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Wolverine Engineers and Surveyors, Inc.
312 North Street

Mason, Michigan 48854

Telephone: 517-676-9200

Fax: 517-676-9336

[
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WOLVERINE
Tegareees & Sveyocs, b

CLIENT _Bergmann Associates Inc

PROJECT NUMBER _18-0122

DATE STARTED _10/17/18
DRILLING CONTRACTOR _Strata Drilling

COMPLETED _10/17/18

DRILLING METHOD _Hollow Stem Augers

LOGGED BY _HTK CHECKED BY _DJW

BORING NUMBER B1

PAGE 1 OF 1

PROJECT NAME Redwood Living
PROJECT LOCATION Rochester Hills, Michigan
GROUND ELEVATION _682 ft HOLE SIZE _4 3/4"
GROUND WATER LEVELS:
Y AT TIME OF DRILLING _2.00 ft / Elev 680.00 ft
AT END OF DRILLING
Y AFTER DRILLING _1.50 ft / Elev 680.50 ft

NOTES
~ E e R - E A SPTN VALUE A
r |0 (8 cE x| Led | 20 40 60 80
F~lE~|LTO La jGal 253 kel PL MC LL
& £ <>’: £ 2,:- (e} MATERIAL DESCRIPTION oOs | >38 9 S5< |jwe :Z) g
a | %—’ = 893 m8; S |ZT—20 40 60 80
w < o = |® |% | OFINES CONTENT (%)0
0 20 40 60 80
258 4 Dark brown TOPSOIL 680.8 : : : :
R 680 20 (SP) Brown SANDY CLAY TOPSOIL, with 68001 55 123 | . e I
gravel, moist () :
- -+ 4.0 (SP) Loose, brown, fine to coarse SAND, with 678.0 sS 3-5-7 201 Ay
gravel, wet (12) '
-+ (CL-ML) Very stiff, gray, SILTY CLAY, with ~ for——  F—==a—. | |dsi
occasional wet sand and gravel seams, moist SS 62'17(;;3 3.25
10 S8 S D T T S O
B 670 gy b
- o SS 8_1 0_14 2.0 ....................................
(24)
20 20.0 ss2.0[] SS 1 0{1- %9 4.25

Bottom of borehole at 20.0 feet.
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oy Wolverine Engineers and Surveyaors, Inc.

312 North Street
m Mason, Michigan 48854
WOLVERINE Telephone: 517-676-9200
temmsssant Fay: 517-676-0396

CLIENT Bergmann Associates Inc

PROJECT NUMBER _18-0122

DATE STARTED _10/18/18 COMPLETED _10/18/18

DRILLING CONTRACTOR _Strata Drilling

DRILLING METHOD _Hollow Stem Augers

BORING NUMBER B5

PAGE 1 OF 1

PROJECT NAME _Redwood Living
PROJECT LOCATION _Rachester Hills, Michigan
GROUND ELEVATION _744 ft HOLE SIZE _4 3/4"
GROUND WATER LEVELS:
AT TIME OF DRILLING _---

LOGGED BY HTK CHECKED BY _DJW AT END OF DRILLING _---
NOTES Y AFTER DRILLING 12.50 ft / Elev 731.50 it
w e - . A SPTNVALUE A
L |8 |e S x> | _em |b = 20 40 60 80
E JE _ |To W 1%al 2E2 |felEx PL  MC LL
ae <>( £ ‘}( O MATERIAL DESCRIPTION Hs 159 9 S< (w2 % ] ——
o |@ %—' = 8% m8§ S |ST|—20_40 60 80
[T} % I&J ~ 8 g O FINES CONTENT (%) O
0 20 40 60 80
£ 8 09 Dark brown TOPSOIL 7431 o Do
n A4 (SC) Very loose, brown, fine to medium SS 1-1-1 -
CLAYEY SAND, with occasional sand and (2)
| 740 gravel seams, moist Ss 122 )
55 7385 4)
B T (SP) Medium dense, brown, fine to coarse 3556
SAND and GRAVEL, moist SS (1) -
S5 9-11-12 .
10 (23)
B 730 ~10-
15.0 729.0 SS 7 (1203)1 3 -
B A4 (SP) Medium dense, brown, fine SAND, with
occasional gravel, moist
S5 5-6-8 .
20 20.0 724.0 (14)

Bottom of borehaole at 20.0 feet.
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Wolverine Engineers and Surveyors, inc.

