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Summary for Subcatchment 1S: Subcatchment P-1 (North)
Runoff = 16.08 cfs @ 12.09 hrs, Volume= 1.238 af, Depth> 0.74"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-Year Rainfall=6.49"
Area (sf) CN Description
194,665 39 >75% Grass cover, Good, HSG A
554,920 43 Woods/grass comb., Fair, HSG A
130,155 48 Brush, Poor, HSG A
879,740 43 Weighted Average
879,740 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
10.7 100 0.0600 0.16 Sheet Flow, Segment AB
Grass: Dense n=0.240 P2=2.37"
15 400 0.0750 4.41 Shallow Concentrated Flow, Segment BC
Unpaved Kv=16.1 fps
1.1 300 0.0570 4.61 23.05 Channel Flow, Segment CD
Area= 5.0 sf Perim=16.3' r=0.31'
n= 0.035 Earth, dense weeds
13.3 800 Total
Subcatchment 1S: Subcatchment P-1 (North)
Hydrograph
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Summary for Subcatchment 2S: Subcatchment P-2 (East)
Runoff = 14.64 cfs @ 12.15 hrs, Volume= 1.282 af, Depth> 0.80"
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-Year Rainfall=6.49"
Area (sf) CN Description
55,500 39 >75% Grass cover, Good, HSG A
582,650 43 Woods/grass comb., Fair, HSG A
201,020 48 Brush, Poor, HSG A
839,170 44  Weighted Average
839,170 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
12.6 100 0.0400 0.13 Sheet Flow, Segment AB
Grass: Dense n=0.240 P2=2.37"
51 1,110 0.0500 3.60 Shallow Concentrated Flow, Segment BC
Unpaved Kv=16.1 fps
17.7 1,210 Total
Subcatchment 2S: Subcatchment P-2 (East)
Hydrograph
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Summary for Subcatchment 3S: Subcatchment P-3 (Central)

Runoff = 21.58 cfs @ 12.15 hrs, Volume= 2.001 af, Depth> 0.73"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr 100-Year Rainfall=6.49"

Area (sf) CN Description
755,635 39 >75% Grass cover, Good, HSG A
671,045 48 Brush, Poor, HSG A

1,426,680 43 Weighted Average

1,426,680 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
12.6 100 0.0400 0.13 Sheet Flow, Segment AB
Grass: Dense n=0.240 P2=2.37"
0.7 170 0.0650 4.10 Shallow Concentrated Flow, Segment BC
Unpaved Kv=16.1 fps
4.6 750 0.0430 2.73 32.75 Channel Flow, Segment CD
Area= 12.0 sf Perim=20.9' r=0.57"
n=0.078 Riprap, 12-inch

179 1,020 Total

Subcatchment 3S: Subcatchment P-3 (Central)
Hydrograph
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Summary for Subcatchment 4S: Subcatchment P-4 (West Central)

Runoff =

3.85cfs@ 12.10 hrs, Volume=

0.287 af, Depth> 0.80"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs

Type Il 24-hr 100-Year Rainfall=6.49"

Area (sf) CN Description

39
48

85,475
101,775

>75% Grass cover,
Brush, Poor, HSG A

Good, HSG A

187,250
187,250

44  Weighted Average

Tc Length
(min) (feet)

Slope

(fUft)  (ft/sec)

100.00% Pervious Area

Velocity Capacity Description
(cfs)

12.6 100 0.0400 0.13

11 325 0.0920 4.88

Sheet Flow, Segment AB

Grass: Dense n=0.240 P2=2.37"
Shallow Concentrated Flow, Segment BC
Unpaved Kv=16.1 fps

13.7 425 Total

Subcatchment 4S: Subcatchment P-4 (West Central)
Hydrograph
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Summary for Pond 1P: Proposed Retention Pond

Inflow Area = 32.752 ac, 0.00% Impervious, Inflow Depth > 0.73" for 100-Year event
Inflow = 21.58 cfs @ 12.15 hrs, Volume= 2.001 af

Outflow = 0.00cfs@ 5.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Routing by Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs

Peak Elev= 752.18' @ 20.00 hrs Surf.Area= 47,458 sf Storage= 87,057 cf

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 750.00' 669,750 cf Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sqg-ft) (cubic-feet) (cubic-feet)
750.00 32,350 0 0
760.00 101,600 669,750 669,750

Pond 1P: Proposed Retention Pond
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ATTACHMENT A.2
STORMWATER DRAINAGE PIPE CALCULATIONS

(LEFT BLANK IN CASE REQUIRED)



ATTACHMENT A.3
SLOPE STABILITY CALCULATIONS
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ATTACHMENT A.4
GEOSYNTHETIC CALCULATIONS
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ATTACHMENT A.5
SETTLEMENT CALCULATIONS
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Section 1806
Allowable Load Bearing Values of Soils

TABLE 1806.2
ALL OWABL E FOUNDATION AND LATERAL PRESSURE

ALLOWABLE LATERAL LATERAL SLIDING
FOUNDATION BEARING
PRESSI&RE (PstA below galural Coefficlem neslstagce
CLASS OF MATERIALS (psn) grade) of friction”® {pst
1. Crysialline bedrock 12.000 1.200 0.70 —
1. Scdimentary and foliated mock 4.000 400 0.35 —_
3. Sandy gravel andior gravel (GW and GP) 3,000 200 .35 —
4. Sand. silty sand. clayey sand. silty gravel and 2 a0 15 —
clayew gravel (SW, SP. SM, SC. GM and GC) —_— 4 .
5. Clay. sandy clay. silty clay, clayey silt. silt and R . 3
sandy silt (CL. ML MH and CHy IS 100 I8

Fac 51: 1 pounit per square frot = 0.047% P, 1 pound per sguare faot per faol = 0157 kPaim.

a Ceefficient 1o be mmuitipfied by Lhe dead laad

b Laterat sliding sesistance vadue 1o be moliplied by the contacl ama. as limited by Sectson 18043

. Wheee the building offtcial determines that in-place soils with an all@aabde bearing camacity of less then 1500 psf are fikaly 10 be preseat at ihe sitz, the alkrvabie
bearing capacity shall be determined v a soils imvestigation

4 Anpceease of one-third is parmittad when using the alteraate 9ad combinations in Section 160532 that include wind of anthquaks londs
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ATTACHMENT A.6
SoiL EROSION Loss
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MICHIGAN TECHNICAL GUIDE
SECTION IC
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FIRII FACTORS

/ Rainfall erosion factors to be used with
the Revised Universal Soil Loss Equation
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TECHNICAL GUIDE
SECTION I-C
State-Wide

T4BLE 4 Efcenrre EROSION PREDICTION-WATER-51

MI0573 TOOGOOD S 220 0.15 0.15 5 333 333
MI0573 TOOGOOD LS 134 0.17 0.17 5 29.4 29.4
Mi0168 TRENARY VFSL 86 0.24 0.24 5 20.8 20.8
MI0168 TRENARY FSL 86 0.24 0.24 5 20.8 20.8
MI0329 TRENARY VFSL 86 0.24 0.24 5 20.8 20.8
MI10329 TRENARY FSL SL 86 0.24 0.24 5 20.8 20.8
MI0366 TRENARY STV-FSL 0 0.17 0.24 5 29.4 20.8
MI0630 TRENARY ST-FSL ST-VFSL 86 0.17 0.24 5 29.4 20.8
MI0553 TRIMOUNTAIN CB-LFS 134 0.1 0.17 4 40.0 23.5
MI0553 TRIMOUNTAIN GR-FSL GR-SL GR-LFS 86 0.15 0.24 4 26.7 16.7
MI0553 TRIMOUNTAIN CB-FSL CB-VFSL 86 0.17 0.24 4 23.5 16.7
MI0554 TRIMOUNTAIN CB-FSL CB-VFSL 0 0.17 0.24 4 235 16.7
MI0554 TRIMOUNTAIN GR-FSL GR-SL GR-LFS 0 0.17 0.24 4 235 16.7
MI0554 TRIMOUNTAIN CB-LFS 4] 0.1 0.17 4 40.0 23.5
MI0116 TULA CB-VFSL CB-FSL 86 0.28 0.37 4 14.3 10.8
MI0169 TULA CB-VFSL CB-FSL 86 0.28 0.37 4 14.3 10.8
MI0009 TUSCOLA LFS 134 0.17 0.17 5 294 294
MI0009 TUSCOLA SILL 56 0.32 0.32 5 15.6 15.6
MI10009 TUSCOLA FSL SL VFSL 86 0.24 0.24 5 20.8 20.8
MI0488 TUSCOLA L 56 0.32 0.32 5 15.6 15.6
WI10069 TUSTIN LFS LS 134 0.17 0.17 5 29.4 29.4
WI0069 TUSTIN FSS 250 0.15 0.15 5 333 333
Mmi0223 TWINING SL 26 0.24 0.24 5 20.8 20.8
Mi0223 TWINING L 56 0.32 0.32 5 15.6 15.6
Tablc 4

K, T, T/K, and 1 Values for Soil Series used in Michigan for use in the Revised Universal Soil Loss Equation and Wind Erosion
Equation

