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Shannon & Wilson, Inc. (S&W), uses a soil 
classification system modified from the Unified 
Soil Classification System (USCS). Elements of 
the USCS and other definitions are provided on 
this and the following page. Soil descriptions 
are based on visual-manual procedures (ASTM 
o 2488-93) unless otherwise noted. 

S&W CLASSIFICATION
 
OF SOIL CONSTITUENTS
 

•	 MAJOR constituents compose more than 50 
percent, by weight, of the soil. Major 
consituents are capitalized (i.e., SAND). 

•	 Minor constituents compose 12 to 50 percent 
of the soil and precede the major constituents 
(i.e., silty SAND). Minor constituents 
preceded by "slightly" compose 5 to 12 
percent of the soil (Le., slightly silty SAND). 

•	 Trace constituents compose 0 to 5 percent of 
the soil (i.e., slightly silty SAND, trace of 
gravel). 

MOISTURE CONTENT DEFINITIONS 

Dry Absence of moisture, dusty, dry 
to the touch 

Moist Damp but no visible water 

Wet Visible free water, from below 
water table 

ABBREVIATIONS 

GRAIN SIZE DEFINITION 

DESCRIPTION SIEVE NUMBER AND/OR SIZE 

FINES < #200 (0.08 mm) 

SAND* 
- Fine #200 to #40 (0.08 to 0.4 mm) 
- Medium #40 to #10 (0.4 to 2 mm) 
- Coarse #10 to #4 (2 to 5 mm) 

GRAVEL* 
- Fine #4 to 3/4 inch (5 to 19 mm) 
- Coarse 3/4 to 3 inches (19 to 76 mm) 

COBBLES 3 to 12 inches (76 to 305 mm) 

BOULDERS > 12 inches (305 mm) 

* Unless otherwise noted, sand and gravel, when 
present, range from fine to coarse in grain size. 

RELATIVE DENSITY I CONSISTENCY 

COARSE-GRAINED SOILS FINE-GRAINED SOILS 

N, SPT, RELATIVE 
BLOWS/FT. DENSITY 

0-4 Very loose 
4 - 10 Loose 

10 - 30 Medium dense 
30 - 50 Dense 

Over 50 Very dense 

N, SPT, RELATIVE
 
BLOWS/FT. CONSISTENCY
 

Under 2 Very soft 
2 - 4 Soft 
4 - 8 Medium stiff 

8 - 15 Stiff 
15 - 30 Very stiff 

Over 30 Hard 

WELL AND OTHER SYMBOLS 

Skagit River Levee General Investigation 

Skagit County, Washington 

SOIL CLASSIFICATION 
AND LOG KEY 

m o/l>A:I~o/.:.A:I 

Bent. Cement Grout :~~~:~ Surface Cement 
Seal 

~ Bentonite Grout • Asphalt or Cap 

mm Bentonite Chips r:~?1 Slough 

D Silica Sand ~ Bedrock 

rnJ PVC Screen 

IT] Vibrating Wire 

FIG. A-1 
Sheet 1 of 2 

21-1-21199-002June 2010 
Water level indicator WLI 

ATD At Time of Drilling 

Elev. Elevation 

ft feet 

FeO Iron Oxide
 

MgO Magnesium Oxide
 

HSA Hollow Stem Auger
 

10 Inside Diameter 

in inches 

Ibs pounds 

Mon. Monument cover 

N Blows for last two 6-inch increments 

NA Not applicable or not available 

NP Non plastic 

00 Outside diameter 

OVA Organic vapor analyzer 

PID Photo-ionization detector
 

ppm parts per million
 

PVC Polyvinyl Chloride
 

SS Split spoon sampler
 

SPT Standard penetration test
 

USC Unified soil classification
 

WOH Weight of hammer 

WOR Weight of drill rods 



UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) 
(From USACE Tech Memo 3-357) 

MAJOR DIVISIONS GRO~~~~~{HIC TYPICAL DESCRIPTION 
~ .. 

COARSE
GRAINED 

SOILS 
(more than 50% 
retained on No. 

200 sieve) 

Gravels 
(more than 50% 

of coarse 
fraction retained 
on No. 4 sieve) 

Clean Gravels 
(less than 5% 

fines) 

GW • ' •..: Well-graded gravels, gravels, 
•• ~... graveT/sand mixtures, little or no fines. -p'0 U 

GP 0 U0 0 Poorly graded gravels, gravel-sand 
Do D" mixtures, little or no fines 

Gravels with 
Fines 

(more than 12% 
fines) 

• " • Wt 
GM ~.:... Silty gravels, gravel-sand-silt mixtures 

GC ~~ C!.ayey gravels, gravel-sand-c1ay 
~ mixtures 

Sands 
(50% or more of 
coarse fraction 

passes the No. 4 
sieve) 

Clean Sands 
(less than 5% 

fines) 

Sands with 
Fines 

(more than 12% 
fines) 

t--------t

Well-graded sands, gravelly sands,
little or no finesSW 

Poorly graded sand, gravelly sands,
little or no fines 

Silty sands, sand-silt mixtures 
... : .... '" 

:-:::.-: ','. 

SP 

SM 

..-r..:71.. ~···_r.:·,....·--------------1----r-;

Clayey sands, sand-clay mixtures SC 

FINE-GRAINED 
SOILS 

(50% or more 
passes the No. 

200 sieve) 

Silts and Clays 
(liquid limit less 

than 50) 

Inorganic 

ML 
Inorganic silts of low to medium
plasticity, rock flour, sandy silts, 
grav~lIy silts, or clayey silts with slight
plasticity 

CL 
Inorganic clays of low to medium 
plasticity, gravelly clays, sandy clays,
silty clays, lean clays 

Organic OL 
- -
- - -

- -

Organic silts and organic silty clays of 
low plasticity 

Silts and Clays 
(liquid limit 50 or 

more) 

Inorganic 

MH 
Inorganic silts, micaceous or
diatomaceous fine sands or silty soils,
elastic silt 

CH 
Inorganic clays of medium to high
plasticity, sandy fat clay, or gravelly fat 
clay 

Organic OH Organic clays of medium to high
plasticity, organic silts 

HIGHLY
ORGANIC 

SOILS 

Primarily organic matter, dark in 
color, and organic odor PT Peat, humus, swamp soils with high

organic content (see ASTM D 4427) 

NOTE: NO.4 size =5 mm; No. 200 size =0.075 mm 

...., 
a.. 1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly~ 
oj silty fine SAND) are used for soils with between 5% and 12% fines 

or when the liquid limit and plasticity index values plot in the CL-ML 
Ol 

~ 
N area of the plasticity chart. 
N 
CIl

2. Borderline symbols (symbols separated by a slash, i.e., CUML, silty 
() CLA Ylclayey SIL T; GW/SVV, sandy GRAVEUgravelly SAND) 

~ indicate that the soil may fall into one of two possible basic groups. 
~"' 
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Very loose, brown, fine sandy SILT to silty, fine
SAND; moist; trace of fine roots, laminated;
(Ha[ob]) ML/SM.

Interbedded, loose, brown and gray, slightly silty,
fine to medium SAND and silty, fine SAND;
moist to wet; (Ha[cd]) SP-SM/SM.

% Water Content

1

83

BOTTOM OF BORING
COMPLETED 10/16/2009

Loose to medium dense, gray, trace of silt to
slightly silty, slightly fine gravelly to fine gravelly,
fine to medium SAND; wet; (Ha[cd]) SP/SP-SM.
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Hammer Wt. & Drop:

Bentonite Grout

FIG. A-2

Bentonite Chips/Pellets

Hole Diam.:
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Hammer Type:
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SOIL DESCRIPTION
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification lines
indicated below represent the approximate boundaries between

material types, and the transition may be gradual.
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Vert. Datum:
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Loose to medium dense, brown, fine sandy
SILT; moist; trace of organics; (Hf) ML.

Loose, gray, silty, fine to medium SAND; wet;
scattered silty, fine sand seams, iron-oxide
staining; (Ha[ob]) SM.
Interbedded, loose, gray-brown, slightly fine
sandy to fine sandy SILT, silty, fine SAND, and
medium stiff, organic SILT; wet; 1/2-inch silty
clay seam and 7-inch-thick wood fragment;
(Ha[ob]) ML/SM/OL.

Liquid Limit

1

WC=78

Soft, brown, trace to slightly clayey, trace of fine
sand to slightly fine sandy SILT; moist to wet;
scattered roots; (Ha[ob]) ML.

Loose to medium dense, gray, trace to slightly
fine gravelly, trace to slightly silty SAND; wet;
(Ha[cd]) SP-SM/SP.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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subsurface materials and drilling methods.  The stratification lines
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material types, and the transition may be gradual.
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Medium dense, gray, slightly silty, fine gravelly
SAND; wet; (Ha[g]) SW-SM.

Medium dense, gray, slightly silty, fine to
medium SAND; wet; (Ha[cd]) SP-SM.

BOTTOM OF BORING
COMPLETED 10/16/2009

NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Soft, brown, trace to slightly clayey, slightly fine
sandy SILT; moist; scattered roots, iron-oxide
staining; (Ha[ob]) ML.

BOTTOM OF BORING
COMPLETED 10/19/2009

Loose to medium dense, gray, trace to slightly
silty, fine medium SAND; wet; trace to scattered
wood fragments, scattered mica flakes; (Ha[cd])
SP/SP-SM.

Very loose, brown, silty, fine SAND; wet;
scattered roots, trace of iron-oxide staining;
(Ha[ob]) SM.
Soft, brown WOOD; moist; horizontal grain;
(WOOD).
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Interbedded, very loose to loose and soft to
medium stiff, brown, fine sandy SILT, slightly
fine sandy SILT, trace of clay, and silty, fine
SAND; moist; scattered organics and wood,
trace of iron-oxide-stained seams; (Ha[ob])
ML/SM.

-  Iron-oxide-stained seams below 12 feet.

Loose to medium dense, brown, fine sandy
SILT; moist; trace of organics, locally trace of
clay, local slightly silty sand zones; (Hf) ML.

Loose to medium dense, gray, slightly silty to
silty, fine to medium SAND; wet; trace of
organics, locally trace of fine gravel; (Ha[cd])
SP-SM/SM.

-  Scattered wood fragments at 35 feet.

Liquid Limit

1

Gray, fine SAND, trace of silt; wet; stratified;
(Ha[cd]) SP.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Loose, gray SAND, trace of silt and fine gravel;
wet; (Ha[cd]) SP.

Very loose to loose, brown and gray, silty, fine
SAND; wet; (Ha[ob]) SM.

Loose, brown, slightly fine sandy SILT; moist;
scattered organics; (Topsoil) ML.

Loose, gray, trace to slightly fine gravelly SAND,
trace of silt; wet; local slightly silty layers at 25
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Gray and orange, fine sandy SILT grading to
silty, fine SAND; wet; iron-oxide mottling,
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fine sand; wet; faint iron-oxide mottles; (Ha[ob])
ML.

Medium dense, gray-brown, silty, fine SAND;
moist; scattered fine sandy silt seams; (Hf) SM.

Loose, brown, silty, fine SAND to fine sandy
SILT, trace of fine gravel; moist; trace of
organics; (Hf) SM/ML.

Medium dense, gray, slightly clayey, slightly
gravelly, silty SAND; moist; scattered roots; (Hf)
SM.

Medium dense, gray, trace of fine gravel to
slightly fine gravelly, slightly silty SAND; wet;
(Ha[cd]) SP-SM/SW-SM.

Nonstandard

Liquid Limit

1

Medium dense, gray, slightly silty SAND, trace of
fine gravel; wet; (Ha[cd]) SP-SM.
Medium dense, gray, fine gravelly SAND, trace
of silt; wet; (Ha[g]) SP.

64

13

48.0

28.0

23.0

19.1

16.5

14.5

9.0

4.5

*

12

11

10

9

8

7

6

5

4

3

2

20 40

CONTINUED NEXT SHEET

Sheet 1 of 2

61.5 ft.
~

NAD83

SHANNON & WILSON, INC.

Northing:
Easting:
Station:
Offset:

Lo
g:

 E
V

P

Drilling Method:
Drilling Company:
Drill Rig Equipment:
Other Comments:

Standard Penetration Test

R
ev

: J
K

N

LEGEND

Hole Diam.:
Rod Diam.:
Hammer Type:

Mud Rotary
Holocene Drilling
BK-81 Truck

FIG. A-7

Bentonite Chips/Pellets
3" O.D. Split Spoon Sample
3" O.D. Thin-Walled Tube

(blows/foot)

% Water Content
(<0.075mm)% Fines

Natural Water Content
Plastic Limit

Hammer Wt. & Drop:
PENETRATION RESISTANCE

140 lbs / 30 inches

M
A

S
TE

R
_L

O
G

_E
  2

1-
21

19
9.

G
P

J 
 S

H
A

N
_W

IL
.G

D
T 

6/
1/

10

NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Very loose to loose, brown, silty, fine SAND;
moist; scattered iron-oxide-stained seams;
(Ha[cd]) SM.

Loose to medium dense, brown, sandy, fine
GRAVEL, trace of silt to gravelly SAND, trace of
silt; wet; strong iron-oxide staining below 12 feet,
rounded to subrounded gravel; (Ha[g]) GP/SW.

% Water Content

1

Loose, brown, slightly fine sandy SILT; moist;
trace of fine roots; (Ha[ob]) ML.

BOTTOM OF BORING
COMPLETED 10/9/2009

Medium dense, gray, slightly silty, fine to
medium SAND, trace of fine gravel; wet;
(Ha[cd]) SP-SM.

Loose to medium dense, gray, trace to slightly
silty, trace of fine gravel to fine gravelly SAND;
wet; (Ha[cd]) SW-SM/SP.

Loose, gray, slightly silty, slightly fine gravelly
SAND to silty SAND, trace of fine gravel; wet;
scattered silty sand seams, scattered
iron-oxide-stained and dark brown layers below
17 feet, trace of organics; (Ha[cd]) SW-SM/SM.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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-  Slightly silty sand layer at 47 feet.

Loose to medium dense, gray, trace of silt to
slightly silty, fine to medium SAND, trace of fine
gravel; wet; (Ha[cd]) SP-SM/SP/SW-SM.

Loose, brown, silty, fine to medium SAND;
moist; (Ha[cd]) SM.

Loose to medium dense, brown and gray, silty,
fine SAND, trace of fine gravel; moist; (Ha[ob])
SM.

Medium dense, brown, fine sandy SILT; moist;
scattered slightly fine sandy to fine sandy silt
layers; (Hf) ML.

Very stiff, brown, silty CLAY, trace of sand and
gravel and medium dense, fine sandy SILT;
moist; trace of organics; (Hf) CL/ML.

Medium dense, brown, slightly clayey, fine
gravelly, silty SAND; moist; iron-oxide mottles,
trace of fine roots; (Hf) SM.
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1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Loose to medium dense, gray, trace of silt to
slightly silty, fine gravelly SAND and sandy
GRAVEL, trace of silt; wet; (Ha[g])
SP-SM/GW/SP.