BORING NUMBER B9

Botton of borehole at 50.0 feet.

ey 312 North Street
WE Mason, Michigan 48854 PAGE 1 OF 1
WOLVE o Telephone: 517-676-9200
bemwkenan i Eay: 517-676-9396
CLIENT _Bergmann Associates Inc PROJECT NAME _Redwood Living
PROJECT NUMBER _18-0122 PROJECT LOCATION _Rochester Hills, Michigan
DATE STARTED _10/18/18 COMPLETED _10/18/18 GROUND ELEVATION 742 ft HOLE SIZE _4 3/4"
DRILLING CONTRACTOR _Strata Drilling GROUND WATER LEVELS:
DRILLING METHOD _Hollow Stem Augers Y AT TIME OF DRILLING _30.00 ft / Elev 712.00 ft
LOGGED BY _HTK CHECKED BY _DJW AT END OF DRILLING _---
NOTES S_[ AFTER DRILLING _41.00 ft / Elev 701.00 ft
° . . A SPT N VALUE A
L e =
: |8 |¢ So | L@ (B S 20 40 60 80
E_lE|To i a 3 Ec PL  MC LL
aE|<E|ZQ MATERIAL DESCRIPTION w@ Y5l 852 |LE|2%
6 |o |- 85 |9E| @32 |57|27] 20 40 60 80
—
o |© =< |4 < |S |Z | OFINES CONTENT (%)00
0 20 40 60 80
Y207 Dark brown TOPSOIL 2T : : : :
740 (SP) Loose to medium dense, brown, fine to Ss 2-2-2 -
medium SAND, trace clay, moist (4)
iR 40 738.0 10-19-13
(SP) Medium dense, brown, fine to coarse SS (25) -
| 1 SAND and GRAVEL, moist
SS 17-19-24 | _
L 8.0 734.0 (43)
10 (SP) Medium dense, brown, fine SAND, moist s 108101 _
(18)
730
13.5 7285
T (SP) Medium dense, brown, fine to coarse SS 8-12-14 | _
SAND and GRAVEL, moist (26)
ss 8-13-16 | .
20 (29)
720
235 718.5
T (SM) Dense to very dense, brown, SANDY SS 17-25-35 | _
SILT, with occasional wet seams, moist to wet (60)
ss 233237 | .
30 (69)
710
4 SS 21-45- -
50/3"
4 38.0 704.0
(CL-ML) Very stiff, gray, SILTY CLAY, with T
40 | occasional wet sand and gravel seams, moist SS 8 (1226)14 4.5
\' 4
700
T ss 7-12-16 | 45
(28)
SS 7-11-14 1 45
50 50.0 692.0 (25)







WOLVERINE

Engineers & Surveyors, Inc,

BORING LOG TERMINOLOGY

UNIFIED SOIL CLASSIFICATION AND SYMBOL CHART

LABORATORY CLASSIFICATION CRITERIA

VISUAL MANUAL PROCEDURE

COARSE-GRAINED SOIL
{more than 50% of material Is farger than No. 200 sieve size.)

Clean Gravel (Less than 5% fines)

Deo Dso
greater than 4; C¢ =
Do Dio x Deo

GW | Cy= between 1 and 3

GP | Not meeting all gradalion requirements for GW

Well-graded gravel;
gravel-sand mixtures, Atterberg limits below “A” wpv i .
- GM |, Above “A” line with Pl
little or no fines line or Pl less than 4 between 4 and 7 are
GRAVEL Poarly-graded gravel; GG | Atterberg limits above -a" | bordertine cases requiring
More than 50% of gravel-sand mixtures, fine with Pl greater than 7 use of dual symaols
coarse litle or no fines
fraction larger than Dso Dig
No. 4 sieve size Grave! with fines (More than 12% fines) SW | Cy= greater than 6; C¢ = between 1 and 3
Dio D1g x Deg

Mt
35 Silty gravel; gravel-sand-
siit mixtures

) N
Oy 4 GM
01.’? N

SP | Not meeting all gradation requirements for SW

Gc Clayey gravel; gravel-

Atterberg fimits befow "A™

Well-graded sand; sand-
SW | gravel mixtures, little or

byt % sand-clay mixtures SM | P Above “A” line with Pl
G y line or Pt less than 4 between 4 and 7 are
Clean Sand (Less than 5% fines imi “A" barderline cases requiring
( ) sc | Atererg limits above “A use of dual symbols

line with Pi greater than 7

no fines
SAND Poorly graded sand;
50% or more of SP sand-gravel mixtures,
coarse fitde or no fines
fraclion smaller than
No. 4 sieve size Sand with fines (More than 12% fines)
SM Silty sand; sand-silt-
grave! mixtures
sc Clayey sand; sand—clay-

gravel mixtures

s
FINE-GRAINED SOIL
{50% or more of material is smatler than No. 200 sieve size)