Record  Series or Family Surface Texture 1 K Kf T T/K T/KE
MI5004 TYPIC DYSTROCHREPTS SLFSL 86 0.24 0.24 5 20.8 20.8
MI5004  TYPIC DYSTROCHREPTS SILL 56 0.37 0.37 5 13.5 13.5
MI5005 TYPIC DYSTROCHREPTS SLFSL 86 0.24 0.24 4 16.7 16.7
MI5005 TYPIC DYSTROCHREPTS SiLL 56 0.37 0.37 4 10.8 10.8
MI5007 TYPIC DYSTROCHREPTS SLFSL 86 0.24 0.24 4 16.7 16.7
MI5007 TYPIC DYSTROCHREPTS SILL 56 0.37 0.37 4 10.8 10.8
MI5047 TYPIC FRAGIAQUODS SILL 56 0.32 0.32 3 9.4 94

MI5047  TYPIC FRAGIAQUODS FSLSL 86 0.24 0.24 3 12.5 12.5
MI5047 TYPIC FRAGIAQUODS VFSL 86 0.37 0.37 3 8.1 8.1

MI5073 TYPIC HAPLAQUODS MK-S 220 0.15 0.15 5 333 333
MI5073 TYPIC HAPLAQUODS S 220 0.15 0.15 5 333 333
MI6020 TYPIC HAPLAQUODS MK-S 220 0.15 0.15 5 333 0.0

MI5069 TYPIC HAPLAQUOLLS MUCK 134 NONE NONE 5 0.0 0.0

MI5018 TYPIC HAPLORTHODS SLS 220 0.15 0.15 5 333 333
MI5018 TYPIC HAPLORTHODS SLFSL 86 0.2 0.24 5 25.0 20.8
M16022 TYPIC HAPLORTHODS S 220 0.15 0.15 5 333 333
MI6024 TYPIC HAPLORTHODS S 220 0.15 0.15 5 333 333
MI5051 TYPIC UDIPSAMMENTS S 220 lm 5 33.3 333
MI5052 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 333
MI5053 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 33.3 333
MIS054 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 333

USDA-NRCS-MICH (Notice 161 - 8/02) Erosion Prediction-Water.doc



TECHNICAL GUIDE
SECTION I-C
State-Wide

_I-ZHBLE 4 Ew]. LBAr TS EROSION PREDICTION-WATER-52

MI6026  TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 333
Mi6027 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 333
M16028 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 33.3
MI6029 TYPIC UDIPSAMMENTS S 220 0.15 0.15 5 333 333
MI0207 TYRE S 134 0.17 0.17 3 17.6 17.6
MI0207 TYRE S 220 0.15 0.15 3 20.0 20.0
MI0200 UBLY LS 134 0.17 0.17 5 2%.4 29.4
Mi0200 UBLY SL 86 0.24 0.24 S 20.8 20.8
MI10298 UBLY LS 134 0.17 0.17 5 29.4 29.4
M10298 UBLY SL 86 0.24 0.24 5 20.8 20.8
M10447 UBLY VFSL 86 0.37 0.37 4 10.8 10.8
MI8007 UDIPSAMMENTS SCOS LS 220 0.12 0.15 5 417 333
NE0523 UDIPSAMMENTS COS GR-S 134 0.02 0.02 5 250.0 250.0
NE0523 UDIPSAMMENTS LFS LS VFS 134 0.1 0.02 5 50.0 50.0
NE0523 UDIPSAMMENTS FS S LCOS 310 0.02 0.02 5 250.0 250.0
MI8001 UDORTHENTS GR-SLLSL 86 0.24 0.24 5 20.8 20.8
MI8001 UDORTHENTS SCLSICLCL 86 0.32 0.32 5 156 15.6
MI8001 UDORTHENTS CSIC 86 0.32 0 5 15.6 15.6
NEOS524 UDORTHENTS FSL L VFSL 86 0.24 0.28 5 20.8 17.9
NEO0524 UDORTHENTS SCLSICLCL 48 0.32 0.37 5 15.6 135
MI0631 VANRIPER CB-VFSL 86 0.28 0.37 5 179 13.5
MI0631  VANRIPER CBV-VFSL 0 0.28 0.37 5 179 135
MI0715 VANRIPER BYV-SIL 0 0.28 0.37 5 17.9 135
MI0341 VELVET STV-LS 0 0.1 0.15 3 30.0 20.0
MIN4sA  VFIVFT GRV-LS GR-LFS GRV-S 0 0.1 0.17 3 300 17,6
MI0456  VELVET STV-LS CB-LFS CBV-S 0 0.1 0.17 3 30.0 17.6
Table 4

K, T, T/K, and | Values for Soil Series used in Michigan for use in the Revised Universal Soil Loss Equation and Wind Erosion
Equation

Record  Series or Family Surface Texture 1 K Kf T T/K T/KE
MI0270  VESTABURG LS 134 0.17 0.17 5 294 294
MI0270  VESTABURG SL 86 0.24 0.24 5 20.8 20.8
MI0270  VESTABURG S 220 0.15 0.15 5 333 333
MI0494  VESTABURG MK-S 220 0.15 0.15 5 333 333
MI0494  VESTABURG MK-LS 134 0.17 0.17 5 29.4 294
wi0242  VILAS S 250 0.15 0.15 5 333 333
Wi0242  VILAS LS 134 0.17 0.17 5 294 294
WI0493  VILAS S 250 0.15 0.15 5 333 333
WIi0493  VILAS LS 134 0.17 0.17 5 294 29.4
WI0340 WABENO SIL 56 0.37 0.37 4 10.8 10.8
WIi0341  WABENO ST-FSL 56 0.24 0.24 4 16.7 16.7
wi0341  WABENO ST-SIL 48 0.37 0.37 4 10.8 10.8
WI0394  WABENO SIL 56 0.37 0.37 4 10.8 10.8
wio418  WABENO SIL 56 0.37 0.37 4 10.8 10.8
WI0418  WABENO FSL 86 0.24 0.24 4 16.7 16.7
MI0729  WABUN S 220 0.15 0.15 4 26.7 26.7
MI0729  WABUN MK-S 134 0.15 0.15 4 26.7 26.7
MI0212  WAINOLA LFS 134 0.17 0.17 5 294 29.4
MI0212 WAINOLA FS 250 0.15 0.15 5 333 333

USDA-NRCS-MICH (Notice 161 - 8/02) Erosion Prediction-Water.doc



ATTACHMENT A.7
SUBSURFACE EXPLORATION DATA



Particle Size Distribution Report
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Date: 4/1/22

Depth: 6.0'- 8.0

Sample Number: S-4
@ 7nT

Location: GT-1

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022
Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-1

Depth: 6.0'- 8.0°

Material Description: light brown poorly graded SAND
Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Sample Number: S-4

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
357.91 15.85 0.00 #10 0.00 100.0 0.0
100.72 0.00 0.00 #20 0.02 100.0 0.0
#40 0.08 99.9 0.1
#60 10.00 90.1 9.9
#100 93.79 6.9 93.1
#140 97.99 2.7 97.3
#200 98.54 2.2 97.8
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 0.1 97.7 97.8 22
D5 D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dos
0.1328 | 0.1547 | 0.1611 | 0.1668 | 0.1772 | 0.1871 | 0.1972 | 0.2077 | 0.2327 | 0.2405 | 0.2499 | 0.3086
Modutus| Cu | Cc
0.99 1.34 0.98

TNT




Particle Size Distribution Report
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Date: 4/1/22

Depth: 17.0'- 19.0

Sample Number: S-7
@ 7nT

Location: GT-1

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022
Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-1

Depth: 17.0' - 19.0'

Material Description: light brown poorly graded SAND
Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Sample Number: S7

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
349.10 13.95 0.00 #10 0.00 100.0 0.0
107.70 0.00 0.00 #20 0.00 100.0 0.0
#40 3.31 96.9 31
#60 70.00 35.0 65.0
#100 104.91 2.6 97.4
#140 106.54 11 98.9
#200 106.96 0.7 99.3
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 31 96.2 99.3 0.7
D5 D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dos
0.1638 | 0.1838 | 0.1996 | 0.2136 | 0.2385 | 0.2611 | 0.2831 | 0.3057 | 0.3581 | 0.3741 | 0.3925 | 0.4147
Modutus| Cu | Cc
141 1.66 1.01

TNT




Particle Size Distribution Report
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Location: GT-1

Date: 4/8/22

Depth: 23.0'- 25.0'

@ 7nT

Sample Number: S-10

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-1

Depth: 23.0' - 25.0' Sample Number: S-10

Material Description: brown poorly graded SAND

Date: 4/8/22 PL: NP LL: NV Pl: NP
USCS Classification: SP AASHTO Classification: A-3

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

358.92 15.85 0.00 #10 0.00 100.0 0.0

101.67 0.00 0.00 #20 0.00 100.0 0.0

#40 1.92 98.1 1.9

#60 57.30 43.6 56.4

#100 94.44 7.1 929

#200 97.90 3.7 96.3

elerTestdata . |

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =101.67
Hygroscopic moisture correction:
Moist weight and tare = 127.28
Dry weight and tare =  127.24
Tare weight = 30.81
Hygroscopic moisture = 0.0%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 8.0 33 0.0134 8.0 15.0 0.0518 3.3 96.7
2.00 21.6 7.0 2.3 0.0134 7.0 15.1 0.0368 2.3 97.7
5.00 21.6 7.0 2.3 0.0134 7.0 151 0.0233 23 97.7
15.00 21.6 7.0 2.3 0.0134 7.0 15.1 0.0134 2.3 97.7
30.00 21.6 7.0 2.3 0.0134 7.0 151 0.0095 2.3 97.7
60.00 21.6 6.5 18 0.0134 6.5 15.2 0.0067 18 98.2
120.00 21.6 6.0 13 0.0134 6.0 15.3 0.0048 13 98.7
250.00 215 6.0 13 0.0134 6.0 15.3 0.0033 13 98.7
1440.00 21.6 6.0 13 0.0134 6.0 15.3 0.0014 13 98.7

