiven size particle. The shear stressvalues
at the proposed riffle locations were extracted from the model and plotted on the Shield’s Curve
to determine the minimum stone size (diameter of the intermediate axis) needed for the proposed
riffle structures to remain stable. Theintermediate axisrefersto the side of the particle that would
fall through a sieve opening, for example, not the longest axis. The stone size specified in the
design plans represents the stone with an intermediate axis D50 greater than or equal to the
minimum stone size determined from the stone sizing analysis. The provisional Colorado data
provided by Rosgen (2000), which is also depicted on the Shield’ s Curve, was not used for the
proposed stone sizing for Tamarack Creek. It likely would have produced overly conservative
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results (excessively large stone sizes), especialy since a conservative design event (100-year

event) was aready used to obtain the shear stress estimates used for the stone sizing.

Figure 4. Shield’s Curve used for Stone Sizing
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7.0 Hydraulic Modeling

ECT developed HEC-RAS hydraulic models to replicate existing and proposed conditions of
project reaches. The models were used to perform the bankfull verification, evaluate hydraulic
changes due to proposed reconstruction of Reaches 1 and 2, and to show no risein base (100-year)
FEMA flood elevations as aresult of the proposed improvements. The existing conditions stream
profile and cross-sections were established from topographic survey data. The proposed
conditions hydraulic model reflects the proposed removal of the triple-barrel culvert between
Reaches 1 and 2 and the proposed floodplain excavation and channel re-alignment in Reaches 1
and 2. The proposed conditions were introduced in the model and bankfull and 100-year flow
events were simulated. The model was iteratively run to determine the most effective bankfull
channel dimensions that ensure appropriate shear stress for sediment transport while maintaining
similarity with the reference reach channel characteristics. The calculated velocities for the range
of storm eventswere reviewed to ensure that the proposed stream cross-section would not generate
excessively erosive velocities throughout the stream reach. Shear stress and velocity estimates
were aso used to determine the type of erosion control blanket required in the flood plain areas,

and to help size the stones for the proposed at-grade riffles and at-grade stream crossing.

Appendix J contains existing conditions model output for the bankfull and 100-year events,
including a sample of cross section plots for each reach, a profile plot that includes left overbanks
(LOB) and right overbanks (ROB), and floodplain inundation maps that depict the 100-year water
surface elevations. Tabular output by cross-section stationing is included at the end of the
appendix. The tables include water surface elevations, velocities, shear stresses, and other
hydraulic parameters. Note that the river stationing used in the hydraulic modeling (Station 0+00

at the downstream end) is reversed compared to the stationing depicted in the construction plans.

The results of the proposed conditions modeling indicated that the 100-year flood plain elevation
will be significantly lower as a result of the proposed culvert removal and floodplain excavation
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in Reaches 1 and 2, as expected. The results also show that the proposed channel reconstruction
was properly sized for the bankfull event, as indicated by the water surface near the tops of the
banks. Appendix K contains proposed conditions model output and includes the same
components as described above for existing conditions (Appendix J). Supporting documentation

for the roughness coefficients and tailwater boundary conditions are described below.

Thevalues of the Manning’s“n” roughness coefficients that were used in the HEC-RAS hydraulic
model are highlighted in Table 15, based on information obtained from Table 4-1 of the MDOT
Drainage Manual, which is a modified version of the table published by Chow, V.T., 1970. The
values highlighted in Table 15 (channel n=0.04; overbank n=0.120) were determined by matching
the conditions observed at Tamarack Creek to those described in the table and selecting the
“normal” value for that condition. The values were consistent with the range of values listed in
the FEMA study.
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Table 15. Manning's Roughness Coefficients“n” used in HEC-RAS Hydraulic M odel

Tvpe of Channel and Description Minimum Mormal Maximum
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Tailwater boundary conditions were set in the HEC-RAS based on information obtained from the
FEMA study. Figure 5, which includes callouts that were overlain on the FEMA profile plot,
indicates that during large flood events (10-year frequency flow and higher), backwater effects
caused by downstream obstructions (Evans Branch and Tamarack Trail culvert) dissipate at or near
the downstream limit of the HEC-RAS model that was used to simulate the proposed project
improvements. To account for potential backwater effects, the 100-year tailwater boundary
condition was set based on the 100-year water surface elevation from the FEMA study (647.2'
NAVD). For the relatively small bankfull event, which typically corresponds to a 1- to 2-year
frequency flow, potential backwater effects from downstream obstructions would be lower (or
non-existent) and would be expected to dissipate well downstream of the proposed project
modeling extents. As aresult, the bankfull tailwater boundary condition was set to normal depth
downstream of the modeling limits, based on the thalweg slope depicted in the FEMA profile
(0.43%), which isdepicted in Figure5.

Figureb. Tailwater boundary conditions used in HEC-RAS Hydraulic Model
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8.0 Flood Stage Impact Analysis

The proposed project lies within a FEMA-regulated floodplain (Zone AE), which is the flood
insurance risk zone that corresponds to the 1-percent-annualchance (100-year) floodplain base
flood elevations (BFES) determined in the FEMA Flood Insurance Study (FIS) by detailed
methods. The results of the hydraulic analysis indicated that the proposed re-alignment and 2-
stage channel construction within Reaches 1 and 2 of Tamarack Creek will result in a localized
decrease in the BFE and change the floodway/floodplain boundaries reported in the FEMA study.

Because the proposed project is not increasing the BFE, the City of Southfield will not be required
to submit a Conditional Letter of Map Revision (CLOMR) to obtain FEMA prior to construction;
however, after the project is constructed, the City of Southfield will need to submitaMT-2 FEMA
revision request and a L etter of Map Revision (LOMR) with a hydraulic analysis to support the
change in the mapped floodway boundaries. A LOMR-F will be required for changing floodplain
boundaries with fill. The only fill in the floodway will be that needed to fill the old channel with
cut from the new channel during the re-alignment of the existing channel. The proposed work will
be conducted on properties not owned by the City of Southfield (applicant); therefore, the City has
been working with the landowners to obtain approvals. The location of the floodplain will affect
primarily one property owner, who is concerned about the potential 10ss of developable land as a
result of the proposed project. The property owner is concerned because a portion of the property
that is not currently within the 100-year floodplain, will be within the new floodplain limits as a
result of the proposed project. Subsequent negotiations with this landowner have resulted in the
need to fill part of the existing floodplain in one part of the landowner’s property to offset the loss
of developable land in another part of the property.