Inorganic silt; sandy silt
ML or gravelly siit with slight

Determine percentages of sand and gravef from grain-size curve.
Depending on percentage of fines {fraction smaller than No. 200
sieve size), coarse-grained soils are classified as follows:

.GW, GP, SW, SP

Less than 5 percent..
More than 12 percent.. ..GM, GC, SM, sC
5 to 12 percent Cases requiring dua! symbots

© SP-SM or SW-SM (SAND with Siit or SAND with Silt and Grav-
al)
ogP-S('i‘) or SW-SC {SAND with Clay or SAND with Clay and
ravel
. gP‘SM or GW-GM (GRAVEL with Silt or GRAVEL with Silt and
an

* GP-GC or GW-GC (GRAVEL with Clay or GRAVEL with Clay
and Sand)
if the fines are CL-ML:
ogC-ShIA) (SILTY CLAYEY SAND or SILTY CLAYEY SAND with
ravel
ogM-S(IJ {CLAYEY SILTY SAND or CLAYEY SiLTY SAND with
ravel

When iaboratory tests are not performed to canfirm the classifica-
tion of soils exhibiting borderline classifications, the two possible
classifications would be separated with a stash, as follows:

For soils where it is difficult to dislinguish if it is a coarse or fine-
grained soil:

e SC/CL (CLAYEY SAND to Sandy LEAN CLAY)
o SM/ML (SILTY SAND to SANDY SILT)

e GC/CL (CLAYEY GRAVEL to Gravelly LEAN CLAY)
o GM/ML (SILTY GRAVEL to Gravelly SILT)

For soils where it is difficult to distinguish if it is sand or gravel,
poorly or well-graded sand or gravel; silt or day; or plastic or non-
plastic silt or clay:

SP/GP or SW/GW (SAND with Gravel to GRAVEL with Sand)
SC/GC (CLAYEY SAND with Grave! to CLAYEY GRAVEL with

Sand)
gMIgM (SILTY SAND with Gravel to SILTY GRAVEL with
an

SWISP (SAND or SAND with Gravel)
GP/GW (GRAVEL or GRAVEL with Sand)
SC/SM (CLAYEY to SILTY SAND)

GMJGC (SILTY to CLAYEY GRAVEL)

CL/ML (SILTY CLAY)

ML/CL (CLAYEY SILT)

CH/MH (FAT CLAY to ELASTIC SILT)
CLICH {LEAN to FAT CLAY)

MH/ML (ELASTIC SILT to SILT)

OL/OH (ORGANIC SILT or ORGANIC CLAY)

DRILLING AND SAMPLING ABBREVIATIONS

28T - Shelby Tube ~ 2" O.D.

38T - Shelby Tube -3 O.D.

AS - Auger Sample

GS - Grab Sample

LS - Liner Sampla

NR - No Recavery

PM - Pressure Meter

RC - Rock Core diamond bit. NX size, except
where noted

SB - Split Barre! Sample 1-3/8"1.0,, 2" O.D.,
except where noted

Vs - Vane Shear

wWS§s -~ Wash Sample

OTHER ABBREVIATIONS

WOH - Weight of Hammer

WOR - Weight of Rods

SP - Soil Probe

PID - Photo lonizatlon Device

FiD - Flame lonization Device
DEPOSITIONAL FEATURES

Parting ~ as much as 1/16 inch thick

Seam — 18 inch to 1/2 inch thick

Layer ~ 1R2inch to 12 inches thick

Stratum ~ greater than 12 inches thick

Pocket ~ deposit of limited lateral extent

Lens ~ lenticular deposit

Hardpan/Till ~ an unslratified, consofidated or cemented
mixture of clay, silt, sand and/or gravel, the
size/shape of the constituents vary widely

Lacustrine — soll deposited by lake water

Mottled - soif irregularly marked with spots of different
colors that vary in number and size