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 1.9 94.4 96.3 2.4 1.3 3.7
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.1062 | 0.1611 | 0.1771 | 0.1913 | 0.2171 | 0.2414 | 0.2650 | 0.2892 | 0.3452 | 0.3625 | 0.3823 | 0.4062

Fineness
Modulus

1.29 1.80 1.01
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Particle Size Distribution Report
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E

Location: GT-1

Date: 4/8/22

Depth: 25.0' - 27.0'

@ 7nT

Sample Number: S-11

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-1

Depth: 25.0' - 27.0' Sample Number: S-11
Material Description: brown poorly graded SAND with silt (visua)
Date: 4/8/22

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

373.94 14.57 0.00 #10 0.00 100.0 0.0

101.17 0.00 0.00 #20 0.00 100.0 0.0

#40 2.00 98.0 20

#60 54.84 45.8 54.2

#100 89.58 115 88.5

#200 94.72 6.4 93.6

Hydrometer TestData |

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =101.17
Hygroscopic moisture correction:
Moist weight and tare = 128.28
Dry weight and tare =  128.23
Tare weight = 29.73
Hygroscopic moisture = 0.1%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C =-5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 10.0 53 0.0134 10.0 14.7 0.0512 5.3 94.7
2.00 21.6 9.0 4.3 0.0134 9.0 14.8 0.0364 4.3 95.7
5.00 21.6 8.0 33 0.0134 8.0 15.0 0.0232 33 96.7
15.00 21.6 7.5 2.8 0.0134 7.5 15.1 0.0134 2.8 97.2
30.00 21.6 7.0 2.3 0.0134 7.0 151 0.0095 2.3 97.7
60.00 21.6 7.0 2.3 0.0134 7.0 15.1 0.0067 2.3 97.7
120.00 21.6 6.0 13 0.0134 6.0 15.3 0.0048 13 98.7
250.00 215 6.0 13 0.0134 6.0 15.3 0.0033 13 98.7
1440.00 21.6 55 0.8 0.0134 55 154 0.0014 0.8 99.2

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 2.0 91.6 93.6 5.0 14 6.4
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.0477 | 0.1288 | 0.1640 | 0.1806 | 0.2093 | 0.2354 | 0.2605 | 0.2856 | 0.3433 | 0.3611 | 0.3814 | 0.4061

Fineness
Modulus

1.24 2.22 1.19
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Particle Size Distribution Report
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(no specification provided)

E

Location: GT-1

Date: 4/8/22

Depth: 25.0' - 35.0'

@ 7nT

Sample Number: Bucket

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-1

Depth: 25.0' - 35.0' Sample Number: Bucket

Material Description: brown poorly graded SAND

Date: 4/8/22 PL: NP LL: NV Pl: NP
USCS Classification: SP AASHTO Classification: A-3

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

546.25 13.81 0.00 #10 0.00 100.0 0.0

100.62 0.00 0.00 #20 0.01 100.0 0.0

#40 2.34 97.7 23

#60 56.86 435 56.5

#100 95.42 5.2 94.8

#200 98.56 2.0 98.0

elerTestdata . |

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =100.62
Hygroscopic moisture correction:
Moist weight and tare = 121.46
Dry weight and tare = 121.41
Tare weight = 31.02
Hygroscopic moisture = 0.1%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 6.0 13 0.0134 6.0 15.3 0.0523 13 98.7
2.00 21.6 6.0 13 0.0134 6.0 15.3 0.0370 13 98.7
5.00 21.6 6.0 13 0.0134 6.0 15.3 0.0234 13 98.7
15.00 21.6 6.0 13 0.0134 6.0 15.3 0.0135 13 98.7
30.00 21.6 6.0 13 0.0134 6.0 15.3 0.0096 13 98.7
60.00 21.6 6.0 13 0.0134 6.0 15.3 0.0068 13 98.7
120.00 21.6 55 0.8 0.0134 55 154 0.0048 0.8 99.2
250.00 215 55 0.8 0.0134 55 15.4 0.0033 0.8 99.2
1440.00 21.6 55 0.8 0.0134 55 154 0.0014 0.8 99.2

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 2.3 95.7 98.0 11 0.9 2.0
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.1459 | 0.1667 | 0.1810 | 0.1941 | 0.2185 | 0.2419 | 0.2652 | 0.2893 | 0.3458 | 0.3634 | 0.3837 | 0.4084

Fineness
Modulus

1.32 174 0.99
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Particle Size Distribution Report
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(no specification provided)

E

Date: 4/8/22

Depth: 6.0'- 8.0

Sample Number: S-4
@ 7nT

Location: GT-2

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 6.0'- 8.0° Sample Number: S-4

Material Description: brown sandy lean CLAY

Date: 4/8/22 PL: 13 LL: 34 PI: 21
USCS Classification: CL AASHTO Classification: A-6(11)

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

255.42 15.86 0.00 0.75 0.00 100.0 0.0

0.5 8.58 96.4 3.6

0.375 8.58 96.4 36

#4 10.83 95.5 45

#10 12.33 94.9 51

51.33 0.00 0.00 #20 0.62 93.7 6.3

#40 1.88 91.4 8.6

#60 5.93 83.9 16.1

#100 11.05 74.4 25.6

#200 15.39 66.4 33.6

- HydometerfestData_______________________

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 94.9
Weight of hydrometer sample =51.33
Hygroscopic moisture correction:
Moist weight and tare = 53.29
Dry weight and tare = 52.99
Tare weight = 32.34
Hygroscopic moisture = 1.5%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent
Time (min.) (deg.C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 38.0 33.3 0.0134 38.0 10.1 0.0424 62.5 375
2.00 21.6 37.0 32.3 0.0134 370 10.2 0.0303 60.6 394
5.00 21.6 36.0 31.3 0.0134 36.0 10.4 0.0193 58.7 41.3
15.00 21.6 34.0 29.3 0.0134 340 10.7 0.0113 55.0 45.0
30.00 21.6 32.0 273 0.0134 320 11.0 0.0081 51.2 48.8
60.00 21.6 30.0 253 0.0134 300 114 0.0058 475 52.5
120.00 21.6 28.0 233 0.0134 28.0 11.7 0.0042 43.7 56.3
250.00 215 255 20.8 0.0134 255 12.1 0.0029 39.0 61.0

TNT




Hydrometer Test Data (continued)

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent
Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1440.00 21.7 20.5 15.8 0.0134 20.5 12.9 0.0013 29.7 70.3
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 45 45 0.6 35 25.0 29.1 20.6 45.8 66.4
D5 D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dgs
0.0013 | 0.0032 | 0.0073 | 0.0265 | 0.2035 | 0.2660 | 0.3720 | 2.5333
Fineness
Modulus
0.64

INT




Particle Size Distribution Report
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(no specification provided)

E

Date: 4/1/22

Depth: 14.0'- 16.0¢

Sample Number: S-6
@ 7nT

Location: GT-2

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022
Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 14.0' - 16.0'

Material Description: light brown poorly graded SAND
Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Sample Number: S-6

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
326.54 13.92 0.00 #10 0.00 100.0 0.0
101.14 0.00 0.00 #20 0.00 100.0 0.0
#40 0.02 100.0 0.0
#60 9.54 90.6 94
#100 92.58 85 91.5
#140 98.80 2.3 97.7
#200 99.74 14 98.6
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 0.0 98.6 98.6 14
D5 D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dos
0.1280 | 0.1524 | 0.1590 | 0.1649 | 0.1755 | 0.1856 | 0.1957 | 0.2064 | 0.2315 | 0.2395 | 0.2488 | 0.3042
Modutus| Cu | Cc
0.97 1.35 0.98

TNT




Particle Size Distribution Report
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Sample Number: S-8

Location: GT-2




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 21.0' - 23.0' Sample Number: S-8
Material Description: light brown poorly graded SAND with silt (visua)
Date: 4/1/22

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
346.81 13.76 0.00 0.375 0.00 100.0 0.0
#4 0.24 99.9 0.1
#10 0.24 99.9 0.1
108.93 0.00 0.00 #20 0.17 99.8 0.2
#40 0.59 99.4 0.6
#60 11.40 89.5 105
#100 82.08 24.6 754
#140 98.96 9.1 90.9
#200 103.38 51 94.9
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.1 0.1 0.0 05 94.3 94.8 51
Ds D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dos
0.1112 | 0.1305 | 0.1419 | 0.1580 | 0.1712 | 0.1840 | 0.1972 | 0.2286 | 0.2389 | 0.2551 | 0.3180

Fineness
Modulus

0.82 177 114

TNT




Particle Size Distribution Report
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(no specification provided)
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Location: GT-2