The State of Michigan's Floodplain Regulatory Authority, found in Part 31, Water Resources

Protection, of the Natural Resources and Environmental Protection Act (NREPA), 1994 PA 451,
as amended, requires that a permit be obtained prior to any ateration or occupation of the 100-
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year floodplain of ariver, stream, or drain that has adrainage areathat is 2 square miles or greater.
The drainage area of Tamarack Creek isless than 2 square miles, so a permit is not required from
EGLE, under Part 31. However, EGLE will review the proposed floodplain impacts under other
State statutes found in NREPA, including Part 301-Inland Lakes and Streams and Part 303-
Wetlands Protection.
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9.0 Culvert Sizing

The proposed design includes a permanent maintenance road that will run parallel to Tamarack
Creek. The proposed road will cross the small lateral tributary that ties into the west side of
Tamarack Creek within Reach 2, which is visible on the USGS topo basemap (Figure 1 and/or
Figure2). Upstream of the confluence, the tributary consists of anorth branch and a south branch.
The north branch conveys flows from the property owned by WXYZ-TV. This approximately
17.6 acre property contains a large percentage of impervious areas (office buildings and parking
lots), the flows from which are routed through a detention pond. The south branch conveys flows
from an undeveloped (mostly wooded) area, approximately 10.0 acres in size, the flows from
which are not routed through a detention pond. Figure 6 depicts the tributary areas, 2-foot
elevation contours obtained from Oakland County, stormwater gravity mains based on GIS data
provided by the City of Southfield, and adjacent streams. These data were used to delineate the

tributary area and size a culvert for the proposed maintenance road crossing, as described below.
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Figure 6. Lateral Tributary Areas
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The culvert was sized for a 100-year frequency storm, using a peak design flow rate of 6.48 cfs.
The design flow was based on the sum of flows from the north branch (17.6 acre drainage area)
and south branch (10.0 acre drainage area) of the lateral tributary described above. The design
flow for the 17.6 acre drainage area (3.52 cfs) was estimated using the maximum allowable
detention pond design outflow of 0.2 cfs per acre, based on the Oakland County Water Resources
Commissioner’s Engineering Design Standards for Storm Water Facilities. The design flow for
the 10.0 acre drainage area (2.96 cfs) was based on the Rational Formula (Flow=Q=CIA). For the
runoff coefficient (C), the value of 0.20 was used, which is the intermediate value listed for
undeveloped areasin Table 3-1 of the MDOT Drainage Manual. For the rainfal intensity (1), the
value of 0.961 inches per hour was used, which is the value listed in NOAA Atlas 14 using a
minimum time of concentration of 15 minutes. For the Area(A), the value of 10.0 acres was used,
which isthe size of the drainage area.

Theresults of ahydraulic analysisindicated that a 24-inch diameter culvert would be sufficient to
convey the 100-year design peak flow of 6.48 cfs. This was based on acircular 24” pipe, with a
0.013 Manning's “n” roughness coefficient, set at the minimum design slope of 0.17% (self-
cleansing slope listed in Table 7-6 of the MDOT Drainage Manual). A hydraulic calculator
(FHWA Hydraulic Toolbox 4.4 software) was used to verify that the pipe capacity (9.33 cfs) would
be sufficient to convey the 6.48 cfsdesign flow. An 18" pipewas aso considered, but the capacity
of the 18" pipe at the minimum design slope (5.44 cfs) was not sufficient to pass the design flow
without surcharging. Table 16 lists the input and output from the hydraulic calculator for the 24”

pipe.
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Table 16. Culvert Sizing Input/Output from the FHWA Hydraulic Toolbox Software
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January 3, 2019
2018110B

Mr. Marty Boote, P.E.

Environmental Consulting & Technology, Inc. (ECT)
2200 Commonwealth Blvd., Suite 300

Ann Arbor, MI 48105

RE: Results of Sieve Analyses
Tamarack Creek - Habitat Restoration Design
Southfield, Michigan

Dear Mr. Boote:

Somat Engineering, Inc. (Somat) has completed the requested sieve analyses for the samples
collected by ECT as part of the proposed Habitat Restoration Design at Tamarack Creek, located
in Southfield, Michigan.

We received a total of seven (7) samples from ECT; they were delivered to the Somat laboratory
located in Taylor, Michigan. The samples were received on December 11, 2018 and were
transferred from ECT to Somat using chain-of-custody procedures. Each sample was contained
in a zip-top bag labeled with the specimen identification number. Somat performed the sieve
analysis tests in general accordance with ASTM D6913. The laboratory results are attached. The
samples will be maintained for 30 days from the date of this letter; after which, they will be
discarded.

We appreciate the opportunity to assist you with this project. Upon your review, should you
have any questions or require additional information, please feel free to contact us.

Sincerely yours,
Somat Engineering, Inc.

Catherine J. Weirauch, P.E.
Project Manager

CJWICRS

Attachment: Results of Sieve Analysis Tests

3031 West Grand Blvd., Suite 228, Detroit, Michigan 48202 weh: www.somateng.com phone: 313-963-2721 email: info@somateng.com
Infrastructure Engineering Solutions
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CONSUITING ENGINEERS
August 26, 2004

Hubbell, Roth & Clark, Inc.
555 Hulet Drive
Bloomfield Hills, Michigan 48303-0824

Attention: Mr. Stephen H. Pyc

Regarding: Soil Test Boring Report
Detention Basin Expansion Study
Northwestern Highway (M-10) at 10 Mile Road
Section 27, City of Southfield, Michigan
SHA Project Number 64322

Dear Mr. Pyc:

Schleede-Hampton Associates, Inc. has performed 10 soil test borings within the limits of
the proposed detention basin expansion project in Southfield. The basin is located within
the MDOT Easement, south of 10 Mile Road and east of Northwestern Highway (M-10) in
the northeast quarter of Section 27. This brief report presents the boring results together
with the results of basic geotechnical soils laboratory tests and analytical tests conducted on
samples recovered during the drilling and sampling work. Our general comments regarding
the potential for environmentally contaminated soils at the site based upon the borings and
test results are included, as well.

Scope of Work

Ten soil borings were drilled within the limits of the basin area at locations selected and
marked in the field by HRC. The borings were drilled through the surficial sediment and /
or topsoil layers of the soil profile and into the deeper native soils. Boring depths ranged
from 4 Ft. to 13 Ft. below the surface.

Borings were drilled using an all terrain type (ATV) drill rig and continuous flight augers.
Soil samples collected during the drilling and sampling work were packed in glass jars and
shipped to the SHA soils lab for visual classification and basic index testing. After
classification testing, the samples were shipped to Environmental Quality Laboratories, Inc.
(EQL) for analytical analyses. Composite samples were created from each boring, and each
composite sample was tested for a list of parameters selected by HRC. Samples were
extracted using TCLP methods (EPA Method 1311) and tested for Michigan metals (EPA
various methods 6000 / 7000 series), PCBs (EPA Method 8081), and PNAs (EPA Method
8310).

2254 COLE STREET
BIRMINGHAM, MICHIGAN 48009
248-540-3044 o FAX: 248-540-3282



Observations and Test Results

The Oakland County soil map reports the surface soils at the detention basin site are fine
grained sediments, typically loams or clay loams by textural classification. Geological
survey records show the underlying soils are water-laid moraines that extend to shale or
sandstone bedrock at approximately elevation 550 Ft.

The borings performed for this study generally confirm the upper soil profile at the site as
described by published records. In general, the surface of the basin area is covered with a
topsoil layer, nominally 3 inches to 12 inches thick. The topsoil layer was heavy,

~ resembling peat, at boring 9. Underlying soils were either fine grained sediments, ranging
from fine sand at boring 1 to variegated (discolored) clay soils at other locations. Apparent
fill soils were noted below the topsoil extending to a depth of 3 Ft. at boring 2. The
sediment / fill materials extended to depths of 1 Ft. to 3 Ft. below the surface at the boring
locations. Brown or brown mottled (mixed) grey silty clay soils, typically of the moraine
deposits in the area, were noted below these upper sediment or fill soils at all of the boring
locations. These deeper soils were judge to be undisturbed and in their natural state.