Varved — alternating partings or seams of siit and/or
clay

Occasional ~ one or less per foot of thickness

Frequent  — more than one per foot of thickness

Interbedded — strata of soii or beds of rock lying between or

afternating with other strata of a different
nature

CLASSIFICATION TERMINOLOGY AND CORRELATIONS

SILT plasticity » GC-GM (SILTY CLAYEY GRAVEL or SILTY CLAYEY GRAVEL
AND ;/ ? with Sand
CLAY /'// Inorganic clay of low . \?AM—GC {CLAYEY SILTY GRAVEL or CLAYEY SILTY GRAVEL
Liquid limit el CL | plasticity; fean clay, th Sand)
less than ;':/ sandy clay, gravelly clay
50% o PARTICLE SI1ZES
1 oL Organic siit and organic N
- o] clay of low plasticity Boulders - Greater than 12 inches
oo Cobbles - Jinches to 12 inches
Inorganic silt of high Gravel- Coarse - 3/4 inches to 3 inches
SILT MH plaslicity, elaslic silt Fine - No. 410 3/4inches
AND Sand- Coarse « No.10lo No. 4
CLAY cH | norganic dlay of high Medium - No. 40to No. 10
Liquid fimit plasticity, fat clay Fine - No. 200 to No. 40
50% Silt and Clay - Less than (0.0074 mm)
or greater OH Organic sift and organic
clay of high plasticity PLASTICITY CHART
HIGHLY ) 60
ORGANIC pr | Peatand other highly _ /
SoIL organic soil = 50
I g CH //
< 40 v
o) ALINE
OTHER MATERIAL SYMBOLS 2w / IPI=0~ 3 (LL-20)
[ cL / MH & OH
G 20 “
= L~
7] P
910 >
o ML &OL
Topsoil Void Sandstone L
I 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL) (%)
Glacial B
Tilt HH
Asphalt i i3} Siitstone Cohesionless Soils
N-Value
Relative Density { 1
elative Densit Blows per fool
Very Loose Oto4d
Base Coat Limestone Loase 41010
Medium Dense 1010 30
Dense 30to 50
Very Dense 5010 80
Extremely Dense Over 80
!l concrete Shale Fill

Standard Penetration ‘N-Value' = Blows per loot of a 140-pound hammer falling 30 inches on a 2-inch O.D. split barre! sampler, except
where noted.

Cohesive Solls

Consistenc N-Value Undrained Shear
Lansistency {Blows per foot) Strenath (kips/ft®)
Very Soft 0-2 0.25 or less
Soft 2-4 0.25 to 0.50
Medium 4-8 0.50t0 1.0
Stiff 8-15 1.0t0 2.0
Very Stiff 15-30 20to 4.0
Hard > 30 4.0 or greater







Wolverine Engineers & Surveyors, Inc.

312 North Street ® Mason, Michigan 48854 ® 517.676.9200 ® Fax 517.676.9396

November 19, 2018

Mr. Paul Furtaw

Bergmann Associates PC

7050 West Saginaw Highway #200
Lansing, Michigan 48917

RE: Permeability Testing Results
Proposed Redwood Living Development
Avon Road and Dequindre Road
Rochester Hills, Michigan
WESI Project No. 18-0122

Dear Mr. Furtaw:

Pursuant to your request, Wolverine Engineers and Surveyors, Inc. (Wolverine) performed two
permeability analysis at the future location of the new Redwood Living Development proposed
for Rochester Hills, Michigan. Please find the results of our analysis attached to this letter.

Wolverine appreciates the opportunity to provide our services to you and looks forward to
working with you again in the future. Please feel free to contact us regarding any questions or

concerns regarding our report.

Sincerely,
WOLVERINE ENGINEERS AND SURVEYORS, INC.,

Dan Wisinski
Project Manager

Established 1919



Redwood Living Development, Rochester Hills, Ml | 1
WESI Project 18-0122

CONSTANT HEAD PERMEABILITY TESTING
PROIJECT: ROCHESTER HILLS DEVELOPMENT
DATE: 10/30/2018
PROJECT NO.: 18-0122
SAMPLE: Boring 3
DEPTH: 1 to 6 Feet BGS
Sample Information
Diameter: 3.12 cm
Height: 15.0 cm
Area: 30.6 cm?2
Volume: 460.2 cm3

Weight: 6909 g
Dry density: 93.8 pcf

Permeability: @

Soil Description: Fine to Medium SAND with Silt and Gravel - Brown — (SP-SM)

Remarks: The permeability test was performed in general accordance with ASTM D- 2434. The
Standard is no longer supported by ASTM.