Date: 4/1/22

Depth: 27.0'- 29.0'

@ 7nT

Sample Number: S-11

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022
Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 27.0' - 29.0'

Material Description: light brown poorly graded SAND
Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Sample Number: S-11

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
341.48 15.77 0.00 #10 0.00 100.0 0.0
102.82 0.00 0.00 #20 0.01 100.0 0.0
#40 3.93 96.2 3.8
#60 68.45 334 66.6
#100 98.88 3.8 96.2
#140 100.62 21 97.9
#200 101.24 15 98.5
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 3.8 94.7 98.5 15
D5 D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dos
0.1585 | 0.1829 | 0.2007 | 0.2159 | 0.2419 | 0.2649 | 0.2869 | 0.3096 | 0.3619 | 0.3780 | 0.3964 | 0.4188
Modutus| Cu | Cc
142 1.69 1.03

TNT




Particle Size Distribution Report
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(no specification provided)

E

Location: GT-2

Date: 4/8/22

Depth: 30.0' - 40.0°

@ 7nT

Sample Number: Bucket

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 30.0' - 40.0' Sample Number: Bucket

Material Description: brown poorly graded SAND

Date: 4/8/22 PL: NP LL: NV Pl: NP
USCS Classification: SP AASHTO Classification: A-3

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

536.09 13.76 0.00 #10 0.00 100.0 0.0

101.19 0.00 0.00 #20 0.01 100.0 0.0

#40 1.60 98.4 1.6

#60 53.23 474 52.6

#100 96.26 4.9 95.1

#200 99.69 15 98.5

elerTestdata . |

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =101.19
Hygroscopic moisture correction:
Moist weight and tare = 124.78
Dry weight and tare = 124.72
Tare weight = 32.55
Hygroscopic moisture = 0.1%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 6.0 13 0.0134 6.0 15.3 0.0523 13 98.7
2.00 21.6 6.0 13 0.0134 6.0 15.3 0.0370 13 98.7
5.00 21.6 6.0 13 0.0134 6.0 15.3 0.0234 13 98.7
15.00 21.6 6.0 13 0.0134 6.0 15.3 0.0135 13 98.7
30.00 21.6 6.0 13 0.0134 6.0 15.3 0.0096 13 98.7
60.00 21.6 6.0 13 0.0134 6.0 15.3 0.0068 13 98.7
120.00 21.6 6.0 13 0.0134 6.0 15.3 0.0048 13 98.7
250.00 215 55 0.8 0.0134 55 15.4 0.0033 0.8 99.2
1440.00 21.6 55 0.8 0.0134 55 154 0.0014 0.8 99.2

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 1.6 96.9 98.5 0.2 1.3 15
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.1504 | 0.1650 | 0.1775 | 0.1891 | 0.2113 | 0.2334 | 0.2560 | 0.2800 | 0.3375 | 0.3556 | 0.3766 | 0.4023

Fineness
Modulus

1.28 1.70 0.97
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Particle Size Distribution Report
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(no specification provided)

Location: GT-2

Date: 4/8/22

Depth: 33.0' - 35.0'

@ 7nT

Sample Number: S-14

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-2

Depth: 33.0' - 35.0' Sample Number: S-14

Material Description: brown poorly graded SAND

Date: 4/8/22 PL: NP LL: NV Pl: NP
USCS Classification: SP AASHTO Classification: A-3

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

366.99 13.80 0.00 #4 0.00 100.0 0.0

#10 0.03 100.0 0.0

101.75 0.00 0.00 #20 0.00 100.0 0.0

#40 1.07 98.9 11

#60 54.36 46.6 534

#100 94.90 6.7 93.3

#200 98.03 37 96.3

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 100.0
Weight of hydrometer sample =101.75
Hygroscopic moisture correction:
Moist weight and tare = 124.21
Dry weight and tare = 124.17
Tare weight = 30.44
Hygroscopic moisture = 0.0%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C =-5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg. C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 7.0 2.3 0.0134 7.0 15.1 0.0521 2.3 97.7
2.00 21.6 7.0 23 0.0134 7.0 151 0.0368 2.3 97.7
5.00 21.6 7.0 2.3 0.0134 7.0 15.1 0.0233 2.3 97.7
15.00 21.6 6.5 18 0.0134 6.5 15.2 0.0135 18 98.2
30.00 21.6 6.0 13 0.0134 6.0 15.3 0.0096 13 98.7
60.00 21.6 6.0 13 0.0134 6.0 15.3 0.0068 13 98.7
120.00 21.6 6.0 13 0.0134 6.0 15.3 0.0048 13 98.7
250.00 215 55 0.8 0.0134 55 154 0.0033 0.8 99.2
1440.00 21.6 55 0.8 0.0134 55 154 0.0014 0.8 99.2

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 11 95.2 96.3 2.4 1.3 3.7
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.1032 | 0.1611 | 0.1753 | 0.1881 | 0.2119 | 0.2349 | 0.2580 | 0.2820 | 0.3383 | 0.3558 | 0.3759 | 0.4002

Fineness
Modulus

1.27 175 0.99
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Particle Size Distribution Report
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(no specification provided)

E

Date: 4/8/22

Depth: 4.0'- 6.0

Sample Number: S-3
@ 7nT

Location: GT-3

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-3

Depth: 4.0'- 6.0° Sample Number: S-3

Material Description: brown sandy lean CLAY

Date: 4/8/22 PL: 12 LL: 31 PI: 19
USCS Classification: CL AASHTO Classification: A-6(9)

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

306.07 13.67 0.00 0.375 0.00 100.0 0.0

#4 1.00 99.7 0.3

#10 4.35 98.5 15

51.40 0.00 0.00 #20 0.78 97.0 3.0

#40 2.32 94.1 5.9

#60 6.76 85.6 14.4

#100 12.44 4.7 25.3

#200 17.52 64.9 35.1

erTéstbate

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 98.5
Weight of hydrometer sample =51.40
Hygroscopic moisture correction:
Moist weight and tare = 52.44
Dry weight and tare = 52.11
Tare weight = 29.80
Hygroscopic moisture = 1.5%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg.C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 37.0 32.3 0.0134 370 10.2 0.0428 62.8 37.2
2.00 21.6 35.0 30.3 0.0134  35.0 10.6 0.0307 59.0 41.0
5.00 21.6 34.0 29.3 0.0134 340 10.7 0.0196 57.0 43.0
15.00 21.6 320 273 0.0134 320 11.0 0.0115 531 46.9
30.00 21.6 30.0 253 0.0134 30.0 114 0.0082 49.2 50.8
60.00 21.6 28.0 233 0.0134 28.0 11.7 0.0059 45.3 54.7
120.00 21.6 26.0 21.3 0.0134  26.0 12.0 0.0042 41.5 58.5
250.00 215 23.0 18.3 0.0134 230 125 0.0030 35.6 64.4
1440.00 21.7 19.0 14.3 0.0134 19.0 13.2 0.0013 27.9 721

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.3 0.3 1.2 4.4 29.2 34.8 21.3 43.6 64.9
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.0018 | 0.0039 | 0.0088 | 0.0338 | 0.1927 | 0.2433 | 0.3167 | 0.4716
Fineness
Modulus
0.44

INT




Particle Size Distribution Report

PERCENT COARSER
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(no specification provided)

Location: GT-3

Date: 4/8/22

Depth: 6.0-8.0

Sample Number: S-4 (Bottom)

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:

@ 7nT




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-3

Depth: 6.0-8.0' Sample Number: S-4 (Bottom)
Material Description: gray sility, sandy CLAY with gravel (visual)
Date: 4/8/22

Testing Remarks: Lab No.: 167
*Sample Size is not representative

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
227.61 13.89 0.00 1.0 0.00 100.0 0.0
0.75 22.02 89.7 10.3
0.5 47.24 77.9 22.1
0.375 63.22 70.4 29.6
#4 87.07 59.3 40.7
#10 109.65 48.7 51.3
98.87 0.00 0.00 #20 27.15 35.3 64.7
#40 45.01 26.5 73.5
#60 53.52 22.3 7.7
#100 58.50 19.9 80.1
#140 60.94 18.7 813
#200 63.23 17.6 824
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 10.3 30.4 40.7 10.6 22.2 8.9 417 17.6
Ds D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dgo Dgs
0.1546 | 05785 | 1.1442 | 2.1989 | 5.0514 | 13.7169 | 16.3765 | 19.2252 | 22.1822

Fineness
Modulus

4.15

TNT




Particle Size Distribution Report

PERCENT COARSER
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0.001
Clay

File

3.2
PI
Date: 4/1/22

% Fines

0.01

Silt
Limits
Coefficients

0.5025
0.2500

253

Classification
AASHTO
Remarks

u=

Atterber
LL

Material Description

0.1
Fine
73.0
light brown poorly graded SAND
SP

PL
USCS
Lab No.: 167
House Street RAP - House Street, Michigan
L193-MlI

% Sand

Medium

GZA

20.0

GRAIN SIZE - mm.