Medium dense, gray-brown, slightly silty, sandy
GRAVEL; wet; scattered silty, fine sand seams;
(Ha[g]) GP-GM.

Very loose to medium dense, brown and gray,
silty, fine SAND to slightly fine sandy SILT, trace
of clay; wet; (Ha[ob]) SM/ML.

Medium dense, brown, slightly silty, fine gravelly
SAND; moist; scattered silt pockets; (Ha[cd])
SP-SM.

Soft, brown, slightly clayey, fine sandy SILT; wet;
trace of organics; (Ha[ob]) ML.

Loose, mottled brown and gray, fine sandy
SILT, trace of clay; moist; scattered iron-oxide
staining, slightly fine gravelly sand layer at 9.1
feet; (Ha[ob]) ML.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Nonstandard

Medium dense, brown and gray, fine sandy
SILT to silty, fine SAND; moist; slightly gravelly
above 7.5 feet, locally trace of clay, trace of
organics, trace of slightly clayey silt pockets; (Hf)
ML/SM.

WOH

Medium stiff to stiff, brown, trace to slightly
clayey, trace to slightly fine sandy SILT; moist;
faintly laminated, trace of roots, scattered
iron-oxide stains, silty fine sand seams above 20
feet; (Ha[ob]) ML.
Very soft, gray, trace to slightly fine sandy SILT,
trace of clay; wet; scattered silty fine sand seams
and layers; (Ha[ob]) ML.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.

Natural Water Content

Hole Diam.:
Rod Diam.:
Hammer Type:

Mud Rotary
Holocene Drilling
B-61 Mobile Truck

Bentonite Grout

FIG. A-11

Bentonite Chips/Pellets
Standard Penetration Test

CONTINUED NEXT SHEET

S
ym

bo
l

6020 40

SOIL DESCRIPTION

Piezometer Screen and Sand Filter

R
ev

: J
K

N

(blows/foot)

M
A

S
TE

R
_L

O
G

_E
  2

1-
21

19
9.

G
P

J 
 S

H
A

N
_W

IL
.G

D
T 

6/
1/

10

Sheet 1 of 2

63.5 ft.
~

NAD83

SHANNON & WILSON, INC.

Northing:
Easting:
Station:
Offset:

Lo
g:

 E
V

P

Drilling Method:
Drilling Company:
Drill Rig Equipment:
Other Comments:

20 40

S
am

pl
es

3" O.D. Thin-Walled Tube

LOG OF BORING DD17-2 Levee

*

0

5 in.
JWJ

Automatic

60

NP

% Fines (<0.075mm)
% Water ContentBentonite-Cement Grout

LEGEND

~ 531,153 ft.
~ 1,270,679 ft.

~
~

5

10

15

20

25

30

35

40

45

D
ep

th
, f

t.

Skagit River Levee General Investigation
Skagit County, Washington

D
ep

th
, f

t.

3" O.D. Split Spoon Sample

G
ro

un
d

W
at

er

Sample Not Recovered

Geotechnical and Environmental Consultants

Ty
p:

 C
LP

21-1-21199-002June 2010

Refer to the report text for a proper understanding of the
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Soft, gray, slightly clayey to clayey SILT; wet;
scattered wood fragments and scattered to
numerous organics; (Ha[ob]) ML.

Loose to medium dense, gray, trace of silt to
slightly silty, trace of gravel to gravelly SAND;
wet; (Ha[cd]) SP/SW-SM.

Loose, orange-brown, slightly silty, fine to
medium SAND, trace of fine gravel; wet;
iron-oxide-stained; (Ha[cd]) SP-SM.

Interbedded, very loose to loose, brown and
gray, fine sandy SILT to slightly silty and silty,
fine SAND; moist; iron-oxide-stained seams,
laminated, slightly clayey silt layers above 5 feet;
(Ha[ob]) ML/SM/SP-SM.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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subsurface materials and drilling methods.  The stratification lines
indicated below represent the approximate boundaries between
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Nonstandard

Nonstandard

Loose, gray-brown, silty, fine SAND to fine
sandy SILT; moist; laminated, faint
iron-oxide-stained seams, scattered fine sandy
silt layers below 15 feet; (Ha[ob]) SM/ML.

Nonstandard

Nonstandard

Nonstandard

Liquid Limit

Loose, brown, trace to slightly silty, fine SAND;
moist; locally trace of gravel, trace of organics,
scattered silty clay clasts above 5 feet, scattered
fine sandy silt layers below 10 feet; (Hf)
SP-SM/SP.

Loose to medium dense, gravelly SAND, trace
of silt and sandy GRAVEL, trace of silt; wet;
(Ha[g]) SP/GW/SW.

Medium dense, gray, trace to slightly silty, trace
to slightly fine gravelly, fine to medium SAND;
wet; (Ha[cd]) SP/SP-SM.

Loose, gray, silty, fine SAND; moist; (Ha[ob])
SM.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Nonstandard

Very loose to loose, gray, slightly silty to silty, fine
to medium SAND; wet; trace of organics, moist
above 7 feet; (Ha[cd]) SP-SM/SM.

Loose, gray-brown, silty, fine SAND; moist;
scattered roots; (Ha[ob]) SM.

Loose, gray, sandy GRAVEL, trace of silt; wet;
(Ha[g]) GW.

% Water Content

1

Loose to medium dense, gray, trace to slightly
silty, fine to medium SAND; wet; (Ha[cd])
SP/SP-SM.

Loose, gray, trace to slightly gravelly SAND,
trace of silt; wet; (Ha[cd]) SP.

BOTTOM OF BORING
COMPLETED 10/21/2009

Medium dense, gray, silty, fine to medium
SAND; wet; numerous shell fragments; (He)
SM. 12
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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Loose, gray-brown, silty, fine SAND; wet; (Hf)
SM.

Medium dense, gray-brown, silty, sandy
GRAVEL, trace of clay; moist; scattered slightly
clayey pockets; (Hf) GM.

Medium dense, brown, slightly clayey, gravelly,
silty SAND; moist; (Hf) SM.

Loose, gray-brown, silty, fine SAND; moist;
laminated, iron-oxide-stained seams, scattered
silt layers; (Ha[ob]) SM.
Loose, gray-brown, silty, fine SAND; wet;
strongly iron-oxide-stained layers; (Ha[ob]) SM.

Nonstandard

% Water Content

1

Loose, brown, fine sandy SILT to silty, fine
SAND; moist; clayey silt pockets, intermixed,
scattered roots above 13 feet; (Hf) ML/SM.

Loose to medium dense, gray, fine gravelly
SAND, trace of silt; wet; (Ha[g]) SP/SW.

Medium dense, gray, trace to slightly silty, fine to
medium SAND, trace of fine gravel; wet;
(Ha[cd]) SP/SP-SM.

Loose, gray, silty, fine to medium SAND; wet;
(Ha[ob]) SM.
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NOTES
1.  Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2.  The stratification lines represent the approximate boundaries between soil types,
and the transition may be gradual.
3.  The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.
4.  Groundwater level, if indicated above, is for the date specified and may vary.
5.  USCS designation is based on visual-manual classification and selected lab
testing.
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TABLE B‐1: SLUG TEST RESULTS ON LANDWARD WELLS  SHANNON WILSON, INC

Hydraulic Hydraulic
Monitoring Conductivity Conductivity

Well Date Slug Test Type K K
Designation Tested and Number (ft/day) (cm/sec)

11/5/09 Falling Head Test 1 35 1.2E-02
11/5/09 Falling Head Test 2 18 6.5E-03
11/5/09 Falling Head Test 3 25 8.8E-03
11/5/09 Rising Head Test 1 24 8.3E-03
11/5/09 Rising Head Test 2 15 5.3E-03
11/5/09 Rising Head Test 3 72 2.5E-02

Geomean 27 9.6E-03

11/5/09 Falling Head Test 1 20 7.2E-03
11/5/09 Falling Head Test 2 31 1.1E-02
11/5/09 Falling Head Test 3 32 1.1E-02
11/5/09 Rising Head Test 1 42 1.5E-02
11/5/09 Rising Head Test 2 33 1.2E-02
11/5/09 Rising Head Test 3 29 1.0E-02

Geomean 30 1.1E-02

11/5/09 Falling Head Test 1 30 1.1E-02
11/5/09 Falling Head Test 2 27 9.6E-03
11/5/09 Falling Head Test 3 35 1.2E-02
11/5/09 Rising Head Test 1 28 9.9E-03
11/5/09 Rising Head Test 2 33 1.2E-02
11/5/09 Rising Head Test 3 45 1.6E-02

Geomean 33 1.1E-02

DD1-1Landward

DD1-2Landward

DD3-1Landward

11/4/09 Falling Head Test 1 14 4.8E-03
11/4/09 Falling Head Test 2 8 2.7E-03
11/4/09 Falling Head Test 3 10 3.6E-03
11/4/09 Rising Head Test 1 50 1.8E-02
11/4/09 Rising Head Test 2 14 4.8E-03
11/4/09 Rising Head Test 3 41 1.5E-02

Geomean 18 6.2E-03

11/4/09 Falling Head Test 1 27 9.5E-03
11/4/09 Falling Head Test 2 25 8.7E-03
11/4/09 Falling Head Test 3 27 9.5E-03
11/4/09 Rising Head Test 1 25 9.0E-03
11/4/09 Rising Head Test 2 21 7.4E-03
11/4/09 Rising Head Test 3 28 1.0E-02

Geomean 25 9.0E-03

DD17-2Landward

DD17-1Landward
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TABLE B‐1: SLUG TEST RESULTS ON LANDWARD WELLS  SHANNON WILSON, INC

Hydraulic Hydraulic
Monitoring Conductivity Conductivity

Well Date Slug Test Type K K
Designation Tested and Number (ft/day) (cm/sec)

11/5/09 Falling Head Test 1 55 2.0E-02
11/5/09 Falling Head Test 2 58 2.0E-02
11/5/09 Falling Head Test 3 70 2.5E-02
11/5/09 Rising Head Test 1 62 2.2E-02
11/5/09 Rising Head Test 2 57 2.0E-02
11/5/09 Rising Head Test 3 55 1.9E-02

Geomean 59 2.1E-02

11/5/09 Falling Head Test 1 29 1.0E-02
11/5/09 Falling Head Test 2 29 1.0E-02
11/5/09 Falling Head Test 3 26 9.1E-03
11/5/09 Rising Head Test 1 25 8.7E-03
11/5/09 Rising Head Test 2 27 9.4E-03
11/5/09 Rising Head Test 3 26 9.3E-03

Geomean 27 9.5E-03

11/5/09 Falling Head Test 1 29 1.0E-02
11/5/09 Falling Head Test 2 27 9.4E-03
11/5/09 Falling Head Test 3 34 1.2E-02
11/5/09 Rising Head Test 1 36 1.3E-02
11/5/09 Rising Head Test 2 30 1.0E-02
11/5/09 Rising Head Test 3 30 1.1E-02

Geomean 31 1 1E 02

DD17-3Landward

DD22-1Landward

DD22-2Landward

Geomean 31 1.1E-02
ft/day = feet per day
cm/sec = centimeters per second
A geometric mean (geomean) is the n-th root of the product of n numbers. Unlike an arithmetic mean, it tends 
to dampen the effect of very high or low values, which might bias the mean if an arithmetic mean were calculated.
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TABLE B‐2: FALLING HEAD PERCOLATION TEST RESULTS ON LEVEE WELL SHANNON WILSON, INC

Hydraulic Hydraulic
Monitoring Conductivity Conductivity

Well Date Fit Line
Designation Tested Number

Symbol K K
(unit) (ft/day) (cm/sec)

3/11/10 Falling Head Test 1 0.00 2.60E-07
3/12/10 Falling Head Test 2 0.00 9.17E-08

Geomean 0.00 1.54E-07

3/11/10 Falling Head Test 1 0.00 6.96E-07
3/12/10 Falling Head Test 2 0.00 7.89E-08

Geomean 0.00 2.34E-07

3/11/10 Falling Head Test 1 0.01 2.53E-06
3/12/10 Falling Head Test 2 0.00 4.00E-07

Geomean 0.00 1.01E-06

3/11/10 Falling Head Test 1 0.00 2.32E-07
3/12/10 Falling Head Test 2 0.00 1.26E-07

Geomean 0.00 1.71E-07

12/29/09 Fit line 1 0.32 1.08E-04
12/29/09 Fit line 2 0.27 9.50E-05

Geomean 0.30 1.06E-04

3/11/10 Falling Head Test 1 0.02 7.79E-06
3/12/10 Falling Head Test 2 0.03 9.72E-06

Geomean 0.02 8.70E-06

3/11/10 Falling Head Test 1 0.00 6.32E-07
3/12/10 Falling Head Test 2 0.00 2.17E-07
3/12/10 Falling Head Test 2 Fit 2 0.00 5.02E-07

Geomean 0.00 3.70E-07

3/11/10 Falling Head Test 1 0.00 1.03E-06
3/12/10 Falling Head Test 2 0.00 4.91E-07

Geomean 0.00 7.10E-07
ft/day = feet per day

DD1-1Levee

DD22-1Levee

DD22-2Levee

DD1-2Levee

DD3-1Levee

DD17-1Levee

DD17-2Levee

DD17-3Levee

ft/day = feet per day
cm/sec = centimeters per second
A geometric mean (geomean) is the n-th root of the product of n numbers. Unlike an arithmetic mean, it tends 
to dampen the effect of very high or low values, which might bias the mean if an arithmetic mean were calculated.
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We believe that the groundwater readings in November  
(less than 0.04 foot of water is detected by the data logger) are
from water trapped in the well sump from development
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We believe that the groundwater readings in November  
(less than 0.04 foot of water is detected by the data logger) are
from water trapped in the well sump from development
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We believe that the groundwater readings in November  
(less than 0.04 foot of water is detected by the data logger) are
from water trapped in the well sump from development
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We believe that the groundwater readings in November  
(less than 0.04 foot of water is detected by the data logger) are
from water trapped in the well sump from development
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We believe that the groundwater readings in November  
(less than 0.04 foot of water is detected by the data logger) are
from water trapped in the well sump from development
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Table C-l Shannon Wilson, Inc 

Summary of Laboratory Permeability Tests 

Geologic Avg. Hydraulic Reconstituted Sample Figure 

Designation Geologic Description Conductivity (em/sec) Sample (Y/N) Depth (tt) Boring Designation No 

Overbank Deposits Very loose, fine sandy SILT to silty fine SANO, trace fine roots, 

(Ha[ob]) laminated (ML/SM) 7.9xlO-{)6 Yes 5.0/7.5 001-1 Landward C-39 

Overbank Deposits 

(Ha[ob)) 