Significant groundwater seepage was noted within the surficial soil deposits at borings 1
and 2. These observations appear to represent a perched condition typical of the poorly
drained clay type soils in the area. The transition from partially saturated to fully saturated
soil is expected to occur at a depth near the change in soil color from brown to grey clay
soils. This color change was noted at a depth of 7 Ft. below existing site grade at borings 7
and 8.

In general, a composite sample was obtained from each boring that represented the upper
topsoil, sediment, and / or fill type materials. Of the 10 composite samples tested, all
showed trace concentration or metals compounds above method detection limits, and 5
showed trace levels of the PNA compounds above method detection limits. None of the
samples produced any indication of PCB compounds above the method detection limits.
Results of analytical testing program as reported by EQL are contained in the Appendix.

Closure

Schleede-Hampton Associates, Inc. appreciates the opportunity to provide these services to
Hubbell, Roth & Clark, Inc. and the City of Southfield. If you have any questions or
comments regarding this submittal, please contact us at your convenience.

James Berry, P.E.
Project Manager



- APPENDIX
E‘“ Contains Soil Test Boring Logs (Records of Subsurface Exploration),

Analytical Laboratory Test Results, and General Notes
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ASSOCIATES nc
CONSULTING ENGINEERS BORING 1 PAGE 1 OF 1
PROJECT NAME: _ Detention Basin Expansion Study DATE STARTED August 14, 2004
v - DATE COMPLETED August 14,2004
SHA PROJECT NO. 64322 - ~ DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING 1-1/2 Ft,
at 10 Mile Road GROUNDWATER, AT COMPLETION 2 Ft.
NE Quarter Section 27 GROUNDWATER, AFTER ___ - DAYS -
City of Southfield, Michigan HOLE CAVED, 2Ft AT _After Completion
- ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
3 in. * Moist Brown Sandy Topsoil .
9 in. + Moist to Wet Brown Silty Fine SAND 1 Au - - - 30.8
—1 Moist Variegated Dark Brown Sandy CLAY
— . . . 25
___| Moist Stiff Brown Mottled Grey Silty CLAY, ]
] Little Sand, Trace Gravel 1 Au-2 - - - 213
] End of Boring @ 4 Ft. ]
R— [Spp—
L] = -
SYMBOLS SAMPLE DESIGNATION
$s- DRIVEN SPLIT SPOON 1 3/8"1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" 1.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
we: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
Pl: PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUQUS FLIGHT AUGERS
C- CASING
MD- MUD DRILLING
NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHILEEDE

RECORD OF SUBSURFACE

EXPLORATION

HAMPTON
ASSOCIATES we

CONSULTING ENGINEERS

BORIN

G 2 PAGE 1 OF 1

PROJECT NAME:

Detention Basin Expansion Study

Y

August 14, 2004
August 14, 2004

DATE STARTED
DATE COMPLETED

SHA PROJECT NO. 64322 B DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING 1-1/2 Ft.
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
6 in. + Moist Brown Sandy Topsoil ]
1 Aut - - - 40.4
Moist Brown Sandy CLAY Little Gravel, )
o Trace Construction Debris, ]
Occasional Wet Sand Seams (Fill) 25 Au-2 - - - 10.8
1 Moist Stiff Brown Silty CLAY, Little Sand, 7
: Trace Gravel :
_ 5
— End of Boring @ 5 Ft. ]
SYMBOLS SAMPLE DESIGNATION
$S- DRIVEN SPLIT SPOON 1 3/8" I.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" 1.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
we: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
Pl PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The slratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHLEEDE
HAMPTON

RE

CORD OF SUBSURFACE
EXPLORATION

ASSOCIATES e

CONSULTING ENGINEERS

BORIN

G 3 PAGE 1 OF 1

PROJECT NAME:

Detention Basin Expansion Study

DATE STARTED August 14, 2004

v I DATE COMPLETED August 14, 2004
SHA PROJECT NO. 64322 S DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER ___- DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
) Surface
o 8 in. = Moist Brown Clayey Topsoil ]
— 1 Au- - - - 19.9
. . . . 2.5
—1 Moist Stiff Brown Silty CLAY, Little Sand, 1 Au2 ) . ) 19.1
R Trace Gravel a—
- 5
] End of Boring @ 5 Ft. -
SYMBOLS SAMPLE DESIGNATION
Ss- DRIVEN SPLIT SPOON 1 3/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" I.D.
Qu UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
we WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
PI: PLASTICITY INDEX BORING METHOD
Dd NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHLEEDE
HAMPTON
ASSOCIATES e

RECORD OF SUBSURFACE
EXPLORATION

CONSULTING ENGINEERS BORING 4 PAGE 1 OF 1
PROJECT NAME: _ Detention Basin Expansion Study DATE STARTED August 14, 2004
. _ DATE COMPLETED August 14, 2004
SHA PROJECT NO. 64322 . ~ DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
] 4 in. = Moist Brown Clayey Topsoil ]
] 1 Au- - - - 18.2
— Moist Stiff Brown Mottled Grey Silty CLAY, | 25 |
— Little Sand Trace Gravel —
- 5
] End of Boring @ 5 Ft. —
SYMBOLS SAMPLE DESIGNATION
$s- DRIVEN SPLIT SPOON 1 3/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" |.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
Pl PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHILEEDE

RECORD OF SUBSURFACE
EXPLORATION

HAMPTON
ASSOCIATES e

CONSULTING ENGINEERS BORING 5 PAGE 1 OF 1
PROJECT NamE: _ Detention Basin Expansion Study DATE STARTED August 14, 2004
N DATE COMPLETED August 14, 2004
SHA PROJECT NO. 64322 i - DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp Wec REMARKS
- Surface
] 1.in. £ Moist Brown Clayey Topsoil ]
Moist Firm Variegated Brown Silty CLAY, Little to Some Au-1 - - - 18.2
] Sand, Trace Gravel — .
I . . . . 2.5 I
- Moist Stiff Brown Silty CLAY, Little Sand, -
_—— Tracel Gravel —]
- 5
—_— End of Boring @ 5 Ft. —
SYMBOLS SAMPLE DESIGNATION
SS- DRIVEN SPLIT SPOON 1 3/8" I.D., 2* O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" 1.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
Pl: PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
C- CASING
MD- MUD DRILLING

NOTE: The stratification fines represent the approximate boundary between soil types and the transition may be gradual.