Client:
Project:
Project No:

Coarse
2.7
NO)

PASS?
(x

Fine
1.1

% Gravel
SPEC.*
PERCENT
Depth: 19.0'- 21.0¢

Coarse
0.0

100
PERCENT
FINER

0.0

(no specification provided)

% +3"
SIEVE
SIZE
*

Sample Number: S-7

Location: GT-3




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan

Project Number: L193-MI

Location: GT-3

Depth: 19.0' - 21.0' Sample Number: S7
Material Description: light brown poorly graded SAND

Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
365.90 13.70 0.00 0.375 0.00 100.0 0.0
#4 3.86 98.9 11
#10 13.54 96.2 38
102.83 0.00 0.00 #20 4.73 91.7 8.3
#40 21.35 76.2 23.8
#60 70.76 30.0 70.0
#100 90.42 11.6 88.4
#140 97.03 54 94.6
#200 99.37 3.2 96.8
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 11 11 2.7 20.0 73.0 95.7 3.2
Ds D10 D15 D20 D30 Dao Dso Deo Dgo Dgs Dao Dos
0.1021 | 0.1385 | 0.1761 | 0.2072 | 0.2500 | 0.2832 | 0.3153 | 0.3501 | 0.4518 | 0.5025 | 0.6124 | 1.6400

Fineness
Modulus

1.65 2.53 1.29

TNT




Particle Size Distribution Report

PERCENT COARSER
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(no specification provided)
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Location: GT-3

Date: 4/1/22

Depth: 34.0' - 36.0'

@ 7nT

Sample Number: S-10

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan

Project Number: L193-MI

Location: GT-3

Depth: 34.0' - 36.0' Sample Number: S-10
Material Description: light brown poorly graded SAND

Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
368.70 13.91 0.00 #4 0.00 100.0 0.0
#10 0.73 99.8 0.2
106.10 0.00 0.00 #20 401 96.0 4.0
#40 28.93 72.6 274
#60 79.62 24.9 75.1
#100 100.80 5.0 95.0
#140 103.00 2.9 97.1
#200 103.77 2.2 97.8
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.2 27.2 70.4 97.8 2.2
Ds D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dao Dos
0.1502 | 0.1878 | 0.2124 | 0.2326 | 0.2666 | 0.2979 | 0.3304 | 0.3668 | 0.4755 | 0.5247 | 0.6020 | 0.7753

Fineness
Modulus

1.66 1.95 1.03

TNT




Particle Size Distribution Report
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(no specification provided)

E

Date: 4/8/22

Depth: 0.0'- 2.0

Sample Number: S-1
@ 7nT

Location: GT-4

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/8/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-4

Depth: 0.0'- 2.0' Sample Number: S-1

Material Description: brown sandy lean CLAY

Date: 4/8/22 PL: 12 LL: 27 PI: 15
USCS Classification: CL AASHTO Classification: A-6(4)

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight

and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained

281.12 13.72 0.00 0.375 0.00 100.0 0.0

#4 2.00 99.3 0.7

#10 2.86 98.9 11

51.55 0.00 0.00 #20 0.38 98.2 18

#40 2.18 94.7 5.3

#60 9.65 80.4 19.6

#100 18.26 63.9 36.1

#200 25.15 50.7 49.3

erTéstbate

Hydrometer test uses material passing #10
Percent passing #10 based upon complete sample = 98.9
Weight of hydrometer sample =51.55
Hygroscopic moisture correction:
Moist weight and tare = 52.37
Dry weight and tare = 52.10
Tare weight = 3155
Hygroscopic moisture = 1.3%
Automatic temperature correction
Composite correction (fluid density and meniscus height) at 20 deg. C = -5.0
Meniscus correction only = 0.0
Specific gravity of solids = 2.65
Hydrometer type = 152H
Hydrometer effective depth equation: L = 16.294964 - 0.164 x Rm

Elapsed Temp. Actual Corrected Eff. Diameter Percent Percent

Time (min.) (deg.C.) Reading Reading K Rm Depth (mm.) Finer Retained
1.00 21.6 28.0 233 0.0134 280 117 0.0458 453 54.7
2.00 21.6 27.0 223 0.0134 270 11.9 0.0326 434 56.6
5.00 21.6 26.0 21.3 0.0134  26.0 12.0 0.0208 41.4 58.6
15.00 21.6 24.0 19.3 0.0134 240 12.4 0.0121 37.6 62.4
30.00 21.6 23.0 18.3 0.0134 23.0 125 0.0086 35.6 64.4
60.00 21.6 220 17.3 0.0134 220 12.7 0.0062 33.7 66.3
120.00 21.6 20.0 15.3 0.0134  20.0 13.0 0.0044 29.8 70.2
250.00 215 19.0 14.3 0.0134 190 13.2 0.0031 27.8 72.2
1440.00 21.7 16.0 11.3 0.0134 16.0 13.7 0.0013 220 78.0

TNT




Fractional Components

Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.7 0.7 0.4 4.2 44.0 48.6 19.5 31.2 50.7
D5 D10 D15 D2o D30 Do Dsg D60 Dso Dgs Doo Dos
0.0045 | 0.0168 | 0.0713 | 0.1286 | 0.2470 | 0.2879 | 0.3421 | 0.4413
Fineness
Modulus
0.56

INT




Particle Size Distribution Report

PERCENT COARSER
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GRAIN SIZE - mm.

% Fines

Clay

Silt

9.2

% Sand

Medium

Fine
13.1

34.6

Material Description
brown well graded SAND with silt and gravel (visual)

Pl=

Limits

Atterber
LL

PL=

= 2.7600
0.2581
117

60~
157

D
D
CC=

14.7264
0.5517

Coefficients

AASHTO=

Classification
Remarks

USCS=

Lab No.: 167

Coarse

9.3

% Gravel

Coarse

Fine
258

PASS?
(x

=NO)

8.0

SPEC.”

PERCENT

% +3"

0.0

PERCENT

FINER
100.0
92.0

81.6
76.8

66.2
56.9

14.8

12.0

10.5

9.2

SIEVE

SIZE

1.00
0.75

0.50
0.375
#4
#10

#20
#40

#100
#140

#200

(no specification provided)

E

Date: 4/1/22

Depth: 8.0'- 10.0

Sample Number: S5
@ 7nT

Location: GT-4

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-4

Depth: 8.0' - 10.0¢ Sample Number: S5
Material Description: brown well graded SAND with silt and gravel (visual)
Date: 4/1/22

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
305.57 0.00 0.00 1.00 0.00 100.0 0.0
0.75 24.31 92.0 8.0
0.50 56.27 81.6 184
0.375 70.80 76.8 23.2
#4 103.18 66.2 33.8
#10 131.60 56.9 431
133.39 0.00 0.00 #20 30.62 439 56.1
#40 81.05 22.3 7.7
#60 98.82 14.8 85.2
#100 105.16 12.0 88.0
#140 108.84 105 89.5
#200 111.95 9.2 90.8
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 8.0 258 338 9.3 34.6 131 57.0 9.2
Dg D10 D15 D20 D30 Dao Dso D60 Dgo Dgs Dao Dos
0.0942 | 0.2581 | 0.3817 | 0.5517 | 0.7458 | 1.1236 | 2.7600 | 11.6696 | 14.7264 | 17.7149 | 21.1811

Fineness
Modulus

3.94 29.30 117

TNT




Particle Size Distribution Report
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(no specification provided)

Location: GT-4

Date: 4/1/22

Depth: 19.0'- 21.0¢

@ 7nT

Sample Number: S-7

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan

Project Number: L193-MI

Location: GT-4

Depth: 19.0' - 21.0' Sample Number: S7
Material Description: light brown poorly graded SAND

Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
354.08 13.76 0.00 #4 0.00 100.0 0.0
#10 0.02 100.0 0.0
102.83 0.00 0.00 #20 0.01 100.0 0.0
#40 0.82 99.2 0.8
#60 37.91 63.1 36.9
#100 80.30 219 78.1
#140 95.97 6.7 93.3
#200 100.93 18 98.2
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 0.8 97.4 98.2 18
Ds D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dao Dos
0.0983 | 0.1180 | 0.1326 | 0.1454 | 0.1686 | 0.1913 | 0.2151 | 0.2412 | 0.3066 | 0.3281 | 0.3536 | 0.3861

Fineness
Modulus

1.00 2.04 1.00

TNT




Particle Size Distribution Report
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(no specification provided)

E3

Date: 4/1/22

Depth: 2.0'- 4.0

Sample Number: S-2
@ 7nT

Location: GT-5

GZA

Client:

House Street RAP - House Street, Michigan

Project:

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan
Project Number: L193-MI

Location: GT-5

Depth: 2.0'- 4.0' Sample Number: S-2
Material Description: light brown poorly graded SAND with silt
Date: 4/1/22

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
379.46 15.82 0.00 0.50 0.00 100.0 0.0
0.375 2.94 99.2 0.8
#4 10.71 97.1 2.9
#10 19.53 94.6 54
106.44 0.00 0.00 #20 3.73 91.3 8.7
#40 12.53 83.5 16.5
#60 51.00 49.3 50.7
#100 94.09 11.0 89.0
#140 98.81 6.8 93.2
#200 100.81 5.0 95.0
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 2.9 2.9 25 111 78.5 92.1 5.0
Dg D1o D15 D20 P30 Dao Dso Deo Dgo Dgs Doo Dos
0.1459 | 0.1631 | 0.1764 | 0.2005 | 0.2249 | 0.2521 | 0.2851 | 0.3915 | 0.4437 | 0.5624 | 2.1981

Fineness
Modulus

151 1.95 0.97

TNT




Particle Size Distribution Report
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Date: 4/1/22

PI
D
C

4.8

% Fines

0.01

Limits
AASHTO

0.2278
0.1652

Silt

Coefficients
Remarks

Classification

LL

Atterber

Material Description

0.1
Fine
95.2
SP

(0)%
oc#

light brown poorly graded SAND

USCS
Lab No.: 167

PL

% Sand

GZA
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GRAIN SIZE - mm.