Loose, interbedded, slightly fine sandy to fine sandy SILT, silty fine 

SAND, & medium stiff organic SILT, with 1/2-inch silty clay seam 

and 7-inch wood fragment (Ml/SM/OL) 2.0xIO~5 No 27.4 

001-1 Levee 

C-40 

EstuaryOeposits 

(He) 

Loose, silty, fine to medium SANO, trace of clay, trace of shell 

fragments (SM) 4.8xlO~7 Yes 40.0 003-1 Landward C-41 

Overbank Oeposits 

(Ha[ob]) 

Fine sandy SILT grading to silty fine SANO, trace offine roots 

(MLjSM) 2.6xlO.()4 No 18.1 003-1 Levee C-42 

Estuary Oeposits 

(He) 

Trace to slightly silty, fine to medium SANO, trace of shell 

fragments, scattered coarse wood fragments (SP-SM/SP) 1.6xlO~3 No 56.1 003-1 Levee C-43 

Channel Deposits 

(Haled]) 

Very loose to loose, silty fine SANO (SM) 
4.1xIO~5 Yes 5.0/7.5 0017-1 Landward C-44 

Overbank Oeposits 

(Ha[ob]) Loose to medium dense, silty fine SAND, trace fine gravel (SM) 5.3xIO.()4 Yes 12.5/15.0 0017-1 Levee C-45 

Overbank Oeposits 

(Ha[ob)) 

Loose, fine sandy SILT, trace of clay (ML) 
3.4xIO~7 No 7.5 0017-2 Landward C-46 

Overbank Deposits 

(Ha[ob» 

Very soft, trace to slightly fine sandy SILT, trace of clay, scattered 

silty fine sand seams and layers (ML) 1.SxIO~5 No 24.5 0017-2 levee C-47 

Overbank Deposits 

(Ha[ob)) 

Very loose to loose, interbedded, fine sandy SILT to slightly silty 

and silty, fine SAND (ML/SM/SP-SM) 3.SxlO-()4 No 5.9 0017-3-landward C-48 

Overbank Oeposits 

(Ha[ob)) Loose, silty fine SAND to fine sandy SILT, laminated (SM/ML) 1.9xlO.()4 Yes 12.5/15.0 0017-3 Levee C-49 

Overbank Deposits 

(Ha[ob)) 

Loose, silty fine SAND, scattered roots (SM) 
4.8xIO-()4 Yes 2.5 0022-1 Landward C-50 

Overbank / Fill Loose, fine sandy SILT to silty fine SAND, clayey silt pockets, 

(Ha[ob] / Hf) scatered roots (MLjSM) / Loose silty fine SAND, scattered silt 10.0/15.0/ 0022-1 Levee 

layers (SM) 1.2xlO-()4 Yes 17.5 C-51 

Overbank Deposits 

(Ha[ob]) 

Very loose, slightly fine sandy to fine sandy SILT, trace of clay to 

soft, slightly clayey SILT (ML) 2.9xIO~5 No 5.3 0022-2 Landward C-52 

Channel Deposits 

(Ha(cd]) 

Loose, silty fine SANO to fine sandy SILT, laminated, scattered 

organics, scattered slightly clayey to clayey seams, slightly silty 

fine sand (SM/ML) 4.7xIO-oS 
No 41.2 

0022-2 Landward 

C-53 

Overbank Deposits 

(Ha[ob]) Medium stiff, clayey SILT, trace of fine sand, scattered organic-rich 

partings, scattered slightly fine sandy silt seams (ML) 2.2xlO-()4 No 18.3 00-22-2 Levee C-54 
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

SOIL
CLASSIFICATION

27

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD1-1 Levee,
S-8

DEPTH
(feet)

U.S.C.S.
SYMBOL

31
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%
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W.C. %

Brown, slightly fine sandy SILT, trace of clay 37.8
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

ML

SOIL
CLASSIFICATION

30

33

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD1-2 Landward,
S-2
DD1-2 Landward,
S-2

DEPTH
(feet)

U.S.C.S.
SYMBOL

35
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LL
%
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%

5

15
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%
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W.C. %

Gray-brown, slightly clayey SILT, trace of fine sand; scattered roots and
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Gray-brown, slightly clayey SILT; scattered organics
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BORING AND
SAMPLE NO.
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CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

ML

SOIL
CLASSIFICATION

NP

35

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD1-2 Levee,
S-5
DD1-2 Levee,
S-6

DEPTH
(feet)

U.S.C.S.
SYMBOL

NP

42
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%

PL
%

NP
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%
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W.C. %

Brown, fine sandy SILT

Brown, slightly fine sandy SILT, trace of clay
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

SOIL
CLASSIFICATION

28

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD3-1 Levee,
S-6

DEPTH
(feet)

U.S.C.S.
SYMBOL

31
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%
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%
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%
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W.C. %

Brown, slightly clayey SILT, trace of fine sand 38.4
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
CL

SOIL
CLASSIFICATION

20

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD17-1 Levee,
S-2

DEPTH
(feet)

U.S.C.S.
SYMBOL

33
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%
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W.C. %

Brown, silty CLAY, trace of sand and fine gravel 20.5
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

SOIL
CLASSIFICATION

23

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD17-2
Landward, S-4

DEPTH
(feet)

U.S.C.S.
SYMBOL
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%
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%
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%
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W.C. %

Brown, slightly clayey, fine sandy SILT 24.3
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

ML

SOIL
CLASSIFICATION

29

NP

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD17-2 Levee,
S-8
DD17-2 Levee,
S-11

DEPTH
(feet)

U.S.C.S.
SYMBOL

37
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8
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W.C. %

Brown, slightly fine sandy, slightly clayey SILT
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

SOIL
CLASSIFICATION

37

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD17-3
Landward, S-14

DEPTH
(feet)

U.S.C.S.
SYMBOL
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W.C. %

Gray, slightly clayey SILT 43.2
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BORING AND
SAMPLE NO.
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CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
MH

ML

ML

SOIL
CLASSIFICATION

40

34

37

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD17-3 Levee,
S-17
DD17-3 Levee,
S-17
DD17-3 Levee,
S-17

DEPTH
(feet)

U.S.C.S.
SYMBOL

60

NP
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LL
%

PL
%
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%

NAT.
W.C. %

Gray, clayey SILT

Gray SILT; scattered organics

Gray, slightly clayey SILT; scattered organics
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BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

SOIL
CLASSIFICATION

33

Geotechnical and Environmental Consultants

Low plasticity inorganic
clays; sandy and silty
clays

High plasticity inorganic
clays

Inorganic and organic silts
and clayey silts of low
plasticity

Inorganic and organic silts
and clayey silts of high
plasticity

Silty clays and clayey silts

DD22-2
Landward, S-2

DEPTH
(feet)

U.S.C.S.
SYMBOL
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%

NAT.
W.C. %

Gray, slightly clayey SILT; scattered organics

P
L
A

S
T

IC
IT

Y
 I
N

D
E

X
 -

 P
I 
(%

)

SHANNON & WILSON, INC.

PLASTICITY CHART
BORING DD22-2 Landward

PASS.
#200,%

LEGEND

F
IG

. C
-1

0 FIG. C-10

TEST
BY

JJM

SMPL
PREP.

 

CKD
BY

ARM

NOTES
AD     Sample air dried before testing
ND     Sample not air dried

ND

ND

ND

ND

ND

ND

ND

6.4

21-1-21199-002



0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90 100 110

LIQUID LIMIT - LL (%)

A
A

S
H

T
O

_
A

T
T

_
M

A
IN

  L
O

C
A

L
 2

1
-2

1
1
9
9
.G

P
J
  S

H
A

N
_
W

IL
.G

D
T

  6
/1

/1
0

June 2010

BORING AND
SAMPLE NO.

CL:

CH:

ML or OL:

MH or OH:

CL-ML:

CHCL

ML or OLCL-ML MH or OH

Skagit River Levee General Investigation

Skagit County, Washington
ML

ML

ML

SOIL
CLASSIFICATION

NP

29

31
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GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD17-3 Levee, S-17, 62.9'

FIG. C-34 (1/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 1
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Boring DD17-3 Levee
Sample S-17
Depth, ft 62.9

Tested By / Date AKV 12/3/2009
Calc. By / Date AKV 1/6/2010
Check By / Date  ______________

CLASSIFICATION: SPECIMEN DATA:

SAMPLE DATA:

Gray, slightly clayey, SILT; scattered organics;

:Spec. Grav. (est.)   2.70
:Specimen UNDISTURBED

Before
Test______

:Height, inches   .786
:Diameter, inches  2.503
:Wet Density, pcf  106.9
:Dry Density, pcf   73.9
:Water Content, %   44.7
:Void Ratio  1.280
:Saturation, %     94

After
Test______

  .632
 2.503
 123.4
  91.6
  34.7
  .834
   112

Spec
Load

kg

 
d 100

0.01mm

Defl
Corr

0.01mm

Consol
Pressure

tsf

 
Settlement

%

 
Void

Ratio

 
t 50
min.

 
d 50

0.01mm

Coeff of
Consol

cm2/sec

Coeff of
Perm

cm/sec

      .1       .9       .6      .03       .0    1.280       .3       .8 1.09E-02
      .2      4.7      1.8      .06       .1    1.277       .2      4.1 1.63E-02 6.36E-07
      .4     11.9      3.8      .13       .4    1.271       .2     11.0 1.62E-02 6.57E-07
      .8     22.4      6.7      .26       .8    1.263       .2     21.4 1.61E-02 4.78E-07
     1.6     36.7     10.6      .52      1.3    1.251       .2     35.4 1.60E-02 3.23E-07
     3.2     57.0     15.0     1.03      2.1    1.233       .2     55.1 1.57E-02 2.42E-07
     6.4     89.0     19.8     2.06      3.5    1.202       .2     85.3 1.53E-02 2.02E-07
    12.8    148.6     26.3     4.13      6.1    1.141       .2    139.3 1.46E-02 1.87E-07
     3.2    144.2     20.8     1.03      6.2    1.140       .1    145.3 2.88E-02
      .8    122.2     14.7      .26      5.4    1.158       .2    126.1 1.46E-02
      .2    101.7     10.9      .06      4.5    1.177       .2    107.3 1.48E-02
      .8    105.0     13.0      .26      4.6    1.176       .2    104.0 1.49E-02 4.36E-08
     3.2    128.7     19.1     1.03      5.5    1.155       .2    127.1 1.46E-02 1.67E-07
    12.8    172.5     26.2     4.13      7.3    1.114       .2    167.5 1.41E-02 8.37E-08
    25.6    243.7     32.0     8.26     10.6    1.039       .2    231.8 1.32E-02 1.05E-07
    51.2    341.8     39.7    16.52     15.1     .936       .2    327.7 1.20E-02 6.57E-08
   102.4    449.3     34.0    33.04     20.8     .806       .2    432.8 1.05E-02 3.59E-08
    25.6    449.3     25.6     8.26     21.2     .797       .2    450.0 1.01E-02
     6.4    428.5     19.2     2.06     20.5     .813       .2    430.6 1.03E-02
     1.6    406.4     15.6      .52     19.6     .834       .2    410.4 1.05E-02
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SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD17-3 Levee, S-17, 62.9'

FIG. C-34 (2/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 1

VOID RATIO VS LOG10(CONSOLIDATION PRESSURE)
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SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD17-3 Levee, S-17, 62.9'

FIG. C-34 (3/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 1

SETTLEMENT VS LOG10(CONSOLIDATION PRESSURE)
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SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD22-2 Landward, S-2, 6.4'

FIG. C-35 (1/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 2

S U M M A R Y  O F  T E S T  D A T A
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Boring DD22-2 Landward
Sample S-2
Depth, ft 6.4

Tested By / Date AKV 12/10/2009
Calc. By / Date AKV   1/6/2010
Check By / Date  ______________

CLASSIFICATION: SPECIMEN DATA:

SAMPLE DATA:

Gray, slightly clayey SILT; ML

:Spec. Grav. (est.)   2.70
:Specimen UNDISTURBED

Before
Test______

:Height, inches   .788
:Diameter, inches  2.502
:Wet Density, pcf  108.0
:Dry Density, pcf   73.3
:Water Content, %   47.5
:Void Ratio  1.298
:Saturation, %     99

After
Test______

  .664
 2.502
 118.3
  86.8
  36.4
  .938
   104

Spec
Load

kg

 
d 100

0.01mm

Defl
Corr

0.01mm

Consol
Pressure

tsf

 
Settlement

%

 
Void

Ratio

 
t 50
min.

 
d 50

0.01mm

Coeff of
Consol

cm2/sec

Coeff of
Perm

cm/sec

      .1      2.0       .6      .03       .1    1.298       .2      1.4 2.05E-02
      .2      8.7      1.8      .06       .3    1.292       .2      6.5 1.42E-02 1.22E-06
      .4     20.5      3.8      .13       .8    1.281       .2     17.0 1.62E-02 1.23E-06
      .8     37.8      6.7      .26      1.6    1.264       .2     32.6 1.60E-02 8.91E-07
     1.6     63.7     10.6      .52      2.7    1.239       .2     57.0 1.57E-02 6.69E-07
     3.2    100.3     15.0     1.03      4.3    1.202       .3     91.4 9.81E-03 3.06E-07
     6.4    154.2     19.8     2.07      6.7    1.146       .2    141.2 1.81E-02 4.30E-07
    12.8    225.9     26.3     4.13     10.0    1.071       .2    208.9 1.70E-02 2.68E-07
     3.2    224.6     20.8     1.03     10.2    1.066       .2    225.7 1.56E-02
      .8    205.1     14.7      .26      9.5    1.081       .2    210.5 1.57E-02
      .2    186.2     10.9      .06      8.8    1.099       .3    193.2 9.70E-03
      .8    187.7     13.0      .26      8.7    1.099       .2    185.8 1.61E-02 2.37E-08
     3.2    208.9     19.1     1.03      9.5    1.082       .1    204.8 1.93E-02 1.89E-07
    12.8    250.1     26.2     4.13     11.2    1.043       .2    243.6 1.63E-02 8.95E-08
    25.6    312.8     32.0     8.27     14.0     .977       .2    297.4 1.46E-02 1.00E-07
    51.2    394.4     39.7    16.53     17.7     .892       .2    398.0 1.23E-02 5.50E-08
    12.8    395.5     34.0     4.13     18.1     .885       .2    396.4 1.38E-02
     3.2    375.4     25.6     1.03     17.5     .898       .2    379.0 1.39E-02
      .8    351.9     19.2      .26     16.6     .918       .3    359.8 7.81E-03
      .2    330.3     15.6      .06     15.7     .938       .6    337.6 3.92E-03
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SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD22-2 Landward, S-2, 6.4'

FIG. C-35 (2/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 2

VOID RATIO VS LOG10(CONSOLIDATION PRESSURE)
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SHANNON & WILSON, INC.
GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

Skagit River Levee General Investigation
Skagit County, WA

June 2010                             21-1-21199-002

CONSOLIDATION TEST
DD22-2 Landward, S-2, 6.4'

FIG. C-35 (3/3)