SCHLEEDE
HAMPTON
ASSOCIATES e

CONSULTING ENGINEERS

RE

CORD OF SUBSURFACE
‘EXPLORATION

BORIN

G 6 PAGE 1 OF 1

PROJECT NAME:

Detention Basin Expansion Study

3

SHA PROJECT NO. 64322

DATE STARTED
DATE COMPLETED
DRILLER MD

August 14, 2004
August 14, 2004

BORING METHOD CFA

SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp Wc REMARKS
- Surface
— 4 in. + Moist Brown Clayey Topsoil ]
] 1 Aut - - ; 34.4
——| Moist Stiff Brown Mottled Grey Silty CLAY, | 2.5 i ) i 054
] Little Sand, Trace Gravel —] Au-2 :
- 5
_— End of Boring @ 5 Ft. —
SYMBOLS SAMPLE DESIGNATION
Ss- DRIVEN SPLIT SPOON 13/8" 1.D., 2 0.D.
N: STANDARD PENETRATION, BLOWS/FT. 08s- DRIVEN OVER SIZED SPLIT SPOON 3" 1.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
PI: PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHLEEDE
HAMPTON
ASSOCIATES wc

RECORD OF SUBSURFACE

EXPLORATION

CONSULTING ENGINEERS BORING 7 PAGE 1 OF 1
PROJECT NAME: Detention Basin Expansion Study DATE STARTED August 14, 2004
v . DATE COMPLETED August 14, 2004
SHA PROJECT NO. 64322 N ] DRILLER MD BORING METHOD CFEA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
. 4 in. + Moist Black Clayey Topsoil — ]
] 1 Au- - - - 22.7
1 Moist Stiff Brown Mottled Grey Silty CLAY, ]
Little Sand, Trace Gravel
5
: Moist Very Stiff Brown Silty CLAY, Little :
I Sand, Trace Gravel ]
—_| Moist Very Stiff Grey Silty CLAY, Trace ]
—_ Sand, Trace Gravel _—
- 10
— End of Boring @ 10 Ft. —
SYMBOLS SAMPLE DESIGNATION
$S- DRIVEN SPLIT SPOON 13/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" I.D.
Qu UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We WATER CONTENT, % AU- AUGER SAMPLE
LL LIQUID LIMIT, % RC- ROCK CORE - NXM
Pl PLASTICITY INDEX BORING METHOD
Dd NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
C- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHILEEDE
HAMPTON

RECORD OF SUBSURFACE

EXPLORATION

ASSOCIATES mc

CONSULTING ENGINEERS

BORING 8

PAGE 1 OF 1

PROJECT NAME:

Detention Basin Expansion Study

v

DATE STARTED
DATE COMPLETED

August 14, 2004
August 14, 2004

SHA PROJECT NO. 64322 - DRILLER MD BORING METHOD CFA
SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp Wc REMARKS
- Surface
- 10 in. = Moist Black Clayey Topsoil —
7 yey “op 1 Au 15 - - | 368
— Moist Stiff to Very Stiff Brown Silty CLAY, —
— Little Sand, Trace Gravel, —
— 5 —
__] Moist Stiff Grey Silty CLAY, Trace to Little | 10 ]
] Sand, Trace Gravel ]
] ] Au2 - - - 18.3
— End of Boring @ 13 Ft. _—
SYMBOLS SAMPLE DESIGNATION
8s- DRIVEN SPLIT SPOON 1 3/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT, 0s- DRIVEN OVER SIZED SPLIT SPOON 3" 1.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
PI: PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.
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HAMPTON
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RECORD OF SUBSURFACE

EXPLORATION

BORIN

G 9 PAGE 1

OF 1

PROJECT NAME:

Detention Basin Expansion Study

&

SHA PROJECT NO.

64322 .

DATE STARTED

August 14, 2004

DATE COMPLETED

August 14, 2004

DRILLER MD

'BORING METHOD CFA

SITE LOCATION Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road i GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER ___ - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT .
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
—  9in. £ Moist Black Clayey Topsoil Trace Peat p—
— 1 Au- - - - 43.5
—1 Moist Stiff Brown Silty CLAY, Little Sand, 2.5
- Trace Gravel -
- 5
— End of Boring @ 5 Ft. —_—
SYMBOLS SAMPLE DESIGNATION
Ss- DRIVEN SPLIT SPOON 1 3/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0Ss- DRIVEN OVER SIZED SPLIT SPOON 3" I.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
PL: PLASTICITY INDEX BORING METHOD
Dd: NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp: HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




SCHLEEDE
HAMPTON
ASSOCIATES nc

RECORD OF SUBSURFACE
“EXPLORATION

CONSULTING ENGINEERS BORING 10 PAGE 1 OF 1
PROJECT NAME: _ Detention Basin Expansion Study DATE STARTED August 14, 2004
N DATE COMPLETED August 14, 2004
SHA PROJECT NO. 64322 i - - DRILLER MD BORING METHOD CFA
SITE LOGATION __Northwestern Highway (M-10) GW ENCOUNTERED WHILE DRILLING None
at 10 Mile Road . GROUNDWATER, AT COMPLETION None
NE Quarter Section 27 GROUNDWATER, AFTER __ - DAYS -
City of Southfield, Michigan HOLE CAVED, N/A AT -
ELEV. DESCRIPTION DEPTH | SAMPLE N Qu Qp We REMARKS
- Surface
4 in. + Moist Black Clayey Topsoil, Little Peat L
Moist Firm Variegated Brown Silty CLAY, 1 Au-1 - - - 110.4
Little Sand, Trace Gravel :
—— . ) . 2.5 ]
| Moist Stitf Brown Mottled Grey Silty CLAY, 1 Au-2 - - - 23.1
] Little Sand, Trace Gravel
- 5
- End of Boring @ 5 Ft. —
SYMBOLS SAMPLE DESIGNATION
8s- DRIVEN SPLIT SPOON 1 3/8" 1.D., 2" O.D.
N: STANDARD PENETRATION, BLOWS/FT. 0s- DRIVEN OVER SIZED SPLIT SPOON 3" I.D.
Qu: UNCONFINED COMPRESSISVE STRENGTH, TONS/SQ. FT. ST- PRESSED SHELBY TUBE
We: WATER CONTENT, % AU- AUGER SAMPLE
LL: LIQUID LIMIT, % RC- ROCK CORE - NXM
PI: PLASTICITY INDEX BORING METHOD
Dd NATURAL DRY DENSITY, LBS./CU. FT. HSA- HOLLOW STEM AUGERS
Qp HAND PENETROMETER, TONS/SQ. FT. CFA- CONTINUOUS FLIGHT AUGERS
c- CASING
MD- MUD DRILLING

NOTE: The stratification lines represent the approximate boundary between soil types and the transition may be gradual.




Bt i =2y sty SRR L et B bl DU LA S ! i l

44075 Phoenix Drive
Steriing Heights, Michigan 48314-1420
586-731-1818
Outside Michigan Dial 1-800-368-5227
Foxt Line 586-731-2590
www.EQualityLabs.com
CLIENT NAME: SCHLEEDE HAMPTON PROJECT NAME/NO.: SOUTHFIELD BASIN
33101 SCHOOLCRAFT RD.
LIVONIA, MI 48150
DATE RECEIVED SAMPLE TEMP DATE TCLP EXTRACTED DATE ANALYZED DATE REPORTED
08/17/04 4°C 08/18/04 ~ 08/20/04 08/25/04
EXTRACTION FLUID 1
ANALYZED BY: JD METALS REFERENCED METHOD:6000/7000/1311 ALL SOIL RESULTS REPORTED IN ppMillion
DRY WEIGHT CORRECTED (SOILS ONLY)

LAB NO. 3359 3360 3361 3362 3363 3364

RDL SOIL SOIL SOIL SOIL SOIL SOIL

TCLP B-1 B-2 B-3 B-4 B-5 B-6
COMPOUND NAME PpM 0-4' 0-3" 0-3.5" 0-1.5" 0-1.5' 0-3.5"
ARSENIC 6010 ‘ 0.010 ND ND ND ND ND ND
BARIUM 6010 0.100 0.511 0.534 0.665 0.442 0.931 0.803
CADMIUM 6010 0.001 ND 0.001 0.001 ND ND ND
CHROME, TOTAL 6010 0.005 ND ND ND ND ND ND
COPPER 6010 0.004 ND ND ND ND ND ND
LEAD 7421 0.003 0.009 ND ND ND ND ND
SILVER 6010 0.0002 ND ND ND ND ND ND
ZINC 6010 0.050 0.091 0.256 0.190 0.092 0.421 0.175
SELENIUM 7740 0.005 ND ND ND ND ND ND
MERCURY 7470 0.0002 ND ND ND ND ND ND
NOTE: "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET

LIMIT OF DETECTION. .