Client:

House Street RAP - House Street, Michigan

Project:

Coarse
0.0
NO)

PASS?
(x

Fine
0.0

% Gravel
SPEC.*
PERCENT
Depth: 29.0'- 31.0¢

Coarse
0.0

100
PERCENT
FINER

0.0

(no specification provided)
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Sample Number: S-9

Location: GT-6

@ 7nT

File

L193-MlI

Project No:




GRAIN SIZE DISTRIBUTION TEST DATA 4/1/2022

Client: GZA

Project: House Street RAP - House Street, Michigan

Project Number: L193-MI

Location: GT-6

Depth: 29.0' - 31.0' Sample Number: S-9
Material Description: light brown poorly graded SAND

Date: 4/1/22

USCS Classification: SP

Testing Remarks: Lab No.: 167

Sieve Test Data

Dry Cumulative Cumulative
Sample Pan Sieve Weight
and Tare Tare Tare Weight Opening Retained Percent Percent
(grams) (grams) (grams) Size (grams) Finer Retained
361.39 13.58 0.00 #4 0.00 100.0 0.0
#10 0.00 100.0 0.0
101.96 0.00 0.00 #20 0.00 100.0 0.0
#40 0.01 100.0 0.0
#60 3.07 97.0 3.0
#100 83.87 17.7 82.3
#140 94.90 6.9 93.1
#200 97.10 4.8 95.2
Cobbles Gravel Sand Fines
Coarse Fine Total Coarse | Medium Fine Total Silt Clay Total
0.0 0.0 0.0 0.0 0.0 0.0 95.2 95.2 4.8
Ds D10 D15 D20 D30 D4o Dsg Deo Dgo Dgs Dao Dos
0.0770 | 0.1209 | 0.1404 | 0.1532 | 0.1652 | 0.1758 | 0.1861 | 0.1967 | 0.2206 | 0.2278 | 0.2359 | 0.2455

Fineness
Modulus

0.84 1.63 115

TNT




LIQUID AND PLASTIC LIMITS TEST REPORT

Project: House Street RAP - House Street, Michigan

®| ocation: GT-1 Depth: 6.0'- 8.0’ Sample Number: S-4

B ocation: GT-1 Depth: 17.0'- 19.0¢ Sample Number: S-7
A\ ocation: GT-1 Depth: 23.0'- 25.0¢ Sample Number: S-10
®Location: GT-1 Depth: 25.0'- 35.0¢ Sample Number: Bucket
Viocation: GT-2 Depth: 2.0'- 4.0 Sample Number: S-2

7NT

File

60 ~ 7
Dashed line indicates the approximate
upper limit boundary for natural soils ‘
50—— 7 - O\>\ /
P Q\o‘
/ C) /
a0}— - /
x /!
L Ve
o /
P s
é 30— £ L/
i~ P
[7p) ,/
<C /
i /// \/
v KO
20— - o) /
/// C}\/ /
10 /
LL58) MEor C MH or OH
|
0 1
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCS
o light brown poorly graded SAND NV NP NP 99.9 22 SP
[ light brown poorly graded SAND NV NP NP 96.9 0.7 SP
A brown poorly graded SAND NV NP NP 98.1 3.7 SP
L 4 brown poorly graded SAND NV NP NP 97.7 20 SP
\{ brown lean CLAY (visual) 33 12 21
Project No. L193-MI Client: GZA Remarks:
VLab No.: 167




LIQUID AND PLASTIC LIMITS TEST REPORT

@ 7NT

File

60 W /
Dashed line indicates the approximate
upper limit boundary for natural soils ‘
50—— O\>\ /
P Q\o‘
@) /
40— > /
>< /7
L
a
P /
é 30— £ L/
i~ P
7] ya
<C /
i /// \/
4 1O
20— - o) /
/// v C}\/ /
10 /
LL58) MEor C MH or OH
|
0 1
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCS
o brown sandy lean CLAY 34 13 21 914 66.4 CL
[ brown poorly graded SAND NV NP NP 98.4 15 SP
A brown poorly graded SAND NV NP NP 98.9 3.7 SP
L 4 brown lean CLAY (visual) 34 12 22
\{ brown sandy lean CLAY 31 12 19 94.1 64.9 CL
Project No. L193-MI Client: GZA Remarks:
Project: House Street RAP - House Street, Michigan ®Lab No.: 167
@LabNo.: 167
) VLab No.: 167
®| ocation: GT-2 Depth: 6.0'- 8.0’ Sample Number: S-4
B ocation: GT-2 Depth: 30.0'- 40.0¢ Sample Number: Bucket
A\ ocation: GT-2 Depth: 33.0'- 35.0¢ Sample Number: S-14
®Location: GT-3 Depth: 2.0'- 4.0 Sample Number: S-2
Viocation: GT-3 Depth: 4.0'- 6.0 Sample Number: S-3




LIQUID AND PLASTIC LIMITS TEST REPORT

60 = 7
Dashed line indicates the approximate L/
upper limit boundary for natural soils ‘

50— / .S /

// C) /
40— /

PLASTICITY INDEX
w
=}
N

10 A /

L5 ME or OL MH or OH
|
0 1
0 10 20 30 40 50 60 70 80 90 100 110
LIQUID LIMIT
MATERIAL DESCRIPTION LL PL Pl %<#40 %<#200 USCS
o brown lean CLAY (visual) 27 12 15
[ brown sandy lean CLAY 27 12 15 94.7 50.7 CL
A brown lean CLAY (visual) 37 13 24
L 4 brown fat CLAY (visual) 52 17 35
\{ brown lean CLAY (visual) 34 12 22
Project No. L193-MI Client: GZA Remarks:
Project: House Street RAP - House Street, Michigan ®Lab No.: 167
Top 7" of Sample

_ B_ab No.: 167
®| ocation: GT-3 Depth: 6.0'- 8.0 Sample Number: S-4 (Top) ALab No.: 167
B ocation: GT-4 Depth: 0.0'- 2.0’ Sample Number: S-1 @Lab No.: 167
A\ ocation: GT-4 Depth: 4.0 - 6.0 Sample Number: S-3 VLab No.: 167
®Location: GT-5 Depth: 24.0' - 26.0¢ Sample Number: S-8
Viocation: GT-6 Depth: 4.0' - 6.0' Sample Number: S-3

Q File




7NT

ASTM D2216 - Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass

Client: GZA

Project: House Street RAP - House Street, Michigan

Lab No.: 167
Project No.: L193-MlI
Date: 4/8/2022

I\El;uorgggr SSEEE Depth (ft) Depth (m) C(l\)/l:tlesrtll:r(;) Comments
GT-1 S-4 6.0-8.0 1.8-2.4 7.9
GT-1 S-7 17.0-19.0 5.2-58 6.2
GT-1 S-10 23.0-25.0 7.0-7.6 3.4
GT-1 S-11 25.0-27.0 7.6-82 15.2
GT-2 S-2 2.0-4.0 0.6-1.2 14.5
GT-2 S-4 6.0 - 8.0 1.8-24 12.0
GT-2 S-6 14.0 - 16.0 4.3-49 4.0
GT-2 S-8 21.0-23.0 6.4-7.0 2.8
GT-2 S-11 27.0-29.0 8.2-8.8 1.9
GT-2 S-14 33.0-35.0 10.1 - 10.7 19.3
GT-3 S-2 2.0-4.0 0.6-1.2 17.1
GT-3 S-3 4.0-6.0 1.2-1.8 16.9
GT-4 S-1 0.0-2.0 0.0-0.6 13.7
GT-4 S-3 40-6.0 1.2-1.8 16.6
GT-5 S-8 24.0 - 26.0 7.3-7.9 24.7
GT-6 S-3 4.0-6.0 1.2-1.8 19.7




ATTACHMENT B
CONSTRUCTION QUALITY ASSURANCE AND QUALITY CONTROL PLAN
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ACRONYMS
ASTM American Society for Testing and materials
CQA Construction Quality Assurance
CQAP Construction Quality Assurance And Quality Control Plan
cy Cubic Yards
EGLE Michigan Department of Environment, Great Lakes and Energy
FE Field Engineer/Technician
HSP House Street Property, also referred to as Site
LLDPE Linear Low-Density Polyethylene
LM Laboratory Manager
MDOT Michigan Department of Transportation
mph Miles Per Hour
PIC Principal-In-Charge
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psi pounds per square inch
QA Quality Assurance
QA/QC Quiality Assurance/Quality Control
RAP Remedial Action Plan
R&W/GZA Rose & Westra, a Division of GZA GeoEnvironmental, Inc.
USACOE United States Army Corps of Engineers
USEPA United States Environmental Protection Agency
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1.0 INTRODUCTION

This Construction Quality Assurance (CQA) Plan has been prepared for the House Street Property (HSP) Cap final
remedy construction estimated to be completed from 2023 through 2026 . The plan presents the CQA Program,
which has been developed and will be implemented under the direction of a CQA Officer who is a registered
professional engineer. This CQA Plan presents the staffing organization for monitoring construction of this project,
the reporting chain-of-command, and the project and experience requirements of individuals. The plan also
addresses the CQA requirements for each material/component in the cap or final cover system design planned as
the final remedy. Testing and sampling frequency, test methods (field and laboratory), equipment calibration
standards, and criteria for satisfactory test performance are discussed.