ONE DIMENSIONAL CONSOLIDATION TEST NO. 2

SETTLEMENT VS LOG10(CONSOLIDATION PRESSURE)
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Boring Tested By/Date AKV 12/10/2009
Sample Calc. By/Date AKV 1/10/2010

Depth (ft) Checked By/Date JFL 1/29/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 5.725 5.703 5.415
Diameter, inches 2.5845 2.5845

B-value at end of saturation phase 1.00 Aspect Ratio 2.22 2.21
Consolidation Stress, psf 2506 Weight, grams 828.85 787.74 787.74

Cell pressure during shear, psf 6480 Water 46.5% 39.2% 39.2%
Initial Pore Pressure(U0), psf 3963 Wet Density, pcf 105.1 100.3 100.3

Shear Rate, in/min 0.0035 Dry Density, pcf 71.7 72.0 72.0

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0016 861 429 2937 2076 1.41 2936 2507 430
0.0033 1346 739 3113 1767 1.76 3179 2440 673
0.0050 1618 918 3205 1587 2.02 3314 2396 809
0.0066 1866 1028 3343 1478 2.26 3438 2410 933
0.0083 2067 1108 3465 1398 2.48 3539 2431 1033
0.0100 2205 1168 3543 1338 2.65 3608 2440 1103
0.0116 2292 1228 3570 1278 2.79 3651 2424 1146
0.0133 2417 1267 3655 1238 2.95 3714 2447 1209
0.0150 2497 1297 3706 1208 3.07 3754 2457 1249
0.0167 2588 1307 3787 1198 3.16 3800 2492 1294
0.0183 2657 1317 3845 1188 3.24 3834 2516 1328
0.0200 2725 1347 3883 1158 3.35 3868 2521 1362
0.0217 2736 1347 3894 1158 3.36 3873 2526 1368
0.0233 2792 1387 3911 1118 3.50 3902 2514 1396
0.0250 2803 1387 3922 1118 3.51 3907 2520 1402
0.0266 2859 1377 3987 1128 3.53 3935 2558 1430
0.0283 2909 1397 4018 1108 3.63 3960 2563 1455
0.0300 2926 1417 4014 1088 3.69 3969 2551 1463
0.0316 2942 1397 4050 1108 3.65 3977 2579 1471
0.0333 2992 1407 4090 1098 3.72 4001 2594 1496
0.0350 3002 1417 4091 1088 3.76 4007 2590 1501
0.0366 3024 1427 4102 1078 3.80 4018 2590 1512
0.0383 2990 1437 4058 1068 3.80 4001 2563 1495
0.0400 3039 1437 4108 1068 3.84 4025 2588 1520
0.0417 3066 1447 4124 1058 3.90 4039 2591 1533
0.0433 3087 1437 4156 1068 3.89 4049 2612 1544
0.0450 3098 1447 4156 1058 3.93 4055 2607 1549
0.0467 3086 1437 4155 1068 3.89 4049 2611 1543
0.0483 3096 1447 4155 1058 3.93 4054 2607 1548
0.0500 3079 1457 4127 1048 3.94 4045 2588 1539

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 1a

Gray-brown, slightly clayey SILT; scattered organics; ML

SUMMARY OF TEST DATA

DD17-3 Levee
S-17
63.3

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-36 (1/8)

Skagit River Levees General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Boring DD17-3 Levee Tested By/Date AKV 12/10/2009
Sample Calc. By/Date AKV 1/10/2010

Depth (ft) Checked By/Date JFL 1/29/2010

Effective Stress at end-of-consolidation, psf 2506
Cell pressure during shear, psf 6480

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 1a

S-17
63.3
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FIG. C-36 (2/8)

June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

Skagit River Levees General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Boring Tested By/Date AKV 12/11/2009
Sample Calc. By/Date AKV 1/10/2010

Depth (ft) Checked By/Date JFL 1/29/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 5.415 5.462 5.175
Diameter, inches 2.652 2.652

B-value at end of saturation phase 1.00 Aspect Ratio 2.04 2.06
Consolidation Stress, psf 4997 Weight, grams 780.05 787.74 787.74

Cell pressure during shear, psf 8971 Water 37.9% 39.2% 39.2%
Initial Pore Pressure(U0), psf 4030 Wet Density, pcf 99.3 99.4 99.4

Shear Rate, in/min 0.0035 Dry Density, pcf 72.0 71.4 71.4

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0017 1199 679 5518 4318 1.28 5596 4918 600
0.0035 2051 1317 5731 3679 1.56 6022 4705 1026
0.0053 2710 1727 5980 3270 1.83 6352 4625 1355
0.0070 3089 1986 6100 3011 2.03 6541 4555 1545
0.0088 3370 2186 6181 2811 2.20 6682 4496 1685
0.0106 3601 2335 6262 2661 2.35 6797 4462 1800
0.0124 3718 2455 6259 2542 2.46 6856 4401 1859
0.0141 3974 2535 6436 2462 2.61 6984 4449 1987
0.0159 4074 2635 6436 2362 2.72 7034 4399 2037
0.0176 4205 2695 6507 2302 2.83 7100 4405 2103
0.0194 4277 2745 6529 2252 2.90 7135 4391 2139
0.0212 4349 2795 6551 2202 2.97 7171 4377 2174
0.0229 4447 2844 6599 2152 3.07 7220 4376 2223
0.0247 4550 2874 6672 2122 3.14 7272 4397 2275
0.0265 4636 2914 6719 2083 3.23 7315 4401 2318
0.0282 4680 2944 6733 2053 3.28 7337 4393 2340
0.0300 4729 2974 6752 2023 3.34 7361 4387 2365
0.0318 4741 3004 6733 1993 3.38 7367 4363 2370
0.0336 4794 3024 6767 1973 3.43 7394 4370 2397
0.0353 4806 3054 6749 1943 3.47 7400 4346 2403
0.0371 4823 3044 6775 1953 3.47 7408 4364 2411
0.0388 4818 3074 6741 1923 3.51 7406 4332 2409
0.0406 4871 3094 6774 1903 3.56 7432 4338 2436
0.0424 4856 3094 6759 1903 3.55 7425 4331 2428
0.0441 4862 3124 6735 1873 3.60 7428 4304 2431
0.0459 4878 3144 6731 1853 3.63 7436 4292 2439
0.0477 4707 3144 6560 1853 3.54 7350 4206 2353
0.0495 4900 3134 6762 1863 3.63 7447 4313 2450
0.0512 4941 3144 6794 1853 3.67 7468 4324 2471
0.0526 4866 3144 6719 1853 3.63 7430 4286 2433

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 1b

Gray-brown, slightly clayey SILT; scattered organics; ML

SUMMARY OF TEST DATA

DD17-3 Levee
S-17
63.3

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-36 (3/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Boring DD17-3 Levee Tested By/Date AKV 12/11/2009
Sample Calc. By/Date AKV 1/10/2010

Depth (ft) Checked By/Date JFL 1/29/2010

Effective Stress at end-of-consolidation, psf 4997
Cell pressure during shear, psf 8971

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 1b

S-17
63.3
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FIG. C-36 (4/8)SHANNON & WILSON, INC.
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Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Boring Tested By/Date AKV 12/11/2009
Sample Calc. By/Date AKV 1/11/2010

Depth (ft) Checked By/Date JFL 1/29/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 5.415 5.455 4.361
Diameter, inches 2.7252 2.7252

B-value at end of saturation phase 1.00 Aspect Ratio 1.99 2.00
Consolidation Stress, psf 9994 Weight, grams 738.85 787.74 787.74

Cell pressure during shear, psf 13968 Water 30.6% 39.2% 39.2%
Initial Pore Pressure(U0), psf 4487 Wet Density, pcf 89.1 94.3 94.3

Shear Rate, in/min 0.0035 Dry Density, pcf 68.2 67.7 67.7

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0067 4937 3413 11518 6580 1.75 12462 9049 2469
0.0134 6560 4751 11803 5243 2.25 13274 8523 3280
0.0201 7263 5320 11937 4674 2.55 13625 8305 3631
0.0268 7693 5619 12068 4375 2.76 13840 8221 3847
0.0335 7922 5809 12107 4185 2.89 13955 8146 3961
0.0402 8062 5918 12137 4075 2.98 14025 8106 4031
0.0469 8165 5998 12160 3995 3.04 14076 8078 4083
0.0536 8247 6058 12182 3936 3.10 14117 8059 4123
0.0603 8283 6098 12178 3896 3.13 14135 8037 4141
0.0670 8244 6118 12119 3876 3.13 14116 7998 4122
0.0737 8292 6148 12137 3846 3.16 14139 7992 4146
0.0804 8299 6168 12125 3826 3.17 14143 7976 4150
0.0871 8279 6178 12095 3816 3.17 14133 7955 4139
0.0938 8205 6168 12031 3826 3.14 14096 7928 4103
0.1005 8113 6168 11939 3826 3.12 14050 7882 4056
0.1072 8003 6158 11839 3836 3.09 13995 7837 4001
0.1139 7737 6148 11583 3846 3.01 13862 7714 3869
0.1206 7212 6198 11008 3796 2.90 13600 7402 3606
0.1273 6905 6268 10631 3726 2.85 13446 7178 3452
0.1340 6611 6348 10257 3646 2.81 13299 6951 3305
0.1407 6352 6397 9948 3596 2.77 13170 6772 3176
0.1474 6158 6447 9704 3546 2.74 13072 6625 3079
0.1540 5970 6497 9467 3496 2.71 12979 6482 2985
0.1608 5815 6527 9281 3467 2.68 12901 6374 2907
0.1675 5713 6567 9140 3427 2.67 12850 6283 2857
0.1742 5583 6577 8999 3417 2.63 12785 6208 2791
0.1809 5509 6617 8885 3377 2.63 12748 6131 2754
0.1876 5418 6637 8775 3357 2.61 12703 6066 2709
0.1943 5333 6647 8679 3347 2.59 12660 6013 2666
0.2006 5205 6657 8542 3337 2.56 12596 5939 2603

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 1c

Gray-brown, slightly clayey SILT; scattered organics

SUMMARY OF TEST DATA

DD17-3 Levee
S-17
63.3

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-36 (5/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Boring DD17-3 Levee Tested By/Date AKV 12/11/2009
Sample Calc. By/Date AKV 1/11/2010

Depth (ft) Checked By/Date JFL 1/29/2010

Effective Stress at end-of-consolidation, psf 9994
Cell pressure during shear, psf 13968

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 1c
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Skagit River Levee General Investigation

CU TRIAXIAL  TEST

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'
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Notes:

1. Mohr's circles plotted here are based upon effective stresses computed from 
TXCU testing.

2.

3. psf = pounds per square foot

Mohr's circles in this plot are based upon the maxium principal stress ratio 

observed during loading.

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-36 (7/8)

Skagit River Levees General Investigation
Skagit County, Washington

MOHR'S CIRCLES PLOT

Boring DD17-3 Levee, Depth= 63.3'F
IG
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Notes:

Effective stress paths plotted here are computed from results of triaxial TXCU testing

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-36 (8/8)

Skagit River Levees General Investigation

STRESS PATHS PLOT

Skagit County, Washington

Boring DD17-3 Levee, Depth= 63.3'F
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Boring Tested By/Date AKV 12/29/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 4.891 4.851 4.660
Diameter, inches 2.4652 2.4652

B-value at end of saturation phase 1.00 Aspect Ratio 1.98 1.97
Consolidation Stress, psf 576 Weight, grams 652.89 632.41 632.41

Cell pressure during shear, psf 4608 Water 45.7% 41.1% 41.1%
Initial Pore Pressure(U0), psf 4037 Wet Density, pcf 106.5 104.0 104.0

Shear Rate, in/min 0.0035 Dry Density, pcf 73.1 73.7 73.7

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0013 88 100 564 476 1.18 620 520 44
0.0025 251 130 697 446 1.56 701 572 125
0.0039 281 170 688 406 1.69 717 547 141
0.0051 375 180 771 396 1.95 763 584 187
0.0065 436 200 813 376 2.16 794 595 218
0.0077 466 210 833 366 2.27 809 600 233
0.0091 427 210 794 366 2.17 790 580 214
0.0103 420 220 776 356 2.18 786 566 210
0.0117 506 230 853 346 2.46 829 599 253
0.0129 530 230 876 346 2.53 841 611 265
0.0143 559 230 906 346 2.61 856 626 280
0.0155 626 230 973 346 2.81 889 660 313
0.0169 674 239 1011 337 3.00 913 674 337
0.0181 679 239 1016 337 3.02 916 676 340
0.0195 708 239 1045 337 3.11 930 691 354
0.0207 670 250 996 326 3.05 911 661 335
0.0221 742 230 1089 346 3.14 947 718 371
0.0233 759 230 1106 346 3.19 956 726 380
0.0247 751 230 1098 346 3.17 952 722 376
0.0259 706 239 1043 337 3.10 929 690 353
0.0273 748 230 1094 346 3.16 950 720 374
0.0285 777 220 1133 356 3.18 964 745 388
0.0299 781 239 1118 337 3.32 967 727 391
0.0311 755 230 1101 346 3.18 953 724 377
0.0325 796 239 1132 337 3.36 974 734 398
0.0337 825 230 1171 346 3.38 988 759 412
0.0351 756 220 1112 356 3.12 954 734 378
0.0363 858 220 1214 356 3.41 1005 785 429
0.0377 832 220 1188 356 3.33 992 772 416
0.0389 854 220 1210 356 3.40 1003 783 427

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 2a

Gray, slightly clayey SILT; trace organics; ML

SUMMARY OF TEST DATA

DD1-2 Landward
S-2
6.2

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-37 (1/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Boring DD1-2 Landward Tested By/Date AKV 12/29/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

Effective Stress at end-of-consolidation, psf 576
Cell pressure during shear, psf 4608

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 2a

S-2
6.2
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June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Boring Tested By/Date AKV 12/30/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 4.660 4.712 4.479
Diameter, inches 2.5162 2.5162

B-value at end of saturation phase 1.00 Aspect Ratio 1.85 1.87
Consolidation Stress, psf 1152 Weight, grams 647.29 632.41 632.41

Cell pressure during shear, psf 5184 Water 44.5% 41.1% 41.1%
Initial Pore Pressure(U0), psf 3878 Wet Density, pcf 106.4 102.8 102.8