THOMAS S. MEGNA, PRESIDENT &(7/)/\ ALA GADJA, LAB SUPERVISOR %é I%ZQ

REFERENCES: 40 CFR PART 136. CURRENT EDITION. las
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44075 Phoenix Drive
Sterling Heights, Michigan 48314-1420
586-731-1818
OQuitside Michigan Dial 1-800-368-5227
Fax Line 586-731-2590
www.EQualityLabs.com
CLIENT NAME: SCHLEEDE HAMPTON PROJECT NAME/NO. : SOUTHFIELD BASIN
33101 SCHOOLCRAFT RD.
LIVONIA, MI 48150 »
DATE RECEIVED SAMPLE TEMP DATE TCLP EXTRACTED DATE ANALYZED DATE REPORTED
08/17/04 4°C 08/18/04 - 08/20/04 , 08/25/04
EXTRACTION FLUID 1
ANALYZED BY: JD METALS REFERENCED{METHOD:6000/7000/1311 ALL SOIL RESULTS REPORTED IN ppMillion
DRY WEIGHT CORRECTED (SOILS ONLY)

LAB NO. 3365 3366 3367 3368

RDL SOIL SOIL SOIL SOIL

TCLP B-"7 B-8 B-9 B-10
COMPOUND NAME ppM 0-1.5" 0-13" 0-1" 0-3.5"
ARSENIC 6010 ‘ 0.010 ND ND ND ND .
BARIUM 6010 0.100 1.1 0.783 0.553 0.698
CADMIUM 6010 0.001 ND ND ND ND
CHROME, TOTAL 6010 0.005 ND ND ND ND
COPPER 6010 0.004 ND ND ND ND
LEAD 7421 0.003 ND ND ND ND -
SILVER 6010 0.0002 ND ND ND ND
ZINC 6010 0.050 0.381 0.295 0.265 0.420
SELENIUM 7740 0.005 ND ND ND ND
MERCURY 7470 0.0002 ND ND ND ND
NOTE : "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET

LIMIT OF DETECTION.

THOMAS S. MEGNA, PRESIDENT /?/)/) ALA GADJA, LAB SUPERVISOR ML v&igg’/g\

REFERENCES: 40 CFR PART 136. CURRENT EDITION. las



CLIENT NAME: SCHLEEDE HAMPTON

‘-l% '\vlg

33101 SCHOOLCRAFT RD.

LIVONIA, MI 48150

DATE REPORTED

DATE RECEIVED

-l‘E.

T NF,

i B &

§

o B

44075 Phoenix Drive
Sterling Heights, Michigan 48314-1420

586-731-1818
Outside Michigan Dial 1-800-368-5227

Fax Une 586-731-2590
www EQualityLabs.com

PROJECT NAME/NO. :

SAMPLE TEMP

7 TR 8|

AN

SOUTHFIELD BASIN

- DATE EXTRACTED

DATE ANALYZED

08/25/04 08/17/04 4°¢C 08/19/04 08/19/04
ANALYZED BY: GN REFERENCED METHOD: 8310 SCAN DRY WEIGHT CORRECTED (SOILS ONLY)
RESULTS REPORTED IN ppBillion

LAB NO. 3359 3360 3361 3362 3363 3364 3365 3366

RDL RDL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL

SOIL WATER B-1 B-2 B-3 B-4 B-5 B-6 B~-7 B-8
COMPOUND NAME - _ppB PpB 0-4' 0-3° 0-3.5' 0-1.5' 0-1.5' 0-3.5' 0-1.5" 0-13"
Naphthalene 330 5.0 ND ND ND ND ND ND " ND ND
Acenaphthvlene 330 5.0 ND 880 ND ND ND ND ND ND
Acenaphthene 330 5.0 ND 6400 900 390 ND ND ND 820
Fluorene 330 5.0 ND ND ND ND ND ND ND ND
Phenanthrene 330 2.0 ND 1900 330 ND ND ND ND ND
Anthracene 330 5.0 ND ND ND ND ND ND ND ND
Fluoranthene 330 1.0 ND 5400 1200 380 ND ND ND 770
Pyrene 330 5.0 ND 3400 850 ND ND ND ND 480
Benzo(a)anthracene 330 1.0 ND 1600 ND ND ND ND ND ND
Chrysene 330 1.0 ND 2500 540 ND ND ND ND 430
Benzo (b) fluoranthene 330 1.0 ND 2500 650 ND ND ND ND 460
Benzo (k) fluoranthene 330 0.8 ND 1500 ND ND ND ND ND ND
Benzo(a)pyrene 330 1.0 ND 3100 620 ND ND ND ND 540
Dibenzo(ah)anthracene 330 0.2 ND 360 ND ND ND ND ND ND
Benzo (ghi)pervlene 330 0.4 ND 1500 350 ND ND ND ND ND
Indeno (123-cd)pyrene 330 0.4 ND 2000 480 ND ND ND ND 390
2-Methvlnaphthalene 330 5.0 ND 2200 340 ND ND ND ND 340
NOTE : "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET

LIMIT OF DETECTION.
THOMAS S. MEGNA, PRESIDENT

r/;na\

REFERENCES: 40 CFR PART 136.

CURRENT EDITION.

ALA GAJDA, LAB SUPERVISOR
las
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44075 Phoenix Drive
Sterling Heights, Michigan 48314-1420
586-731-1818
Cutside Michigan Dial 1-800-368-5227
Fax Line 586-731-2590

www.EQuialiiyLabs.com
CLIENT NAME: SCHLEEDE HAMPTON PROJECT NAME/NO. : SOUTHFIELD BASIN
33101 SCHOOLCRAFT RD.
LIVONIA, MI 48150
DATE REPORTED DATE RECEIVED SAMPLE TEMP - DATE EXTRACTED DATE ANALYZED
08/25/04 08/17/04 4°c 08/19/04 08/19/04
ANALYZED BY: GN REFERENCED METHOD: 8310 SCAN DRY WEIGHT CORRECTED (SOILS ONLY)
RESULTS REPORTED IN ppBillion

LABR NO. 3367 3368

RDL RDL SOIL SOIL

SOIL WATER B-9 B-10
COMPOUND NAME PpB PPrB 0-1" 0-3.5"
Naphthalene 330 5.0 ND ND '
Acenaphthyvlene 330 5.0 ND ND
Acenaphthene 330 5.0 570 1500
Fluorene 330 5.0 ND ND
Phenanthrene 330 2.0 ND 400
Anthracene 330 5.0 ND ND
Fluoranthene 330 1.0 530 1700
Pyrene 330 5.0 570 1300
Benzo(a)anthracene 330 1.0 ND 360
Chrysene 330 1.0 ND 780
Benzo (b)fluoranthene 330 1.0 ND 1000
Benzo (k) fluoranthene 330 0.8 ND 470
Benzo(a)pvyrene 330 1.0 ND 1000
Dibenzo (ah)anthracene 330 0.2 ND ND
Benzo (ghi)pervlene 330 0.4 ND 510
Indeno (123-cd)pvyrene 330 0.4 ND 690
2-Methyvlnaphthalene 330 5.0 ND 530
NOTE : "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET

LIMIT OF DETECTION.