2.0 STAFF ORGANIZATION

This section describes the CQA staff organization and reporting procedures for monitoring the final remedy
construction of the HSP Cap. The responsibilities and typical experience backgrounds of the CQA staff are described
below.

2.1 PRINCIPAL-IN-CHARGE (PIC)

The Principal-in-Charge, also referred to generically as the Engineer in this document, is responsible for technical
and administrative aspects of the construction monitoring program. The PIC reviews work done by the project
manager and consults with the project manager regularly. This individual must be experienced in capping and
remedial action engineering projects. The PIC is required to be a civil engineer with over 20 years of experience
and hold a license to practice engineering in the State of Michigan.

2.2 PROJECT MANAGER (PM)

The Project Manager manages the day-to-day technical and administrative aspects of the project and reports
directly to the PIC. The PM directly supervises the field (QA/QC) testing and sampling, coordinates the sub-
consultant activities (if any) and monitors the laboratory testing. The PM is also the primary contact with the Owner,
Contractor, and the State of Michigan, Department of Environment, Great Lakes, and Energy (EGLE). The PM
performs in-house quality control for the CQA staff by reviewing the technical issues presented in reports and
designs and recommendations presented in correspondence. This individual must have demonstrated experience
in engineering and construction aspects related to remedial action and/or capping engineering projects.

2.3 CONSTRUCTION QUALITY ASSURANCE ENGINEER

This individual is the lead field representative responsible for implementing the field CQA program and coordinating
CQA for laboratory testing. The Construction Quality Assurance (CQA) Engineer reports directly to the PM, with at
least daily updates. The individual's duties vary depending on the construction activities occurring. Where there are
several construction activities occurring concurrently, the project engineer may at times supervise several field
engineers/technicians. The CQA staff is responsible for assigning these individuals to the various construction
activities, supervising field tests, collecting soil and geomembrane samples for laboratory testing and delivering
samples to the laboratory. This individual is also required to prepare daily field summary reports that describe each
day's construction and construction monitoring activities. The CQA staff coordinates sub-consultant field activities
and is responsible for reporting field test data to the Owner and the sub-consultant’s field representative, if
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applicable. If the project has only one construction activity in progress that requires field testing, this individual will
perform the duties of a field engineer/technician described below.

The CQA staff will be a Professional Engineer licensed in the State of Michigan or under the direction of a
Professional Engineer licensed in the State of Michigan, experienced with remedial action engineering and
construction.

2.4 FIELD ENGINEER/TECHNICIAN (FE)

This individual is responsible for implementing the QA/QC program in the field by making in-place measurements
and collecting soil and geomembrane destructive samples at the specified frequency. The FE prepares daily field
reports summarizing the construction activity and the field test results. The FE reports directly to the Project
Engineer and submits a copy of the field test data to the Contractor's Representative.

This individual is typically a civil engineer, an engineering technician, or other personnel with appropriate
experience.

2.5 SOILS LABORATORY

All laboratory tests on soil samples for this project are expected to be done in a qualified independent geotechnical
laboratory. Tests will be completed in general accordance with the American Society for Testing and
Materials (ASTM) standards listed below.

Test Designation Standard No.
Method for Particle Size Analysis of Soils ASTM D422
Test Method for Moisture-Density Relations of Soils and Soil Aggregate Mixtures Using 10-pound ASTM D1557

(4.54 kg) Rammer and 18-inch (457 mm) Drop
Method for Laboratory Determination of Water (Moisture) Content of Soil, Rock, and Soil Aggregate ASTM D2216

Mixtures

Practice for Wet Preparation of Soil Samples for Particle Size Analysis and Determination of Soil ASTM D2217
Constants

Test Method for Permeability of Granular Soils (Constant Head) ASTM D2434
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils ASTMD4318

Test Method Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible ASTM D5084
Wall Permeameter

Equipment used for the above listed tests will be calibrated in accordance with the applicable, accepted standards.
Scales used in the tests will be calibrated annually using weights traceable to the National Bureau of Standards.
Pressure gauges and transducers are typically calibrated annually.

Soil tests in the laboratory will be performed by or supervised by the laboratory manager (LM), who will have 5 or
more years of soils laboratory testing experience. The LM reports the data and testing status to the Project Manager.

Geomembrane samples are to be tested by a subcontracted testing laboratory. The testing laboratory must have
documented experienced with geomembrane testing and testing must be performed by experienced technicians.
Test procedures generally follow ASTM D 6392/GRI GM19/D 4437/NSF 54/882 mod.
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3.0 WASTE GRADE PREPARATION AND EXCAVATION

3.1. WASTE GRADE PREPARATION

The Contractor is responsible for completing all Site work necessary to comply with the project design and
specifications. This work includes but is not limited to: filling and grading the waste material mounds to their
approximate design grades and slopes prior to construction of the cover system; working the final surface to match
the design grades; and removing any protrusions, sharp objects, and irregularities to provide a stable, uniform
surface to construct the cover system. The CQA staff will monitor the waste material mound grade preparation to
verify through periodic spot checks that the surface appears stable and uniform and that irregularities and other
unsuitable materials have been removed from the surface.

3.2. EXCAVATION

The Contractor is required to perform all necessary excavation to construct the cover system, anchor trenches,
drainage structures and other Site improvements. The CQA staff, or designee, will observe the condition of the
subgrade surface following excavation and before placement of overlying fill. Excavation subgrades will be verified
by survey for proper dimensions and subgrade conditions for tie-in of the cover system to the existing Site grades.
Areas that reveal deleterious materials or disturbed or weathered (softened and/or desiccated) subgrade conditions
will be identified by CQA staff to the Contractor so that these areas can be properly excavated before fill placement.

3.3. SURVEY MEASUREMENTS

An independent, Michigan-licensed professional Surveyor will make pre-construction survey measurements prior
to construction activities, then again after the Site mounds have been re-graded to the final waste material grades,
but before final cover system construction begins. The Surveyor will establish a grid or baseline system to take
ground surface elevation measurements at a 50-foot grid or less. Measurements will also be made at changes in
slope and angle points. These data shall be compared to post-construction data to assist in determining compliance
with the general intent of the RAP. Survey measurements will also be conducted following placement of cover soil
and topsoil to document the cap component thicknesses. Auger probes, survey standpipes, or other suitable
methods may be necessary to measure final cover system component thicknesses if survey measurements indicate
settlement has occurred. The Contractor will be required to complete all auger probes, standpipe installations and
any other methods used to supplement optical survey measurements in the presence of the Project Engineer and/or
the Surveyor.

In addition, the Surveyor will survey the limits of excavations of waste material outside of the mound limits to
document the waste relocation that occurs. These measurements will be compared to pre-construction survey data
to estimate the quantity of waste relocated. Waste relocation will occur prior to survey measurements of the final
top-of-waste / bottom-of-cap surface.

Locations not within design tolerances shall be re-graded and re-measured.

4.0 GAS VENT RISER INSTALLATION

4.1. EXCAVATION

The CQA staff will monitor installation of the gas venting risers (and associated piezometers, as applicable) to check
that the bottom of the riser pipe extends as shown and specified.
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4.2. GAS VENT PIPE

The CQA staff will observe the pipe used for the gas vents and collection/transfer lines and the installation
procedures and compare those to the plans and specifications. Additional QA/QC requirements for the gas venting
pipes are presented in Section 7.00, Pipes.

4.3. SURVEY MEASUREMENTS

The Surveyor will stake the locations of the gas vents and the CQA staff will verify that the bottom of the gas vent
riser extends a sufficient depth below the top of waste to the design depth. Following construction of the gas vent
riser pipes, the Surveyor will measure the location of each gas vent riser, with bottom of gas vent riser
depth/elevation and record all gas vent riser pipe locations and elevations on the Project Record Drawings.

5.0 SOIL MATERIALS

5.1 REFERENCE STANDARDS

Test methods for all soil materials will be carried out in accordance with procedures developed by the ASTM, United
States Army Corps of Engineers (USACOE) and United States Environmental Protection Agency (USEPA), as
applicable. Table 1 lists the tests that may be required during this project and the appropriate test method
reference. Substitution of a method other than that specified in Table 1 for a particular test is subject to the approval
of the Engineer. Also, the use of test methods for those tests not listed in Table 1 that are deemed necessary for
the work during construction are subject to the approval of the Engineer.