Shear Rate, in/min 0.0035 Dry Density, pcf 73.6 72.8 72.8

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0016 435 210 1378 942 1.46 1370 1160 218
0.0033 646 299 1498 853 1.76 1475 1175 323
0.0050 716 359 1509 793 1.90 1510 1151 358
0.0067 859 399 1611 753 2.14 1581 1182 429
0.0083 923 429 1645 723 2.28 1613 1184 461
0.0100 1028 439 1741 713 2.44 1666 1227 514
0.0116 1092 459 1785 693 2.58 1698 1239 546
0.0133 1131 489 1794 663 2.71 1717 1228 565
0.0149 1176 499 1829 653 2.80 1740 1241 588
0.0166 1221 499 1874 653 2.87 1762 1263 610
0.0183 1230 509 1873 643 2.91 1767 1258 615
0.0200 1268 509 1911 643 2.97 1786 1277 634
0.0217 1295 529 1918 623 3.08 1799 1270 647
0.0233 1304 519 1937 633 3.06 1804 1285 652
0.0250 1336 529 1959 623 3.14 1820 1291 668
0.0266 1362 529 1986 623 3.19 1833 1304 681
0.0283 1389 529 2012 623 3.23 1846 1317 694
0.0299 1374 539 1987 613 3.24 1839 1300 687
0.0316 1347 529 1970 623 3.16 1825 1297 673
0.0333 1402 539 2015 613 3.29 1853 1314 701
0.0350 1405 539 2018 613 3.29 1854 1316 702
0.0367 1419 519 2052 633 3.24 1862 1343 710
0.0383 1404 539 2017 613 3.29 1854 1315 702
0.0400 1436 549 2039 603 3.38 1870 1321 718
0.0416 1432 539 2045 613 3.34 1868 1329 716
0.0433 1435 549 2038 603 3.38 1869 1320 717
0.0449 1454 539 2068 613 3.37 1879 1340 727
0.0466 1451 539 2064 613 3.37 1877 1339 725
0.0483 1470 539 2084 613 3.40 1887 1348 735
0.0496 1416 539 2029 613 3.31 1860 1321 708

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 2b

Gray, slightly clayey SILT; trace of organics; ML

SUMMARY OF TEST DATA

DD1-2 Landward
S-2
6.2

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-37 (3/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Boring DD1-2 Landward Tested By/Date AKV 12/30/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

Effective Stress at end-of-consolidation, psf 1152
Cell pressure during shear, psf 5184

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 2b
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6.2
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FIG. C-37 (4/8)

June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Boring Tested By/Date AKV 12/31/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 4.479 4.520 3.454
Diameter, inches 2.5812 2.5812

B-value at end of saturation phase 1.00 Aspect Ratio 1.74 1.75
Consolidation Stress, psf 2304 Weight, grams 637.89 632.41 632.41

Cell pressure during shear, psf 6336 Water 42.4% 41.1% 41.1%
Initial Pore Pressure(U0), psf 3838 Wet Density, pcf 103.7 101.8 101.8

Shear Rate, in/min 0.0035 Dry Density, pcf 72.8 72.2 72.2

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0079 1725 988 3041 1316 2.31 3166 2178 862
0.0157 2149 1208 3246 1096 2.96 3379 2171 1075
0.0236 2331 1307 3327 997 3.34 3469 2162 1165
0.0314 2409 1337 3375 967 3.49 3508 2171 1204
0.0393 2496 1347 3452 957 3.61 3552 2205 1248
0.0472 2575 1337 3542 967 3.66 3592 2254 1288
0.0550 2594 1347 3550 957 3.71 3601 2254 1297
0.0629 2649 1337 3616 967 3.74 3629 2291 1325
0.0708 2703 1327 3679 977 3.77 3655 2328 1351
0.0787 2723 1327 3700 977 3.79 3666 2338 1362
0.0865 2744 1297 3750 1007 3.73 3676 2378 1372
0.0944 2779 1287 3795 1017 3.73 3693 2406 1389
0.1022 2771 1297 3778 1007 3.75 3690 2392 1386
0.1101 2794 1277 3820 1027 3.72 3701 2423 1397
0.1180 2811 1277 3837 1027 3.74 3709 2432 1405
0.1258 2746 1257 3793 1047 3.62 3677 2420 1373
0.1337 2782 1247 3839 1057 3.63 3695 2448 1391
0.1416 2817 1247 3873 1057 3.67 3712 2465 1408
0.1494 2822 1208 3918 1096 3.57 3715 2507 1411
0.1573 2801 1208 3897 1096 3.55 3704 2497 1400
0.1652 2809 1178 3935 1126 3.49 3709 2531 1405
0.1730 2778 1188 3895 1116 3.49 3693 2506 1389
0.1809 2771 1178 3897 1126 3.46 3690 2512 1386
0.1888 2768 1178 3895 1126 3.46 3688 2511 1384
0.1966 2761 1188 3877 1116 3.47 3684 2497 1380
0.2045 2753 1178 3879 1126 3.44 3680 2503 1376
0.2123 2730 1188 3847 1116 3.45 3669 2482 1365
0.2202 2703 1178 3829 1126 3.40 3655 2478 1351
0.2281 2676 1178 3802 1126 3.38 3642 2464 1338
0.2358 2605 1168 3742 1136 3.29 3607 2439 1303

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 2c

Gray, slightly clayey SILT; trace of organics; ML

SUMMARY OF TEST DATA

DD1-2 Landward
S-2
6.2

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-37 (5/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Boring DD1-2 Landward Tested By/Date AKV 12/31/2009
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/10/2010

Effective Stress at end-of-consolidation, psf 2304
Cell pressure during shear, psf 6336

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 2c
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June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants
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Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'
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Notes:

1. Mohr's circles plotted here are based upon effective stresses computed from 
TXCU testing.

2.

3. psf = pounds per square foot

Mohr's circles in this plot are based upon the maxium principal stress ratio 

observed during loading.

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-37 (7/8)

Skagit River Levee General Investigation
Skagit County, Washington

MOHR'S CIRCLES PLOT

Boring DD1-2 Landward, Depth= 6.2'F
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Notes:

Effective stress paths plotted here are computed from results of triaxial TXCU testing

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-37 (8/8)

Skagit River Levee General Investigation

STRESS PATHS PLOT

Skagit County, Washington

Boring DD1-2 Landward, Depth= 6.2'F
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Boring Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 6.076 5.839 5.518
Diameter, inches 2.5337 2.5337

B-value at end of saturation phase 0.99 Aspect Ratio 2.40 2.30
Consolidation Stress, psf 576 Weight, grams 884.08 856.08 856.08

Cell pressure during shear, psf 4680 Water 41.1% 36.7% 36.7%
Initial Pore Pressure(U0), psf 4118 Wet Density, pcf 109.9 110.8 110.8

Shear Rate, in/min 0.0035 Dry Density, pcf 77.9 81.1 81.1

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0019 376 140 812 436 1.86 764 624 188
0.0037 469 180 866 396 2.18 811 631 235
0.0056 557 220 913 356 2.56 854 635 278
0.0074 632 220 988 356 2.77 892 672 316
0.0093 695 210 1061 366 2.90 923 714 347
0.0112 740 210 1106 366 3.02 946 736 370
0.0131 814 210 1181 366 3.22 983 774 407
0.0149 894 200 1271 376 3.38 1023 824 447
0.0168 933 190 1319 386 3.41 1042 853 466
0.0186 1018 180 1415 396 3.57 1085 905 509
0.0205 1097 170 1504 406 3.70 1125 955 549
0.0224 1147 150 1573 426 3.69 1150 1000 574
0.0243 1208 160 1624 416 3.90 1180 1020 604
0.0261 1263 150 1689 426 3.96 1208 1058 632
0.0280 1318 130 1764 446 3.95 1235 1105 659
0.0298 1378 120 1834 456 4.02 1265 1145 689
0.0317 1438 110 1904 466 4.09 1295 1185 719
0.0336 1487 100 1963 476 4.12 1319 1219 743
0.0354 1564 90 2050 486 4.22 1358 1268 782
0.0373 1606 80 2102 496 4.24 1379 1299 803
0.0392 1636 80 2132 496 4.30 1394 1314 818
0.0410 1695 70 2201 506 4.35 1423 1354 847
0.0429 1736 40 2273 536 4.24 1444 1404 868
0.0448 1772 30 2318 546 4.25 1462 1432 886
0.0466 1802 20 2358 556 4.24 1477 1457 901
0.0485 1848 20 2404 556 4.32 1500 1480 924
0.0504 1901 20 2456 556 4.42 1526 1506 950
0.0523 1930 0 2506 576 4.35 1541 1541 965
0.0541 1931 -30 2537 606 4.19 1541 1571 965
0.0549 1974 -10 2560 586 4.37 1563 1573 987

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 3a

Gray-brown, slightly clayey SILT; scattered organics; ML

SUMMARY OF TEST DATA

DD22-2 Levee
S-7
18.6

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-38 (1/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Boring DD22-2 Levee Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

Effective Stress at end-of-consolidation, psf 576
Cell pressure during shear, psf 4680

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 3a

S-7
18.6
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FIG. C-38 (2/8)
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

June 2010                             21-1-21199-002

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Boring Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 5.518 5.628 5.338
Diameter, inches 2.6082 2.6082

B-value at end of saturation phase 0.99 Aspect Ratio 2.12 2.16
Consolidation Stress, psf 1152 Weight, grams 881.48 856.08 856.08

Cell pressure during shear, psf 5256 Water 40.7% 36.7% 36.7%
Initial Pore Pressure(U0), psf 4128 Wet Density, pcf 113.9 108.4 108.4

Shear Rate, in/min 0.0035 Dry Density, pcf 80.9 79.4 79.4

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0017 529 249 1432 903 1.59 1417 1167 265
0.0034 758 339 1571 813 1.93 1531 1192 379
0.0052 959 359 1751 793 2.21 1631 1272 479
0.0069 1119 389 1881 763 2.47 1711 1322 559
0.0087 1256 379 2029 773 2.62 1780 1401 628
0.0104 1381 379 2154 773 2.79 1843 1463 691
0.0121 1495 369 2278 783 2.91 1900 1530 748
0.0139 1653 369 2436 783 3.11 1979 1609 827
0.0156 1783 339 2596 813 3.19 2043 1704 891
0.0173 1918 329 2741 823 3.33 2111 1782 959
0.0190 2013 329 2836 823 3.45 2159 1829 1007
0.0208 2108 309 2951 843 3.50 2206 1897 1054
0.0225 2159 309 3002 843 3.56 2231 1922 1079
0.0242 2220 299 3073 853 3.60 2262 1963 1110
0.0260 2309 289 3172 863 3.68 2307 2017 1155
0.0277 2403 289 3265 863 3.79 2353 2064 1201
0.0294 2436 299 3289 853 3.86 2370 2071 1218
0.0312 2480 279 3353 873 3.84 2392 2113 1240
0.0329 2475 249 3377 903 3.74 2389 2140 1237
0.0347 2551 259 3443 893 3.86 2427 2168 1275
0.0364 2611 259 3503 893 3.93 2457 2198 1305
0.0381 2643 249 3546 903 3.93 2474 2224 1322
0.0398 2681 230 3604 922 3.91 2493 2263 1341
0.0416 2708 230 3630 922 3.94 2506 2276 1354
0.0433 2713 219 3645 933 3.91 2508 2289 1356
0.0450 2740 210 3682 942 3.91 2522 2312 1370
0.0468 2760 190 3723 962 3.87 2532 2343 1380
0.0485 2808 200 3761 952 3.95 2556 2357 1404
0.0502 2802 180 3775 972 3.88 2553 2374 1401
0.0515 2765 180 3738 972 3.84 2535 2355 1383

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 3b

Gray-brown, slightly clayey SILT; scattered organics; ML

SUMMARY OF TEST DATA

DD22-2 Levee
S-7
18.6

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-38 (3/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Boring DD22-2 Levee Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

Effective Stress at end-of-consolidation, psf 1152
Cell pressure during shear, psf 5256

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 3b

S-7
18.6
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FIG. C-38 (4/8)

June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Boring Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

SAMPLE CLASSIFICATION: SPECIMEN DATA: post- post-
Initial consol shear

Height, inches 5.338 5.439 4.325
Diameter, inches 2.6781 2.6781

B-value at end of saturation phase 0.99 Aspect Ratio 1.99 2.03
Consolidation Stress, psf 2304 Weight, grams 869.08 856.08 856.08

Cell pressure during shear, psf 6336 Water 38.7% 36.7% 36.7%
Initial Pore Pressure(U0), psf 4058 Wet Density, pcf 110.1 106.4 106.4

Shear Rate, in/min 0.0035 Dry Density, pcf 79.4 77.9 77.9

Axial Deviator Excess Eff. Major Eff. Minor Eff. Princ
Strain Stress Pore Principal Principal Stress

inch/inch psf Pres. (psf) Stress (psf) Stress (psf) Ratio P P' Q
0.0068 1907 878 3333 1426 2.34 3258 2379 954
0.0136 2694 918 4080 1386 2.94 3651 2733 1347
0.0205 3270 938 4636 1366 3.39 3939 3001 1635
0.0273 3609 928 4985 1376 3.62 4108 3180 1804
0.0341 3808 908 5204 1396 3.73 4208 3300 1904
0.0410 3952 868 5388 1436 3.75 4280 3412 1976
0.0478 4109 838 5575 1466 3.80 4359 3520 2055
0.0546 4233 798 5739 1506 3.81 4421 3622 2117
0.0615 4345 769 5880 1535 3.83 4476 3708 2172
0.0683 4435 739 6000 1565 3.83 4521 3783 2217
0.0751 4508 719 6093 1585 3.84 4558 3839 2254
0.0820 4569 669 6204 1635 3.79 4588 3920 2284
0.0888 4619 639 6285 1665 3.77 4614 3975 2310
0.0956 4630 599 6335 1705 3.72 4619 4020 2315
0.1025 4741 579 6466 1725 3.75 4674 4095 2370
0.1093 4748 529 6523 1775 3.68 4678 4149 2374
0.1162 4713 519 6498 1785 3.64 4661 4142 2357
0.1230 4664 509 6459 1795 3.60 4636 4127 2332
0.1298 4619 489 6434 1815 3.55 4614 4125 2310
0.1367 4528 499 6333 1805 3.51 4568 4069 2264
0.1434 4494 479 6319 1825 3.46 4551 4072 2247
0.1503 4400 509 6194 1795 3.45 4504 3995 2200
0.1571 4311 479 6136 1825 3.36 4459 3980 2155
0.1640 4272 519 6057 1785 3.39 4440 3921 2136
0.1708 4162 529 5937 1775 3.35 4385 3856 2081
0.1776 4094 539 5859 1765 3.32 4351 3812 2047
0.1845 3991 559 5736 1745 3.29 4299 3740 1995
0.1913 3884 569 5619 1735 3.24 4246 3677 1942
0.1981 3809 599 5514 1705 3.23 4208 3610 1904
0.2049 3692 619 5377 1685 3.19 4150 3531 1846

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST 3c

Gray-brown, slightly clayey SILT; scattered organics; ML

SUMMARY OF TEST DATA

DD22-2 Levee
S-7
18.6

Stress Path Parameters (psf)

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-38 (5/8)

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Boring DD22-2 Levee Tested By/Date AKV 1/4/2010
Sample Calc. By/Date AKV 1/29/2010

Depth (ft) Checked By/Date JFL 2/11/2010

Effective Stress at end-of-consolidation, psf 2304
Cell pressure during shear, psf 6336

CONSOLIDATED, UNDRAINED TRIAXIAL COMPRESSION TEST NO. 3c

S-7
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June 2010
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

Skagit River Levee General Investigation

CU TRIAXIAL TEST

Skagit County, Washington

Boring DD22-2 Levee, Depth= 18.6'
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Notes:

1. Mohr's circles plotted here are based upon effective stresses computed from 
TXCU testing.

2.