THOMAS S. MEGNA, PRESIDENT
REFERENCES: 40 CFR PART 136.

«/2)/\

CYRRENT EDITION. las

ALA GAJDA, LAB SUPERVISOR 424%\«7;253L~/



CLIENT NAME:

DATE REPORTED

SCHLEEDE HAMPTON

33101 SCHOOLCRAFT RD.

LIVONIA, MI

DATE RECEIVED

48150

{ =4 ] (A

=89 E = RR A
44075 Phosenix Drive

Sterling Heights, Michigan 48314-1420
586-731-1818
Qutside Michigan Dial 1-800-368-5227

SAMPLE TEMP

W

Fax Une 586-731-2590
www.EQualltyLabs.com

PROJECT NAME/NO. :

SKEL , HNY

SOUTHFIELD BASIN

- DATE EXTRACTED

DATE ANALYZED

08/25/04 08/17/04 4°C 08/23/04 08/24/04
ANALYZED BY: GN REFERENCED METHOD? 8082 PCB's DRY WEIGHT CORRECTED (SOILS ONLY)
RESULTS REPORTED IN ppBillion
LAB NO. 3359 3360 3361 3362 3363 3364 3365 3366
RDL RDL SOIL SOIL SOIL SOIL SOIL SOIL SOIL SOIL
SOIL WATER B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8
COMPOUND NAME PPB ppPB 0-4'" 0-3' 0-3.5' 0-1.5' 0-1.5' 0-3.5" 0-1.5" 0-13"
Aroclor 1016 330 0.2 ND ND ND ND ND ND ND ND
Aroclor 1221 330 0.2 ND ND ND ND ND ND ND ND
Aroclor 1232 330 0.4 ND ND ND ND ND ND ND ND
Aroclor 1242 330 0.2 ND ND ND ND ND ND ND ND
Aroclor 1248 330 0.2 ND ND ND ND ND ND ND ND
Aroclor 1254 330 0.2 ND ND ND ND ND ND ND ND
Aroclor 1260 330 0.2 ND ND ND ND ND ND ND ND
1
NOTE : "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET
LIMIT OF DETECTION. <
THOMAS S. MEGNA, PRESIDENT 5/;y7/3 ALA GAJDA, LAB SUPERVISOR Cz/é;-ré%%L_,/
REFERENCES: 40 CFR PART 136. CURRENT EDITION. las T
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44075 Phoenix Drive
Sterling Heights, Michigan 48314-1420
586-731-1818
Outside Michigan Dial 1-800-368-5227
Fax Line 586-731-25%90
www, EQualityLabs.com
CLIENT NAME: SCHLEEDE HAMPTON PROJECT NAME/NO. : SOUTHFIELD BASIN
33101 SCHOOLCRAFT RD.
LIVONIA, MI 48150
DATE REPORTED DATE RECEIVED SAMPLE TEMP - DATE EXTRACTED DATE ANALYZED
08/25/04 08/17/04 4°¢C 08/23/04 08/24/04
ANALYZED BY: GN REFERENCED METHOD: 8082 PCB's DRY WEIGHT CORRECTED (SOILS ONLY)
RESULTS REPORTED IN ppBillion
LAB NO. ) 3367 3368 ‘
RDL RDI, SOIL SOIL
SOIL WATER B-9 B-10
COMPOUND NAME - _PpB pprB 0-1" 0-3.5"
Aroclor 1016 330 0.2 ND ND ‘
Aroclor 1221 330 0.2 ND ND
Aroclor 1232 330 0.4 ND ND
Aroclor 1242 330 0.2 ND ND
Aroclor 1248 330 0.2 ND ND
Aroclor 1254 330 0.2 ND ND
Aroclor 1260 330 0.2 ND ND
NOTE : "ND" DENOTES THAT ANALYTE RESULT IS BELOW THE REPORTED REGULATORY DERIVED TARGET
LIMIT OF DETECTION. %),) M
THOMAS S. MEGNA, PRESIDENT / ? ATLA GAJDA, LAB SUPERVISOR

REFERENCES: 40 CFR PART 136.~ CURRENT EDITION. las
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ENVIRONMENTAL QUALITY LABORATORIES, INC
44075 Phoenix Drive
Sterling Heights. Michigan 48314-1420

Consultant SCHLEEDE - %Mpfm/ Assac,
Sampler: &g Phone: Z48. 540 oK

(586) 731-1818 + (800) 368-5227 + Fax (586) 731.2590

{ { , L

Lo L I

Chain of Custody
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(Call 1o confirm Emergency turnaround time).
Rush analysis resulls via:

or- Phone #:
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CONDITION OF SAMPLES UPON RECEIFT AT EQL.

Sample Temp: _ Preserve? Damaged?

Comments:

Faxi#: __ -or- T

A2 20

In case we have questions when the samples arrive, cal!:

Name:

Phaone:

Send raport to:
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SCHLEEDE-HAMPTON ASSOCIATES, INC.

CONSULTING ENGINEERS

GENERAL NOTES

PARTICLE SIZE DESCRIPTION & TERMINOLOGY

Coarse Grained or Granular Soils have more than 50% &f their dry weight retained on a #200 sieve; they are described as:
boulders, cobbles, gravel or sand. Fine Grained soils have less than 50% of their dry weight retained on a #200 sieve; they are
described as: clays or clayey silts if they are cohesive and silts if they are non-cohesive. In addition to gradation, granular soils
are defined on the basis of their relative in-place density and the fine grained soils on the basis of their strength or consistency

and their plasticity.

Major Component Size Descriptive Term of Components Approximate
of Sample Range Also Present in Sample Quantity (Percent)
Boulders Over 8 in. (200 mm)

Cobbles 8 inches to 3 inches Trace 1-9
~ (200 mm to 75mm) '

Gravel 3 inches to #4 sieve Little 10-19
(75mm to 4.75mm)

Sand #4 1o #200 sieve Some 20-34
(4.75mm to 75um)

Silt Passing #200 sieve And 35-50

(75um to 2pum)

Clay Smaller than 2um

RELATIVE DENSITY AND CONSISTENCY CLASSIFICATION

GRANULAR SOILS
DENSITY CLASSIFICATION APPROXIMATE RANGE OF N *
Very Loose 0-3
Slightly Dense 4-9
Medium Dense 10-29
Dense 30-49
Very Dense 50 - 80
Extremely Dense 80 +
COHESIVE SOILS
CONSISTENCY UNCONFINED COMPRESSIVE APPROXIMATE
STRENGTH, Qu - TSF RANGE OF N *
Very Soft 0.25 0-2
Soft 0.25-0.49 3-4
Firm 0.50-0.99 5-8
Stiff 1.00-1.99 9-15
Very Stiff 2.00-3.99 16 - 30
Hard 4.00 - 8.00 31-50
Very Hard 8.00 + Qver 50

* STANDARD PENETRATION TEST (ASTM D1586) - A 2.0" outside-diameter, split barrel sampler is driven into undisturbed soil by
means of a 140 pound weight falling freely through a vertical distance of 30 inches. The sampler is normally driven 3 successive 6 inch
increments. The total number of blows required for the final 12 inches of penetration is the Standard Penetration Resistance (N).
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APPENDIX A: STREAM FUNCTIONS PYRAMID

d. PERFORMANCE STANDARDS TABLE

Notes:

1. Since there are no Hydrology Performance Standards, there is not a Hydology Summary Table

2. Many of the performance standard values, especially the dimensionless ratios, should be considered as examples that can
be modified based on regional differences in reference conditions.