-

WiE

Wolverine Engineers & Surveyors, Inc.




Redwood Living Development, Rochester Hills, Ml
WESI Project 18-0122

FALLING HEAD PERMEABILITY|

ASTM D5084
|PROJECT INFORMATION
Project: Rochester Hills Development 1
Wolverine lob £ 18-0122 loate staneg:  November 2, 2018 |Permeameter Cell Number 6
|Enginz=r: H¥ ple # B8 1-3.5 FT BGS
ISAMPLE IDENTIFICATION
Sample Location Type of Sample Description
Onsite Remclded Brown SAND with fines
|SAMPLE PREPARATION
Dry Unit Weight Moisture Content Actual Sample Method of Compaction
Maximum, pcf Optimum, % Compaction, %
-— —- — 3 lifts, scarred lower layer before compacting next lift
TEST CONDITIONS -
Initial Head Height (inches) Permeant Liquid Initial Stone & Resevoir Water Conditions
60.5 Tap Water Moist Stones with 5 psi confining pressure
23E06 T ————— ey e
QO 22E-08
<
™~
© 2.1E-06 205606 205£-06
£ 20E-08 203606
2 1.99?4\
S 1.9E-06 — 1
- 1.83E-05 S
o 4 :
% 1.8E-06 1.81E-06 1.82E-06
€ 1.7E-06
(=}
‘S
 1.6E-06
8
© 15606
14E-06
1.3E-06
3 3.5 4 45 5
Elapsed Time, Days
Initial Final Coefficient of Conductivity, k@20C, cm/sec
Water Content, w% 18 16 Average of last 4 test cycles
Wet Unit Weight 128 125 0.0000018226
Dry Unit Weight 109 109 1.82E-06

=

Wolverine Engineers & Surveyors, Inc.




Redwood Living Development, Rochester Hills, Ml | 1
WESI Project 18-0122

CONSTANT HEAD PERMEABILITY TESTING
PROIJECT: ROCHESTER HILLS DEVELOPMENT
DATE: 10/30/2018
PROJECT NO.: 18-0122
SAMPLE: Boring 6
DEPTH: 1to 6 Feet BGS
Sample Information
Diameter: 3.12 cm
Height: 15.0 cm
Area: 30.6 cm2
Volume: 460.2 cm3

Weight: 690.9 g
Dry density: 93.8 pcf

Soil Description: Fine to Medium SAND with Silt and Gravel - Brown — (SP-SM)

Remarks: The permeability test was performed in general accordance with ASTM D- 2434. The
Standard is no longer supported by ASTM.

=
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Wolverine Engineers & Surveyors, Inc. -



Redwood Living Development, Rochester Hills, MI 2
WESI Project 18-0122

FALLING HEAD PERMEABILITY]
ASTM D5084
[PROJECT INFORMATION
Project: Rochester Hills Development |
Wolverine lob £ 18-0122 loate stan=z:  Movember 2, 2018 [Permeameter Cell Number 6
[Enginzer: H¥ Sample #: Boring3 1ta & Feet 2G5
|SAMPLE IDENTIFICATION
Sample Location Type of Sample Descripticn
Onsite Remaolded Brown SAND with fines
SAMPLE PREPARATION
Dry Unit Weight Moisture Content Actual Sample Method of Compaction
Maximum, pcf Optimum, % Compaction, %
-— - — 3 lifis, scarred lower layer before compacting next lift
TEST CONDITIONS
Initial Head Height {inches) Permeant Liquid Initial Stone & Resevoir Water Conditions
60.5 Tap Water IMoist Stones with 5 psi confining pressure
23606 T
O 22E-06
(=]
o~
9 e 20506 20506
£ 2.0E-08 e .
.g 1.
S 1.9E-06 —
2 1.83E-05 e
o j
96 1.8E-06 SHIEDE HE06G
t 1.7E-06
D
‘G
e 1.6E-06
8
© 15E08
1.4E-06
1.3E-06
3 35 4 45 5
Elapsed Time, Days
Initial | Final Coefficient of Conductivity, k@20C, cm/sec
Water Content, w% 18 16 Average of last 4 test cycles
Wet Unit Weight 128 125 0.0000018226
Dry Unit Weight 109 109 1.82E-06
|
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Wolverine Engineers & Surveyors, Inc.