3. psf = pounds per square foot

Mohr's circles in this plot are based upon the maxium principal stress ratio 

observed during loading.

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-38 (7/8)

Skagit River Levee General Investigation
Skagit County, Washington

MOHR'S CIRCLES PLOT

Boring DD22-2 Levee, Depth=18.6'F
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Notes:

Effective stress paths plotted here are computed from results of triaxial TXCU testing

June 2010

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-21199-002

FIG. C-38 (8/8)

Skagit River Levee General Investigation

STRESS PATHS PLOT

Skagit County, Washington

Boring DD22-2 Levee, Depth=18.6'F
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD1-1 Landward, S-2AND3, 5.0.xlsx Data
3/4/2010 7:31 AM Fig. C-39 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0500 a  = 2.13E-04 m2

0.0553 Specific  Gravity = 2.7
206.95 B-Coefficient = 0.97 NOTE:

120.2 Volume of Solid = 59.5 ml Sample comprised of
0.00240 Pore Volume (P.V.)= 61.9 ml 95% S-2, 5% S-3

DESCRIPTION: 107.5
Gray-brown, silty, fine SAND; SM 82.9

77.4

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.2 75.0 71.5 70.1 0.0 100.2 1.0 0.000 0.471 0.005 1.401 4.8 2.8 0 27.7
1 0 1 0.02 22.2 75.0 71.5 70.1 0.0 98.9 2.5 0.000 0.465 0.012 1.388 4.8 2.8 1.3 1.5 -0.2 0.0226 27.5 3.5E-07 0.949 3.3E-07
1 0 5 0.08 22.2 75.0 71.5 70.1 0.0 94.6 6.7 0.000 0.445 0.031 1.348 4.8 2.9 4.3 4.2 0.1 0.0913 26.7 2.7E-07 0.949 2.6E-07
1 0 14 0.23 22.2 75.0 71.5 70.1 0.0 84.6 16.4 0.000 0.398 0.077 1.255 4.7 2.9 10.0 9.7 0.3 0.2504 24.9 2.9E-07 0.949 2.8E-07
1 0 21 0.35 22.2 75.0 71.5 70.1 0.0 78.4 22.5 0.000 0.368 0.106 1.198 4.7 3.0 6.2 6.1 0.1 0.3497 23.7 2.5E-07 0.949 2.4E-07
1 0 53 0.88 22.2 75.0 71.5 70.1 0.0 59.8 41.1 0.000 0.281 0.193 1.023 4.6 3.1 18.6 18.6 0.0 0.6502 20.3 1.8E-07 0.949 1.7E-07
1 1 16 1.27 22.2 75.0 71.5 70.1 0.0 52.1 48.8 0.000 0.245 0.229 0.950 4.5 3.2 7.7 7.7 0.0 0.7746 18.8 1.2E-07 0.949 1.1E-07
1 1 26 1.43 22.2 75.0 71.5 70.1 0.0 49.8 51.1 0.000 0.234 0.240 0.929 4.5 3.2 2.3 2.3 0.0 0.8118 18.4 8.6E-08 0.949 8.1E-08
1 1 38 1.63 22.2 75.0 71.5 70.1 0.0 47.1 53.9 0.000 0.221 0.253 0.903 4.5 3.2 2.7 2.8 -0.1 0.8562 17.9 8.8E-08 0.949 8.3E-08
1 1 48 1.80 22.2 75.0 71.5 70.1 0.0 45.1 55.9 0.000 0.212 0.263 0.884 4.5 3.2 2.0 2.0 0.0 0.8885 17.5 7.8E-08 0.949 7.4E-08
1 1 53 1.88 22.2 75.0 71.5 70.1 0.0 44.1 56.9 0.000 0.207 0.267 0.875 4.4 3.2 1.0 1.0 0.0 0.9046 17.3 8.0E-08 0.949 7.6E-08

             
             
             
             
             
             
             

Average for last 4: 7.9E-08

21-1-21199-002

0.00240

Skagit River Levees
DD1-1 Landward

S-2/S-3
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After Consol.Before Test
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Read Time Pressure Readings

29.6

Height, m

Area, m2
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD1-1 Landward, S-2AND3, 5.0.xlsx Chart
3/4/2010 7:31 AM Fig. C-39 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD1-1 Landward Tested by AKV On 1/27/2010
Sample No. S-2/S-3 Comp by AKV On 2/2/2010
Depth (ft) 5.0/7.5 Checked by JFL On 2/5/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD1-1 Levee, S-10, 27.4.xlsx Data
3/4/2010 7:35 AM Fig. C-40 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0553 a  = 2.13E-04 m2

0.0505 Specific  Gravity = 2.7
206.95 B-Coefficient = 0.97 NOTE:

110.9 Volume of Solid = 53.6 ml
0.00201 Pore Volume (P.V.)= 58.1 ml

DESCRIPTION: 116.5
Gray-brown, fine sandy SILT; ML 89.9

91.3

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.7 48.9 37.0 35.0 0.0 90.0 7.5 0.000 0.423 0.035 1.740 13.8 11.3 0 31.2
1 0 18 0.30 22.7 48.9 37.0 35.0 0.0 74.0 23.0 0.000 0.348 0.108 1.592 13.7 11.4 16.0 15.5 0.5 0.2711 28.6 2.4E-07 0.938 2.3E-07
1 0 31 0.52 22.7 48.9 37.0 35.0 0.0 64.5 32.5 0.000 0.303 0.153 1.502 13.6 11.5 9.5 9.5 0.0 0.4346 27.0 2.2E-07 0.938 2.1E-07
1 0 40 0.67 22.7 48.9 37.0 35.0 0.0 58.2 38.8 0.000 0.274 0.182 1.443 13.6 11.5 6.3 6.3 0.0 0.5430 25.9 2.2E-07 0.938 2.1E-07
1 0 53 0.88 22.7 48.9 37.0 35.0 0.0 49.9 47.2 0.000 0.235 0.222 1.365 13.5 11.6 8.3 8.4 -0.1 0.6867 24.5 2.1E-07 0.938 2.0E-07
1 1 1 1.02 22.7 48.9 37.0 35.0 0.0 45.1 52.0 0.000 0.212 0.244 1.319 13.5 11.6 4.8 4.8 0.0 0.7693 23.7 2.1E-07 0.938 1.9E-07
1 1 10 1.17 22.7 48.9 37.0 35.0 0.0 40.2 56.9 0.000 0.189 0.267 1.273 13.4 11.6 4.9 4.9 0.0 0.8536 22.9 1.9E-07 0.938 1.8E-07

             
             
             
             
             
             
             
             
             
             
             

Average for last 4: 2.0E-07

Calculated Flow VolumesEffective Stresses

203.66

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
80.9
101.6

88.2
87.6

113.8 114.2
0.00201
111.3111.7

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m309.94
93.76
2.99
40.8

102.99 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

29.6

Height, m

Area, m2

Burette Readings

Z-24 0.0557
0.0505
203.76

130.76
262.71 Wet Weight, g

1/19/2010
2/2/2010
2/5/2010

After Test

21-1-21199-002

0.00201

Skagit River Levees
DD1-1 Levee

S-10

0.0555
After Consol.Before Test

0.0505

27.4
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD1-1 Levee, S-10, 27.4.xlsx Chart
3/4/2010 7:35 AM Fig. C-40 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD1-1 Levee Tested by AKV On 1/19/2010
Sample No. S-10 Comp by AKV On 2/2/2010
Depth (ft) 27.4 Checked by JFL On 2/5/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Landward, S-12, 40.0.xlsx Data
3/4/2010 7:37 AM Fig. C-41 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0402 a  = 2.13E-04 m2

0.0355 Specific  Gravity = 2.7
84.29 B-Coefficient = 0.95 NOTE:

39.8 Volume of Solid = 27.0 ml
0.00099 Pore Volume (P.V.)= 12.8 ml

DESCRIPTION: 132.2
Gray, silty, fine to medium SAND, trace 113.5
of clay; trace of shell fragments; SM 92.1

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 14 35 0.00 22.0 67.0 51.5 50.5 0.0 79.8 16.3 0.000 0.375 0.077 0.962 16.3 15.0 0 23.9
1 15 14 0.65 22.0 67.0 51.5 50.5 0.0 79.4 16.7 0.000 0.373 0.078 0.958 16.3 15.0 0.4 0.4 0.0 0.0312 23.8 7.3E-09 0.953 6.9E-09
1 16 4 1.48 22.0 67.0 51.5 50.5 0.0 79.1 17.0 0.000 0.372 0.080 0.955 16.3 15.0 0.3 0.3 0.0 0.0546 23.7 4.3E-09 0.953 4.1E-09
1 17 6 2.52 22.0 67.0 51.5 50.5 0.0 78.7 17.4 0.000 0.370 0.082 0.952 16.3 15.0 0.4 0.4 0.0 0.0859 23.6 4.6E-09 0.953 4.4E-09
1 18 28 3.88 22.0 67.0 51.5 50.5 0.0 78.1 18.0 0.000 0.367 0.085 0.946 16.3 15.0 0.6 0.6 0.0 0.1327 23.5 5.2E-09 0.953 5.0E-09
1 19 21 4.77 22.0 67.0 51.5 50.5 0.0 77.7 18.4 0.000 0.365 0.086 0.942 16.3 15.0 0.4 0.4 0.0 0.1639 23.4 5.4E-09 0.953 5.2E-09
1 20 34 5.98 22.0 67.0 51.5 50.5 0.0 77.2 18.9 0.000 0.363 0.089 0.938 16.3 15.0 0.5 0.5 0.0 0.2030 23.3 5.0E-09 0.953 4.7E-09

             
             
             
             
             
             
             
             
             
             
             

Average for last 4: 4.8E-09

21-1-21199-002

0.00099

Skagit River Levees
DD3-1 Landward

D-12

0.0402
After Consol.Before Test

0.0355

40

1/28/2010
2/2/2010
2/5/2010

After Test
tin cup

Before Test

Read Time Pressure Readings

16.5

Height, m

Area, m2

Burette Readings

Z-24 0.0403
0.0355
84.62

104.26
182.19 Wet Weight, g

Diameter, m194.15
90.29
3.07
16.0

109.86 Volume, ml
WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Calculated Flow VolumesEffective Stresses

84.42

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
114.3
91.2

113.7
92.7

132.6 132.5
0.00099

39.739.8
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Landward, S-12, 40.0.xlsx Chart
3/4/2010 7:37 AM Fig. C-41 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD3-1 Landward Tested by AKV On 1/28/2010
Sample No. D-12 Comp by AKV On 2/2/2010
Depth (ft) 40 Checked by JFL On 2/5/2010

0
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Gray, silty, fine to medium SAND, trace 
of clay; trace of shell fragments; SM
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Levee, S-7, 18.1.xlsx Data

3/4/2010 10:01 AM Fig. C-42 (1/2)

Project Job No. 

Boring No. Tested By AKV On

Sample No. Comp By AKV On

Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m

0.0550 a  = 2.13E-04 m
2

0.0506 Specific  Gravity = 2.7

198.77 B-Coefficient = 0.95 NOTE:

110.6 Volume of Solid = 54.2 ml

0.00201 Pore Volume (P.V.)= 57.7 ml

DESCRIPTION: 112.1

Gray-brown, silty, fine SAND; 81.7

oxide staining; trace of organics; SM 94.7

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m
2

h1 = head loss across the specimen at time t1, m,

L = length of the sample, m h2 = head loss across the specimen at time t2, m,

A = cross-sectional area of the sample, m
2

k20 = corrected hydraulic conductivity at temperature of 20 
o
C

t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842
T
)/T

0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)

day hr min (hr) (
o
C) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)

1 0 0 0.00 22.4 49.7 41.5 40.5 0.0 100.0 1.0 0.000 0.470 0.005 1.113 9.1 7.5 0 20.0

1 0 1 0.02 22.4 49.7 41.5 40.5 0.0 91.5 9.5 0.000 0.430 0.045 1.034 9.1 7.6 8.5 8.5 0.0 0.1474 18.6 3.7E-06 0.944 3.5E-06

1 0 3 0.05 22.4 49.7 41.5 40.5 0.0 77.8 23.1 0.000 0.366 0.109 0.905 9.0 7.7 13.7 13.6 0.1 0.3842 16.3 3.3E-06 0.944 3.1E-06

1 0 5 0.08 22.4 49.7 41.5 40.5 0.0 66.1 34.8 0.000 0.311 0.164 0.795 8.9 7.8 11.7 11.7 0.0 0.5871 14.3 3.2E-06 0.944 3.0E-06

1 0 7 0.12 22.4 49.7 41.5 40.5 0.0 56.0 44.9 0.000 0.263 0.211 0.700 8.8 7.8 10.1 10.1 0.0 0.7623 12.6 3.1E-06 0.944 2.9E-06

1 0 9 0.15 22.4 49.7 41.5 40.5 0.0 47.1 53.8 0.000 0.221 0.253 0.617 8.8 7.9 8.9 8.9 0.0 0.9167 11.1 3.1E-06 0.944 3.0E-06

1 0 11 0.18 22.4 49.7 41.5 40.5 0.0 40.0 60.9 0.000 0.188 0.286 0.550 8.7 7.9 7.1 7.1 0.0 1.0398 9.9 2.8E-06 0.944 2.7E-06

1 0 13 0.22 22.4 49.7 41.5 40.5 0.0 33.7 67.2 0.000 0.158 0.316 0.491 8.7 8.0 6.3 6.3 0.0 1.1491 8.8 2.8E-06 0.944 2.6E-06

1 0 15 0.25 22.4 49.7 41.5 40.5 0.0 28.0 72.9 0.000 0.132 0.343 0.437 8.6 8.0 5.7 5.7 0.0 1.2480 7.9 2.8E-06 0.944 2.7E-06

1 0 18 0.30 22.4 49.7 41.5 40.5 0.0 21.1 79.8 0.000 0.099 0.375 0.372 8.6 8.1 6.9 6.9 0.0 1.3677 6.7 2.6E-06 0.944 2.5E-06

             

             

             

             

             

             

             

             

Average for last 4: 2.6E-06

Calculated Flow VolumesEffective Stresses

194.39

Wet Unit Wt, pcf

Dry Unit Wt, pcf

Est. Saturation,%

81.6

85.1

79.9

90.8

109.0 109.7

0.00201

110.6111.8

WC, %

Pan No.