3. Great care should be taken when selecting measurement methods and performance standards. Refer to Chapters 6-10 and
the associated references before selecting measurement methods and performance standards.

HYDRAULIC

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
METHOD FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Bank Height Ratio 1.0to 1.2 1.3t0 1.5 >15b
(BHR)
Entrenchment Ratio > 2.2 2.0to 2.2 <20 Rosgen. 2001
(ER) for C and E Stream gen,

(proceedings) and
Floodplain Types 1994 (book)
Connectivity Entrenchment Ratio > 1.4 1.2t0 1.4 <1.2

(ER) for B and Bc

Stream Types

Dimensionless rating Project site Q/Q,,, | Project site Q/Q,,; | Project site Q/Qbkf Dunne and

curve plots on the curve | plots above the of 2.0 plots above | Leopold 1978
curve 1.6 for d/gpks (book)

Bankfull Velocity forC | 3to 6 6to7 >7

and E stream types

(ft/s) Dunne and
Flow Dynamics | Bankfull Velocity for Cc | <3 3to4 >5 Leopold 1978

(ft/s) (book)

Bankfull Velocity forB | 4to 6 6to7 >7

stream types (ft/s)

plwelAd suoilound wealls 1y xipuaddy
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
METHOD FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Large Woody Large Woody Debris LWDI of project LWDI of project LWDI of project Davis et al., 2001
Debris Index (LWDI) reach equals LWDI | reach does not reach does not (USFS Technical
of reference reach. ' equal LWDI of equal LWDI of Report)
reference reach, reference reach
but is trending in and is not trending
that direction. in that direction.
Rosgen’s Stream Type Succession Scenarios
1.E-C—-Gc—F—-C—E E,C C—Gc and F—C Ge, F
2.C—»D—-C C C—D and D—C D
3.C—»D—=Gc—=F—=C C C—D and F—C D, Gec, F
4, C—-G—-F—Bc C, Bc C—Gand F—Bc G, F
5.E=Gc—=F—=C—E E,C E—Gc and F—=C Ge, F
6.B—>G—Fb—B B B—-GandFb—B  G,Fb Rosgen 2010
(conference
7.Eb—G—B Eb, B Eb—G and G—B G workshop)
Channel 8.C—-G—=F—=D—-C C C—G and D—C G,F,D
Evolution 9.C>G—>F—C C C—G and F—C G,F
10. E-A—-G—=F—-=C—E E E—A and F—=C AG, F
11.C—»F—-C—F—=C First and last C C—F F
12.C-G—-F—-=C—-C—C | FirstandlastC C—G and C—C G,F, Fourth C
Simon Channel Evolution Model Stages
1. Sinuous, pre-
e v
modified Simon 1989
2. Channelized v (journal)
v

3. Degradation

plwelAd suoilound wealls 1y xipuaddy



APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE

2102 AN « domauwelq paseg-uoljoungd y
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METHOD

FUNCTIONING

FUNCTIONING-
AT-RISK

NOT
FUNCTIONING

Channel
Evolution

4. Degradation and
widening

v

5. Aggradation and
widening

v

6. Quasi-equilibrium

v

Simon 1989
(journal)

* Only late Stage 5 of the Simon model, where the stream has begun to construct a new floodplain at a lower elevation,
is considered to be Functioning-at-Risk.

Bank Migration/
Lateral Stability

Meander Width Ratio
for C and E stream

types

= 3.5 (based on
reference reach
surveys)

3.0to 3.5 as long
as sinuosity is
=12

< than 3.0

Lateral Erosion rate —
Low BEHI Curve

Very low to
Moderate NBS

Moderate to Very
High NBS

Extreme NBS

Lateral Erosion rate —
Moderate BEHI Curve

Very low to Low
NBS

Low to High NBS

High to Extreme
NBS

Lateral Erosion rate — N/A Low to Moderate Moderate to
High and Very High NBS Extreme NBS
BEHI Curve

Lateral Erosion rate — N/A Low NBS Low to Extreme

Extreme BEHI Curve

NBS

Lateral Erosion Rate
(Bank Pins and Bank
Profiles)

Erosion rate is
similar to
reference reach
values, generally
< 0.1 ft/yr

0.1 to 0.5 ft/yr

> 0.5 ft/yr

Rosgen, 2001
(proceedings)
and 2006 (book)

plwelAd suoilound wealls 1y xipuaddy
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE

LISV FUNCTIONING FUNCTIONING- NOT

AT-RISK FUNCTIONING

Lateral Erosion Rate for | w/Dproj =1.0to | w/Dproj =1.2to | w/Dproj =>1.4

C4 streams (Cross 1.2 1.4 i
Bank Migration/ | Sections) w/Dref w/Dref w/Dref Simon and

.- Langendoen 2006

Lateral Stability - .

Bank Stability and Toe | Fs> 1.3 1.0<Fs> 13 Fs< 1.0 (proceedings)

Erosion Model

Average Buffer Width > 150 30 to 150 <30 Meyer et al., 2005

Riparian
Vegetation

(Ft) C and E Stream
Types

(journal)

Buffer Width (Ft) from
Meander Belt Width for
C and E Stream Types

Meander belt
width at least 3.5
times the bankfull
width plus = 15
feet from outside
of meander bend

Meander belt
width at least 3.5
times the bankfull
width plus 10 to 15
feet from outside
of meander bend

Meander belt
width < 3.5 times
the bankfull width
and/or < 10 feet
from outside of
meander bend

Proposed as an
option in this
document

Buffer Density
(Stems/ac)

Buffer Age

Parameter is
similar to
reference reach
condition, with no

Parameter
deviates from
reference reach
condition, limiting

Significantly less
functional than
reference
condition; little or

Buffer Composition additional function, but the no potential to
maintenance potential exists for | improve without
Buffer Growth required. full functionality significant
Canopy Density over time or with | restoration effort.
moderate
additional
maintenance.
Proper Functioning Proper Functional At-Risk | Nonfunctional Prichard et al.,
Condition (PFC) Functioning 1998 (USFS
Condition Technical Report)
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)

d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
LISV FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
NRCS Rapid Visual Natural vegetation | Natural vegetation | Natural vegetation | NRCS Technical
Assessment Protocol extends at least extends at least less than one-third | Report
one to two active | one-half to one- active channel
channel widths on | third active widths on each
each side, or if channel widths on | side, or lack of
less than one each side, or regeneration, or
width, covers filtering function filtering function
entire floodplain. moderately severly
(8-10) compromised. (3-5) | compromised. (1)
Riparian The EPA Rapid Width of riparian | Width of riparian | Width of riparian | Barbour et al.,
Vegetation Bioassessment zone > 18 meters; | zone 12-18 meters; | zone < 6 meters; 1999 (EPA