TABLE 1
ACCEPTED REFERENCES FOR TESTING OF CONSTRUCTION MATERIALS
Test Designation Reference
Particle-Size Analysis of Soils, Combined Sieve and Hydrometer Analysis ASTM D-422
Moisture-Density-Relations of Scil and Soil-Aggregate Using 5.5lb Rammer and 12-inch Drop ASTM D-698
(Standard Proctor)
Moisture-Density-Relations of Soil and Soil-Aggregate mixtures using 10-pound. Rammer and ASTM D-1557
18-inch Drop-(Modified Proctor)
Specific Gravity of Soils ASTM D-854
Amount of Material in Soils Finer than the No. 200 Sieve ASTM D-1140
Laboratory Determination of Water (Moisture) Content of Soil, Rock, and Soil- Aggregate Mixtures ASTM D-2216
Permeability of Granular Soils (Constant Head) ASTM D-2434
Density of Soil and Soil Aggregate in Place by Nuclear Methods (Shallow Depth) ASTM D-2922
Moisture Content of Soil and Soil-Aggregate in-Place by Nuclear Methods(Shallow Depth) ASTM D-3017
Maximum Index Density of Soils Using a Vibratory Table ASTM D-4253
Minimum Index Density of Soils and Calculation of Relative Density ASTM D-4254
Liquid Limit, Plastic Limit and Plasticity Index of Soils ASTMD-4318
Consolidated Drained and Consolidated Undrained Triaxial Compressive Strength USACOE EM 1110-2-1906
Permeability Test (Constant Head in Triaxial cell with Back Pressure Saturation) ASTM D-5084
Organic Content of Soils ASTM D-2974
pH of Soils ASTM D-4972
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5.2 GAS VENT RISER STONE

5.2.1 Pre-Construction Material Evaluation

It is expected that gas vent riser stone shall be obtained from a Michigan Department of Transportation (MDOT)
approved source. If a non-approved source is proposed, then the Contractor shall be required to provide additional
pre-construction laboratory test data to demonstrate that the proposed source meets MDOT standards, as
specified.

The CQA staff will collect one sample of the gas vent riser stone from the proposed source before construction. The
gradation of the sample and its permeability shall be measured to estimate the material conformance to
specifications.

5.2.2 Construction Quality Evaluation

5.2.2.1 Sampling

The CQA staff will observe and document the particle size distribution of the gas vent riser stone as it is placed and
estimate its compliance with specifications. If it appears that the particle size distribution has changed, the CQA
staff will be required to collect a sample for testing. One sample of the gas vent riser stone is to be collected as a
minimum during construction for laboratory testing. It is estimated that under 50 cubic yards (cy) of gas vent riser

stone are required during HSP Cap installation. Therefore, 3 samples will be collected for grain size analysis and one
sample collected for permeability testing.

5.2.2.2 Laboratory Testing

Collected samples of the gas vent riser stone will be tested for gradation and permeability prior to installation. If
gas vent riser stone/coarse aggregate particle size distribution data fail to meet the required criteria, the CQA staff
will notify the Contractor to replace the stone with material that satisfies the project specifications.

5.2.3 Measurements

The CQA staff will verify that the gas vent riser stone is generally placed to the design lines and grades.

53 BARRIER PROTECTION LAYER

5.3.1 Preconstruction Material Evaluation

The Contractor will collect one sample of the barrier protection layer material from the proposed source before
construction and deliver it to the soil’s laboratory for testing. The particle size distribution and Atterberg limits of
the sample will be measured to estimate the material’s conformance to specifications. If the sample satisfies the
specifications, then the soil will be tested for the moisture-density relationship using the modified Proctor test to
establish parameters for field control. Reconstituted permeability testing will also be done.

5.3.2 Construction Quality Evaluation
5.3.2.1 Field Tests and Sampling
The CQA staff is responsible to collect one (1) bulk sample of barrier protection layer material for each 10,000 cy

placed during construction. If significant changes in the material are visually noticed, then additional samples will
be collected.
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The CQA staff will observe the barrier protection layer material being placed to check that the material is placed in
a manner that does not damage the underlying geosynthetics. The CQA staff will measure the in-place dry density
and moisture content of the compacted barrier protection layer at a rate of nine tests per lift per acre of material
placed to assess conformance with the specifications. If a test fails to satisfy the specified dry density or moisture
criteria, the CQA staff will require additional tests be made around the location having the failing test data to identify
the extent of material that is not in compliance with the specifications.

The Contractor will make additional compactor passes and adjusting the moisture content as needed to remediate
the non-compliant area. Verification that the remedial efforts were successful will depend upon the in-place dry
density and moisture content measurements obtained by the CQA staff.

5.3.2.2 Laboratory Testing

Each bulk sample collected will be tested for Atterberg limits, gradation, modified Proctor and reconstituted
permeability. If the test results are comparable to preconstruction test results, no further action is needed.
However, should the test results indicate the soil properties have changed, the field control parameters will be
reviewed, modified and additional samples will be collected for further testing.

5.3.3 Survey Measurements

The Surveyor will measure the elevation of the top of the barrier protection layer following construction in the same
horizontal location that measurements were made after final grading of the top of waste was completed, to
calculate the thickness of the barrier protection layer. Hand auger methods and/or standpipes may be used to
supplement the layer thickness measurements for reasons described previously. Any excavation method used to
supplement optical survey measurements will be done by the Contractor in the presence of the CQA staff or the
Surveyor. Locations not within design tolerances shall be re-graded and locations re-measured.

5.4 TOPSOIL
5.4.1 Preconstruction Material Evaluation

No pre-construction testing is necessary for topsoil used from an on-Site soil since this material was successfully
used previously on Site for vegetative cover. If an off-Site source is used, three samples for laboratory testing from
the proposed topsoil source(s) will be collected and analyzed. Each sample will be tested for PFAS, gradation, pH,
and organic content to evaluate the suitability of each proposed source to satisfy the project specifications.

5.4.2 Construction Quality Evaluation

For off-Site borrow, one (1) sample of topsoil material for each 5,000 cy placed will be collected during construction
and tested for gradation, pH and organic content. Additional samples will be collected if the CQA staff visually
observes that the material is not likely to meet the specifications. Should the soil laboratory test results not meet
the required criteria, The CQA staff will notify the Owner and Contractor and recommend procedures to remediate
the situation. Only topsoil that meets the specified criteria will be placed.

5.4.3 Survey Measurements

The Surveyor will measure the elevation of the topsoil following construction in the same locations that
measurements were made after the barrier protection layer construction was completed to calculate the thickness
of the topsoil layer. Hand auger methods and/or standpipes may be used to supplement the layer thickness



April 2022

House Street Final Remedy CQA Plan
File No. 16.0062961.81

Page | 7

measurements for reasons described previously. Locations not within design tolerances shall be regraded and the
locations remeasured. Excavation methods used to supplement optical survey measurements will be done by the
Contractor in the presence of the CQA staff and/or Surveyor. The Surveyor will also measure the limit and thickness
of topsoil placed outside the limit of the final cover system.

5.5 COARSE AGGREGATE

5.5.1 Pre-Construction Material Evaluation

It is expected that coarse aggregate will be obtained from a MDOT-approved source. If a non-approved source is
proposed, then the Contractor is required to provide additional pre-construction laboratory test data to
demonstrate that the proposed source meets MDOT standards, as specified.

The CQA staff will collect one sample of the coarse aggregate from the proposed source before construction to
estimate the material conformance to specifications.

5.5.2 Pre-Construction Material Evaluation
5.5.2.1 Sampling

The CQA staff will visually observe the particle size distribution of the coarse aggregate as it is placed and estimate
its compliance with specifications. If it appears that the particle size distribution has changed, The CQA staff will
collect a sample for testing. One sample of the coarse aggregate will be collected at a minimum during construction
for laboratory testing.

5.5.2.2 Laboratory Testing

The coarse aggregate sample collected will be tested for gradation. If coarse aggregate particle size distribution data
fail to meet the required criteria, the Contractor will be notified, and no additional material placed until material is
supplied which meets the specified requirements.

5.5.3 Measurements

The CQA staff, or designee, will document the locations of the coarse aggregate following construction and compare
them to the design. Locations not within design compliance will be re-graded and the locations re-measured as

appropriate.

5.6 CRUSHED STONE

5.6.1 Pre-Construction Material Evaluation

Crushed stone will be obtained from a MDOT-approved source. No pre-construction samples are required.
5.6.2 Construction Quality Evaluation

No construction samples are required.

5.6.3 Measurements

The CQA staff will verify that the crushed stone is generally placed to meet the design intent.



April 2022

House Street Final Remedy CQA Plan
File No. 16.0062961.81

Page | 8

5.7 RIP RAP

5.7.1 Pre-Construction Material Evaluation

It is expected that riprap will be supplied by a MDOT-approved source. The Contractor will provide a certificate of
compliance from the riprap supplier, along with gradation test data to confirm the supplied riprap meets the project
specifications. If a non-approved source is proposed, then the Contractor will be required to provide additional
laboratory test data to demonstrate that the proposed source meets the MDOT standards, as specified.

5.7.2  Construction Quality Evaluation
5.7.2.1 Field Tests and Sampling

The CQA staff will visually observe the riprap as it is unloaded at the Site and compare the visual observations to
the appropriate gradation specification. The QA Engineer will require additional samples of riprap be tested for
gradation during construction if visual observations suggest that the riprap is not in compliance with the
specifications.

6.0 GEOSYNTHETICS

6.1. GEOTEXTILE
6.1.1 Preconstruction Material Evaluation

Prior to product delivery to the Site, the geotextile supplier will furnish certificates of compliance for the geotextile
delivered to the Site. The geotextile supplier/ manufacturer will provide copies of ma