Wet+Tare

Dry+Tare

Tare

Diameter, m297.34

94.90

2.96

33.5

98.57 Volume, ml

tin cup

Before Test

Read Time Pressure Readings

37.3

Height, m

Area, m
2

Burette Readings

Z-24 0.0556

0.0506

195.39

125.74

243.35 Wet Weight, g

1/29/2010

2/3/2010

2/5/2010

After Test

21-1-21199-002

0.00201

Skagit River Levees

DD3-1 Levee

S-7

0.0550

After Consol.Before Test

0.0506

18.1
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Levee, S-7, 18.1.xlsx Chart

3/4/2010 1:08 PM Fig. C-42 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002

Boring No. DD3-1 Levee Tested by AKV On 1/29/2010

Sample No. S-7 Comp by AKV On 2/3/2010

Depth (ft) 18.1 Checked by JFL On 2/5/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Levee, S-15, 56.1.xlsx Data
3/4/2010 7:39 AM Fig. C-43 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0682 a  = 2.13E-04 m2

0.0501 Specific  Gravity = 2.7
274.89 B-Coefficient = 0.95 NOTE:

134.3 Volume of Solid = 85.1 ml
0.00197 Pore Volume (P.V.)= 50.0 ml

DESCRIPTION: 127.7
Gray, fine to medium SAND, trace 103.2
of silt; SP 101.4

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.3 65.0 41.5 40.5 0.0 98.3 2.0 0.000 0.462 0.009 1.088 24.4 22.8 0 15.9
1 0 1 0.02 22.3 65.0 41.5 40.5 0.0 72.8 27.5 0.000 0.342 0.129 0.848 24.2 23.0 25.5 25.5 0.0 0.5100 12.4 1.5E-05 0.947 1.5E-05
1 0 2.3 0.04 22.3 65.0 41.5 40.5 0.0 47.0 53.2 0.000 0.221 0.250 0.606 24.0 23.2 25.8 25.7 0.1 1.0251 8.8 1.7E-05 0.947 1.6E-05
1 0 3 0.05 22.3 65.0 41.5 40.5 0.0 35.1 64.9 0.000 0.165 0.305 0.495 24.0 23.3 11.9 11.7 0.2 1.2611 7.2 1.7E-05 0.947 1.6E-05
1 0 4 0.07 22.3 65.0 41.5 40.5 0.0 22.5 77.4 0.000 0.106 0.364 0.377 23.9 23.3 12.6 12.5 0.1 1.5121 5.5 1.7E-05 0.947 1.6E-05
1 0 5 0.08 22.3 65.0 41.5 40.5 0.0 12.4 87.5 0.000 0.058 0.411 0.282 23.8 23.4 10.1 10.1 0.0 1.7141 4.1 1.8E-05 0.947 1.7E-05

             
             
             
             
             
             
             
             
             
             
             
             

Average for last 4: 1.6E-05

Calculated Flow VolumesEffective Stresses

274.06

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
106.1
92.7

102.6
99.8

127.5 127.0
0.00197
134.7135.1

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m378.11
115.80
2.96
20.2

103.22 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

23.7

Height, m

Area, m2

Burette Readings

Z-24 0.0686
0.0501
276.06

138.57
325.39 Wet Weight, g

1/22/2010
1/29/2010
2/5/2010

After Test

21-1-21199-002

0.00197

Skagit River Levees
DD3-1 Levee

D-15

0.0684
After Consol.Before Test

0.0501

56.1
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD3-1 Levee, S-15, 56.1.xlsx Chart
3/4/2010 7:39 AM Fig. C-43 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD3-1 Levee Tested by AKV On 1/22/2010
Sample No. D-15 Comp by AKV On 1/29/2010
Depth (ft) 56.1 Checked by JFL On 2/5/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-1 Landward, S-2AND3, 5.0.xlsx Data
3/4/2010 7:40 AM Fig. C-44 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0562 a  = 2.13E-04 m2

0.0507 Specific  Gravity = 2.7
218.54 B-Coefficient = 0.96 NOTE:

113.5 Volume of Solid = 63.8 ml Sample comprised of
0.00202 Pore Volume (P.V.)= 49.7 ml 50% S-2, 50% S-3

DESCRIPTION: 120.1
Gray-brown, silty, fine SAND; SM 94.9

92.7

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.4 80.7 76.5 75.5 0.0 98.7 0.1 0.000 0.464 0.000 1.111 5.1 3.5 0 19.8
1 0 2 0.03 22.4 80.7 76.5 75.5 0.0 94.2 3.9 0.000 0.443 0.018 1.072 5.1 3.6 4.5 3.8 0.7 0.0835 19.1 8.8E-07 0.944 8.3E-07
1 0 5 0.08 22.4 80.7 76.5 75.5 0.0 88.1 10.0 0.000 0.414 0.047 1.015 5.1 3.6 6.1 6.1 0.0 0.2061 18.1 9.0E-07 0.944 8.5E-07
1 0 8 0.13 22.4 80.7 76.5 75.5 0.0 83.1 15.2 0.000 0.391 0.071 0.967 5.0 3.6 5.0 5.2 -0.2 0.3087 17.2 8.0E-07 0.944 7.5E-07
1 0 10 0.17 22.4 80.7 76.5 75.5 0.0 80.0 17.9 0.000 0.376 0.084 0.939 5.0 3.7 3.1 2.7 0.4 0.3670 16.7 7.1E-07 0.944 6.7E-07
1 0 15 0.25 22.4 80.7 76.5 75.5 0.0 73.1 25.0 0.000 0.344 0.118 0.874 5.0 3.7 6.9 7.1 -0.2 0.5078 15.6 7.2E-07 0.944 6.8E-07
1 0 20 0.33 22.4 80.7 76.5 75.5 0.0 67.1 31.0 0.000 0.315 0.146 0.817 4.9 3.8 6.0 6.0 0.0 0.6285 14.5 6.6E-07 0.944 6.2E-07
1 0 25 0.42 22.4 80.7 76.5 75.5 0.0 62.2 35.8 0.000 0.292 0.168 0.772 4.9 3.8 4.9 4.8 0.1 0.7260 13.7 5.7E-07 0.944 5.3E-07
1 0 30 0.50 22.4 80.7 76.5 75.5 0.0 57.7 40.3 0.000 0.271 0.189 0.729 4.9 3.8 4.5 4.5 0.0 0.8165 13.0 5.6E-07 0.944 5.3E-07
1 0 38 0.63 22.4 80.7 76.5 75.5 0.0 51.1 46.9 0.000 0.240 0.220 0.667 4.8 3.9 6.6 6.6 0.0 0.9492 11.9 5.5E-07 0.944 5.2E-07
1 0 46 0.77 22.4 80.7 76.5 75.5 0.0 46.1 52.0 0.000 0.217 0.244 0.620 4.8 3.9 5.0 5.1 -0.1 1.0508 11.0 4.6E-07 0.944 4.3E-07
1 0 53 0.88 22.4 80.7 76.5 75.5 0.0 41.1 57.0 0.000 0.193 0.268 0.573 4.7 3.9 5.0 5.0 0.0 1.1513 10.2 5.6E-07 0.944 5.2E-07
1 1 4 1.07 22.4 80.7 76.5 75.5 0.0 35.1 63.0 0.000 0.165 0.296 0.516 4.7 4.0 6.0 6.0 0.0 1.2720 9.2 4.7E-07 0.944 4.4E-07
1 1 15 1.25 22.4 80.7 76.5 75.5 0.0 30.0 68.1 0.000 0.141 0.320 0.469 4.7 4.0 5.1 5.1 0.0 1.3746 8.3 4.4E-07 0.944 4.1E-07
1 1 30 1.50 22.4 80.7 76.5 75.5 0.0 24.0 74.0 0.000 0.113 0.348 0.413 4.6 4.0 6.0 5.9 0.1 1.4942 7.3 4.2E-07 0.944 3.9E-07
1 1 37 1.62 22.4 80.7 76.5 75.5 0.0 21.5 76.5 0.000 0.101 0.360 0.389 4.6 4.1 2.5 2.5 0.0 1.5445 6.9 4.1E-07 0.944 3.9E-07

             
             

Average for last 4: 4.1E-07

21-1-21199-002

0.00202

Skagit River Levees
DD17-1 Landward

S-2/S-3

0.0558
After Consol.Before Test

0.0507

5.0/7.5

1/26/2010
2/3/2010
2/8/2010

After Test
tin cup

Before Test

Read Time Pressure Readings

26.6

Height, m

Area, m2

Burette Readings

Z-24 0.0562
0.0507
211.96

76.03
275.62 Wet Weight, g

Diameter, m321.58
62.34
3.02
23.1

103.04 Volume, ml
WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Calculated Flow VolumesEffective Stresses

211.86

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
94.7
79.9

92.6
87.8

116.5 117.3
0.00202
112.7113.5
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-1 Landward, S-2AND3, 5.0.xlsx Chart
3/4/2010 7:40 AM Fig. C-44 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD17-1 Landward Tested by AKV On 1/26/2010
Sample No. S-2/S-3 Comp by AKV On 2/3/2010
Depth (ft) 5.0/7.5 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-1 Levee, S-5AND6, 12.5.xlsx Data
3/4/2010 7:43 AM Fig. C-45 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0592 a  = 2.13E-04 m2

0.0507 Specific  Gravity = 2.7
221.02 B-Coefficient = 0.97 NOTE:

119.5 Volume of Solid = 62.0 ml Sample comprised of
0.00202 Pore Volume (P.V.)= 58.0 ml 50% S-5, 50% S-6

DESCRIPTION: 115.4
Gray-brown, silty, fine SAND; SM 87.1

94.0

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.0 101.2 91.5 90.5 0.0 95.5 1.0 0.000 0.449 0.005 1.088 10.6 9.1 0 18.3
1 0 1 0.02 22.0 101.2 91.5 90.5 0.0 83.8 12.3 0.000 0.394 0.058 0.980 10.5 9.1 11.7 11.3 0.4 0.1984 16.5 5.5E-06 0.953 5.2E-06
1 0 2 0.03 22.0 101.2 91.5 90.5 0.0 73.1 22.8 0.000 0.344 0.107 0.881 10.5 9.2 10.7 10.5 0.2 0.3812 14.8 5.6E-06 0.953 5.3E-06
1 0 4 0.07 22.0 101.2 91.5 90.5 0.0 55.2 40.7 0.000 0.259 0.191 0.712 10.3 9.3 17.9 17.9 0.0 0.6900 12.0 5.5E-06 0.953 5.3E-06
1 0 6 0.10 22.0 101.2 91.5 90.5 0.0 41.0 55.0 0.000 0.193 0.259 0.579 10.2 9.4 14.2 14.3 -0.1 0.9358 9.7 5.4E-06 0.953 5.2E-06
1 0 9 0.15 22.0 101.2 91.5 90.5 0.0 24.4 71.7 0.000 0.115 0.337 0.422 10.1 9.5 16.6 16.7 -0.1 1.2230 7.1 5.5E-06 0.953 5.2E-06
1 0 11 0.18 22.0 101.2 91.5 90.5 0.0 15.9 80.2 0.000 0.075 0.377 0.342 10.1 9.6 8.5 8.5 0.0 1.3697 5.8 5.5E-06 0.953 5.2E-06
1 0 13 0.22 22.0 101.2 91.5 90.5 0.0 8.9 87.2 0.000 0.042 0.410 0.276 10.0 9.6 7.0 7.0 0.0 1.4904 4.6 5.6E-06 0.953 5.3E-06
1 0 15 0.25 22.0 101.2 91.5 90.5 0.0 3.3 92.8 0.000 0.016 0.436 0.224 10.0 9.7 5.6 5.6 0.0 1.5870 3.8 5.5E-06 0.953 5.3E-06

             
             
             
             
             
             
             
             
             

Average for last 4: 5.3E-06

21-1-21199-002

0.00202

Skagit River Levees
DD17-1 Levee

S-5/S-6

0.0593
After Consol.Before Test

0.0507

12.5/15.0

1/29/2010
2/5/2010
2/8/2010

After Test
tin cup

Before Test

Read Time Pressure Readings

32.5

Height, m

Area, m2

Burette Readings

Z-24 0.0595
0.0507
197.55

89.48
269.44 Wet Weight, g

Diameter, m323.70
76.29
3.08
18.0

102.68 Volume, ml
WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Calculated Flow VolumesEffective Stresses

196.85

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
87.1
52.0

77.5
74.9

102.8 102.7
0.00202
119.6120.0
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-1 Levee, S-5AND6, 12.5.xlsx Chart
3/4/2010 7:43 AM Fig. C-45 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD17-1 Levee Tested by AKV On 1/29/2010
Sample No. S-5/S-6 Comp by AKV On 2/5/2010
Depth (ft) 12.5/15.0 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-2 Landward, S-3, 7.5.xlsx Data
3/4/2010 7:44 AM Fig. C-46 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0543 a  = 2.13E-04 m2

0.0510 Specific  Gravity = 2.7
228.39 B-Coefficient = 0.98 NOTE:

111.0 Volume of Solid = 69.8 ml
0.00204 Pore Volume (P.V.)= 41.3 ml

DESCRIPTION: 128.4
Gray-brown, fine sandy SILT; 105.8
scattered organics; ML 97.6

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 23.4 35.7 32.0 30.0 0.0 77.2 5.0 0.000 0.363 0.024 1.692 5.6 3.2 0 31.1
1 0 20 0.33 23.5 35.7 32.0 30.0 0.0 76.9 5.2 0.000 0.361 0.024 1.690 5.6 3.2 0.3 0.2 0.1 0.0061 31.1 3.3E-09 0.921 3.0E-09
1 0 49 0.82 23.5 35.7 32.0 30.0 0.0 76.5 5.4 0.000 0.360 0.025 1.687 5.6 3.2 0.4 0.2 0.2 0.0133 31.0 2.7E-09 0.920 2.5E-09
1 1 11 1.18 23.5 35.7 32.0 30.0 0.0 76.2 5.7 0.000 0.358 0.027 1.684 5.6 3.2 0.3 0.3 0.0 0.0206 31.0 3.6E-09 0.920 3.3E-09
1 1 44 1.73 23.5 35.7 32.0 30.0 0.0 75.7 6.1 0.000 0.356 0.029 1.680 5.6 3.2 0.5 0.4 0.1 0.0315 30.9 3.6E-09 0.920 3.3E-09
1 2 10 2.17 23.5 35.7 32.0 30.0 0.0 75.4 6.4 0.000 0.354 0.030 1.677 5.6 3.2 0.3 0.3 0.0 0.0388 30.8 3.1E-09 0.920 2.8E-09
1 3 4 3.07 23.5 35.7 32.0 30.0 0.0 74.8 7.0 0.000 0.352 0.033 1.672 5.6 3.2 0.6 0.6 0.0 0.0533 30.7 2.9E-09 0.920 2.7E-09
1 3 43 3.72 23.5 35.7 32.0 30.0 0.0 74.2 7.6 0.000 0.349 0.036 1.666 5.6 3.2 0.6 0.6 0.0 0.0678 30.6 4.1E-09 0.920 3.8E-09
1 4 2 4.03 23.5 35.7 32.0 30.0 0.0 74.0 7.9 0.000 0.348 0.037 1.664 5.6 3.2 0.2 0.3 -0.1 0.0739 30.6 3.5E-09 0.920 3.2E-09
1 19 18 19.30 23.5 35.7 32.0 30.0 0.0 62.8 19.1 0.000 0.295 0.090 1.559 5.5 3.3 11.2 11.2 0.0 0.3452 28.7 3.4E-09 0.920 3.1E-09
1 20 16 20.27 23.5 35.7 32.0 30.0 0.0 62.0 19.9 0.000 0.291 0.094 1.551 5.5 3.3 0.8 0.8 0.0 0.3645 28.5 3.9E-09 0.920 3.6E-09