Protocol (RBP)

humans have not
impacted zone.
(Optimal, 9-10)

human activities
have minimally
impacted zone.
(Sub-Optimal, 6-8)
Width of riparian
zone 6-12 meters;
human activities
have impacted
zone a great deal.
(Marginal, 3-5)

little or no riparian
vegetation due to
human activity.
(Poor, 0-2)

Technical Report)
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
METHOD FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
USFWS Stream All three zones of | Only Zone 2 of No zones of Allen et al., 1999
Assessment Ranking vegetation exist; vegetation is well | vegetation well
(SAR) runoff is primarly | represented; represented;
sheet flow; runoff is equally runoff is primarily
hillslopes < 10%; sheet and concentrated flow
hillslopes > 200 ft | concentrated flow | (extensive gully
from stream; (moderate gully and rill erosion);
Riparian ponding or and rill erosion); hillslopes > 40%;
v . wetland areas and | hillslopes 20-40%; | hillslopes < 50 ft
egetation

litter or debris
jams are well
represented.

hillslopes 50-100 ft
from stream;
ponding or
wetland areas and
litter or debris
jams are
minimally
represented.

from stream;
ponding or
wetland areas and
litter or debris
jams are not well
represented or
completely
absent.
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
A=A FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Perennial Streams in Alluvial Valleys (C, E)
Percent Riffle 60 to 70 70 to 80 >80 Professional
40 to 60 <40 Judgement
Pool-to-Pool Spacing 4tob 3to4and5to7 <3.0and>7 Leopold 1994,
Ratio (Watersheds < 10 Gregory et al.,
mi?) 1994 journal),
Whittake 1987
(book), Chin 1989
(journal), and
Grant 1990
(journal)
Bed Form Pool-to-Pool Spacing 5to7 35toband7t08 |<3.5and>8 Leopold 1994,
Diversity Ratio (Watersheds > 10 Gregory et al.,
mi?) 1994 journal),
Whittake 1987
(book), Chin 1989
(journal), and
Grant 1990
(journal)
Depth Variability — > 1.5 1.2to 1.5 <12
Gravel Bed Streams
(Pool Max Depth Ratio) Rosgen 2006
Depth Variability — >1.2 1.1t0 1.2 <11 (book)

Sand Bed Streams
(Pool Max Depth Ratio)
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

GEOMORPHOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
LISV FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Bed Material Bed material Project Reach is N/A Project Reach is Bevenger and
Characterization | composition not statistically statistically King, 2005 (USFS
different than different (finer) Technical Report)
reference reach. than reference
reach.

Moderate Gradient Perennial Streams in Colluvial Valleys

Pool-to-Pool Spacing 2to 4 4to 6 >6 Leopold 1994,
Ratio (Slope between 3 Gregory et al.,
and 5%) 1994 journal),

Whittake 1987
(book), Chin 1989
(journal), and

Bed Form C_%rant 1990

Diversity (journal)
Depth Variability (Pool | > 1.5 1.2to 1.5 <12 Leopold 1994,
Max Depth Ratio) Gregory et al.,

1994 journal),
Whittake 1987
(book), Chin 1989
(journal), and
Grant 1990
(journal)
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

PHYSICOCHEMICAL

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
METHOD FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
DO Meets water Meets water Does not meet
Temperature quality standards | quality standards | water quality
Turbidity for designated use | for designated use | standards
Representative of | Is not Is not
reference reach representative of | representative of
and meets species | reference reach the reference Performance
requirements and does not reach standards have not
support species D been developed for
requirements oes not support these parameters
Water Quality species and are therefore
requirements
based on reference
pH Representative of | Does not have Statistically reach comparisons
Conductivity values measured representative different than and state water
Turbidity in reference reach | reference reach reference reach quality databases.

values or

Does not support
designated use or
species
requirements

and does not
support aquatic
life
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)
d. PERFORMANCE STANDARDS TABLE

PHYSICOCHEMICAL

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
ML FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Field test kits using | Meets water Meets water Does not meet Performance
reagents reactions quality standards | quality standards | water quality standards have not
for designated use | for designated standards been developed for
use, but is not these parameters
representative of and are therefore
reference reach based on reference
Nutrients Laboratory analysis | Representative of | Does not cause Is not reach comparisons

reference reach

Does not cause
eutrophication

eutrophication

representative of
the reference
reach

Causes
eutrophication

and state water
quality databases.

Organic Carbon

Laboratory analysis

Meet reference
reach OC
concentrations

Do not meet
reference reach
OC concentrations

Do not meet
reference reach
OC concentrations
and are below a
predetermined
threshold
determined for
adequate organic
processing

Performance
standards have not
been developed for
these parameters
and are therefore
based on reference
reach comparisons
and state water
quality databases.
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d. PERFORMANCE STANDARDS TABLE

BIOLOGY
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PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
CELED FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Microbial Periphyton Index of | =72 61-71 <60 Hill et al., 2000
Communities Biological Integrity (Journal)
(PIBI)
Biological Indices
Mean Trophic Rank | > 65 25-65 <25 Holmes et al.,
Macrobhvies (MTR) 1999 (Technical
phy Report)
Reference Index (RI) | -50 to 100 -70 to -50 <-70 Meilenger, 2005
(Journal)
Biological Indices
Family-Level Biotic | 0.00-4.25 4.26-5.75 5.76-10.00 Hilsenhoff, 1988
Index (FBI) Ranges (Journal)
Excellent to Very Good to Fair Fairly Poor to Very
Good Poor
WVSCI Ranges 68-100 45-61 0-45 Gerritsen et al.,

Macroinvertebrate
Communities

Virginia Stream
Condition Index

SOS Multimetric
Index

Very Good to
Good

61-100
Exceptional to
Similar to Ref.

7-12

Acceptable

Gray Area to Fair

40-60

Impaired Tier 1

N/A

Poor to Very Poor

0-40

Impaired Tier1 & 2

0-6

Unacceptable

2000; WVDEP

Burton J. and J.
Gerritsen, 2003

Engel and Voshell,
2002
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APPENDIX A: STREAM FUNCTIONS PYRAMID (CONT.)

d. PERFORMANCE STANDARDS TABLE

BIOLOGY

PARAMETER MEASUREMENT PERFORMANCE STANDARD SOURCE
METHOD FUNCTIONING FUNCTIONING- NOT
AT-RISK FUNCTIONING
Biological Indices
Mid-Atlantic IBl > 72 IBl =56 to 71 IBl < 56 McCormick et al.,
Highlands IBI 2001
Fish Communities Good to Excellent | Fair Poor
Mid-Western Fish 48-60 40-44 0-34 Karr et al., 1986
Community IBI
Good to Excellent | Fair Poor to No Fish
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APPENDIX J
Michigan Department of Transportation Construction
Permit — Tamarack Creek



APPENDIX K
Michigan Department of Environment, Great Lakes and
Energy (EGLE) Construction Permits

Appendix K1 — EGLE Permit Tamarack Creek
Appendix K2 — EGLE Permit Johnson Creek