             
             
             
             
             
             
             

Average for last 4: 3.4E-09

Calculated Flow VolumesEffective Stresses

227.93

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
105.9
97.6

105.5
96.9

128.5 128.1
0.00204
111.0111.1

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m326.54
110.37
2.95
21.4

98.15 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

21.4

Height, m

Area, m2

Burette Readings

Z-24 0.0544
0.0510
228.73

133.34
286.24 Wet Weight, g

1/18/2010
1/29/2010
2/8/2010

After Test

21-1-21199-002

0.00204

Skagit River Levees
DD17-2 Landward

S-3

0.0544
After Consol.Before Test

0.0510

7.5
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-2 Landward, S-3, 7.5.xlsx Chart
3/4/2010 7:44 AM Fig. C-46 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD17-2 Landward Tested by AKV On 1/18/2010
Sample No. S-3 Comp by AKV On 1/29/2010
Depth (ft) 7.5 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-2 Levee, S-10, 24.5.xlsx Data
3/4/2010 7:45 AM Fig. C-47 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0585 a  = 2.13E-04 m2

0.0512 Specific  Gravity = 2.7
220.52 B-Coefficient = 0.97 NOTE:

120.2 Volume of Solid = 59.2 ml
0.00206 Pore Volume (P.V.)= 65.2 ml

DESCRIPTION: 114.5
Gray, fine sandy SILT; oxide 80.6
staining; ML 104.0

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.4 44.0 31.5 30.5 0.0 98.2 7.0 0.000 0.462 0.033 1.072 13.4 11.8 0 17.7
1 0 5 0.08 22.4 44.0 31.5 30.5 0.0 96.1 8.1 0.000 0.452 0.038 1.057 13.4 11.9 2.1 1.1 1.0 0.0245 17.5 1.5E-07 0.944 1.4E-07
1 0 20 0.33 22.4 44.0 31.5 30.5 0.0 90.5 14.5 0.000 0.425 0.068 1.000 13.3 11.9 5.6 6.4 -0.8 0.1166 16.5 1.9E-07 0.944 1.8E-07
1 0 30 0.50 22.4 44.0 31.5 30.5 0.0 86.9 17.9 0.000 0.408 0.084 0.968 13.3 11.9 3.6 3.4 0.2 0.1703 16.0 1.7E-07 0.944 1.6E-07
1 0 41 0.68 22.4 44.0 31.5 30.5 0.0 83.2 21.5 0.000 0.391 0.101 0.933 13.3 11.9 3.7 3.6 0.1 0.2263 15.4 1.7E-07 0.944 1.6E-07
1 0 50 0.83 22.4 44.0 31.5 30.5 0.0 80.2 24.5 0.000 0.377 0.115 0.905 13.3 12.0 3.0 3.0 0.0 0.2723 15.0 1.8E-07 0.944 1.7E-07
1 1 0 1.00 22.4 44.0 31.5 30.5 0.0 77.7 27.0 0.000 0.365 0.127 0.882 13.2 12.0 2.5 2.5 0.0 0.3107 14.6 1.4E-07 0.944 1.3E-07
1 1 15 1.25 22.4 44.0 31.5 30.5 0.0 73.3 31.5 0.000 0.345 0.148 0.840 13.2 12.0 4.4 4.5 -0.1 0.3790 13.9 1.7E-07 0.944 1.6E-07
1 1 30 1.50 22.4 44.0 31.5 30.5 0.0 69.5 35.4 0.000 0.327 0.166 0.804 13.2 12.0 3.8 3.9 -0.1 0.4381 13.3 1.5E-07 0.944 1.4E-07
1 2 1 2.02 22.4 44.0 31.5 30.5 0.0 62.6 42.3 0.000 0.294 0.199 0.739 13.1 12.1 6.9 6.9 0.0 0.5439 12.2 1.4E-07 0.944 1.3E-07
1 2 26 2.43 22.4 44.0 31.5 30.5 0.0 57.0 47.7 0.000 0.268 0.224 0.687 13.1 12.1 5.6 5.4 0.2 0.6283 11.4 1.5E-07 0.944 1.4E-07

             
             
             
             
             
             
             

Average for last 4: 1.5E-07

Calculated Flow VolumesEffective Stresses

217.64

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
80.2
96.4

79.6
101.4

111.7 113.0
0.00206
120.2124.4

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m324.00
111.45
2.95
39.3

103.48 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

42.0

Height, m

Area, m2

Burette Readings

Z-24 0.0605
0.0512
222.64

154.11
258.82 Wet Weight, g

1/20/2010
2/2/2010
2/7/2010

After Test

21-1-21199-002

0.00206

Skagit River Levees
DD17-2 Levee

S-10

0.0585
After Consol.Before Test

0.0512

24.5
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-2 Levee, S-10, 24.5.xlsx Chart

3/4/2010 1:11 PM Fig. C-47 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002

Boring No. DD17-2 Levee Tested by AKV On 1/20/2010

Sample No. S-10 Comp by AKV On 2/2/2010

Depth (ft) 24.5 Checked by JFL On 2/7/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-3 Landward, S-2, 5.9.xlsx Data

3/4/2010 10:02 AM Fig. C-48 (1/2)

Project Job No. 

Boring No. Tested By AKV On

Sample No. Comp By AKV On

Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m

0.0674 a  = 2.13E-04 m
2

0.0513 Specific  Gravity = 2.7

246.64 B-Coefficient = 0.95 NOTE:

139.6 Volume of Solid = 66.0 ml

0.00207 Pore Volume (P.V.)= 73.7 ml

DESCRIPTION: 110.2

Gray-brown, slightly silty, fine 79.9

SAND; SP-SM 92.3

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m
2

h1 = head loss across the specimen at time t1, m,

L = length of the sample, m h2 = head loss across the specimen at time t2, m,

A = cross-sectional area of the sample, m
2

k20 = corrected hydraulic conductivity at temperature of 20 
o
C

t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842
T
)/T

0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)

day hr min (hr) (
o
C) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)

1 0 0 0.00 22.6 49.4 47.0 45.0 0.0 79.0 5.0 0.000 0.371 0.024 1.688 4.3 1.9 0 25.0

1 0 1 0.02 22.6 49.4 47.0 45.0 0.0 62.1 20.9 0.000 0.292 0.098 1.534 4.2 2.0 16.9 15.9 1.0 0.2225 22.7 5.5E-06 0.94 5.2E-06

1 0 1.5 0.03 22.6 49.4 47.0 45.0 0.0 56.0 27.0 0.000 0.263 0.127 1.476 4.1 2.0 6.1 6.1 0.0 0.3053 21.9 4.4E-06 0.94 4.1E-06

1 0 2 0.03 22.6 49.4 47.0 45.0 0.0 49.9 32.9 0.000 0.235 0.155 1.420 4.1 2.1 6.1 5.9 0.2 0.3867 21.0 4.5E-06 0.94 4.2E-06

1 0 2.5 0.04 22.6 49.4 47.0 45.0 0.0 44.5 38.5 0.000 0.209 0.181 1.368 4.0 2.1 5.4 5.6 -0.2 0.4614 20.3 4.3E-06 0.94 4.0E-06

1 0 3 0.05 22.6 49.4 47.0 45.0 0.0 38.3 43.7 0.000 0.180 0.205 1.315 4.0 2.1 6.2 5.2 1.0 0.5387 19.5 4.6E-06 0.94 4.3E-06

1 0 4 0.07 22.6 49.4 47.0 45.0 0.0 29.1 52.9 0.000 0.137 0.249 1.228 4.0 2.2 9.2 9.2 0.0 0.6635 18.2 3.9E-06 0.94 3.7E-06

1 0 5 0.08 22.6 49.4 47.0 45.0 0.0 21.0 61.0 0.000 0.099 0.287 1.152 3.9 2.3 8.1 8.1 0.0 0.7735 17.1 3.7E-06 0.94 3.5E-06

1 0 6 0.10 22.6 49.4 47.0 45.0 0.0 14.0 68.0 0.000 0.066 0.320 1.086 3.9 2.3 7.0 7.0 0.0 0.8684 16.1 3.4E-06 0.94 3.2E-06

1 0 6.8 0.11 22.6 49.4 47.0 45.0 0.0 7.7 74.3 0.000 0.036 0.349 1.027 3.8 2.3 6.3 6.3 0.0 0.9539 15.2 4.1E-06 0.94 3.8E-06

             

             

             

             

             

             

             

             

Average for last 4: 3.5E-06

21-1-21199-002

0.00207

Skagit River Levees

DD17-3 Landward

S-2

0.0674

After Consol.Before Test

0.0513

5.9

1/20/2010

2/2/2010

2/8/2010

After Test

tin cup

Before Test

Read Time Pressure Readings

37.9

Height, m

Area, m
2

Burette Readings

Z-24 0.0675

0.0513

214.79

103.87

342.93 Wet Weight, g

Diameter, m410.66

86.70
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20.5

164.02 Volume, ml

WC, %

Pan No.

Wet+Tare

Dry+Tare
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Calculated Flow VolumesEffective Stresses
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Wet Unit Wt, pcf
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-3 Landward, S-2, 5.9.xlsx Chart

3/4/2010 1:12 PM Fig. C-48 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002

Boring No. DD17-3 Landward Tested by AKV On 1/20/2010

Sample No. S-2 Comp by AKV On 2/2/2010

Depth (ft) 5.9 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-3 Levee, S-5AND6, 12.5.xlsx Data
3/4/2010 7:49 AM Fig. C-49 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0553 a  = 2.13E-04 m2

0.0508 Specific  Gravity = 2.7
227.46 B-Coefficient = 0.95 NOTE:

111.8 Volume of Solid = 62.3 ml Sample comprised of
0.00202 Pore Volume (P.V.)= 50.0 ml 50% S-5, 50% S-6

DESCRIPTION: 126.9
Gray-brown, silty, fine SAND; SM 99.3

108.0

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.3 76.2 66.5 65.5 0.0 96.7 1.2 0.000 0.454 0.006 1.097 10.6 9.1 0 19.8
1 0 1 0.02 22.3 76.2 66.5 65.5 0.0 89.8 7.1 0.000 0.422 0.033 1.037 10.6 9.1 6.9 5.9 1.0 0.1280 18.7 2.7E-06 0.947 2.6E-06
1 0 5 0.08 22.3 76.2 66.5 65.5 0.0 68.6 28.3 0.000 0.322 0.133 0.838 10.4 9.2 21.2 21.2 0.0 0.5520 15.1 2.6E-06 0.947 2.5E-06
1 0 8 0.13 22.3 76.2 66.5 65.5 0.0 55.4 41.5 0.000 0.260 0.195 0.714 10.3 9.3 13.2 13.2 0.0 0.8160 12.9 2.6E-06 0.947 2.5E-06
1 0 10 0.17 22.3 76.2 66.5 65.5 0.0 48.2 48.7 0.000 0.227 0.229 0.646 10.3 9.4 7.2 7.2 0.0 0.9600 11.6 2.4E-06 0.947 2.3E-06
1 0 12 0.20 22.3 76.2 66.5 65.5 0.0 41.9 55.0 0.000 0.197 0.259 0.587 10.3 9.4 6.3 6.3 0.0 1.0860 10.6 2.3E-06 0.947 2.2E-06
1 0 15 0.25 22.3 76.2 66.5 65.5 0.0 33.1 64.0 0.000 0.156 0.301 0.503 10.2 9.5 8.8 9.0 -0.2 1.2639 9.1 2.5E-06 0.947 2.4E-06
1 0 20 0.33 22.3 76.2 66.5 65.5 0.0 22.1 75.0 0.000 0.104 0.353 0.400 10.1 9.6 11.0 11.0 0.0 1.4839 7.2 2.2E-06 0.947 2.1E-06
1 0 25 0.42 22.3 76.2 66.5 65.5 0.0 14.0 83.1 0.000 0.066 0.391 0.324 10.1 9.6 8.1 8.1 0.0 1.6459 5.8 2.1E-06 0.947 1.9E-06
1 0 29 0.48 22.3 76.2 66.5 65.5 0.0 8.9 88.2 0.000 0.042 0.415 0.276 10.0 9.6 5.1 5.1 0.0 1.7479 5.0 2.0E-06 0.947 1.8E-06
1 0 33 0.55 22.3 76.2 66.5 65.5 0.0 4.8 92.3 0.000 0.023 0.434 0.237 10.0 9.7 4.1 4.1 0.0 1.8299 4.3 1.8E-06 0.947 1.7E-06

             
             
             
             
             
             
             

Average for last 4: 1.9E-06

Calculated Flow VolumesEffective Stresses

198.42

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
93.5
62.1

86.6
79.7

110.7 110.8
0.00202
111.8112.3

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m315.32
57.77
3.15
18.5

87.86 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

27.9

Height, m

Area, m2

Burette Readings

Z-24 0.0555
0.0508
199.22

67.85
265.74 Wet Weight, g

1/26/2010
2/3/2010
2/8/2010

After Test

21-1-21199-002

0.00202

Skagit River Levees
DD17-3 Levee

S-5/S-6

0.0552
After Consol.Before Test

0.0508

12.5/15.0
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD17-3 Levee, S-5AND6, 12.5.xlsx Chart
3/4/2010 7:49 AM Fig. C-49 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD17-3 Levee Tested by AKV On 1/26/2010
Sample No. S-5/S-6 Comp by AKV On 2/3/2010
Depth (ft) 12.5/15.0 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-1 Landward, S-1, 2.5.xlsx Data
3/4/2010 7:50 AM Fig. C-50 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0482 a  = 2.13E-04 m2

0.0369 Specific  Gravity = 2.7
95.90 B-Coefficient = 0.95 NOTE:

51.4 Volume of Solid = 28.6 ml
0.00107 Pore Volume (P.V.)= 22.9 ml

DESCRIPTION: 116.4
Brown, silty, fine SAND; trace of 93.2
organics; SM 83.1

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.4 65.2 56.5 55.5 0.0 95.2 6.6 0.000 0.447 0.031 1.072 9.6 8.1 0 22.2
1 0 1 0.02 22.4 65.2 56.5 55.5 0.0 85.1 16.1 0.000 0.400 0.076 0.980 9.5 8.1 10.1 9.5 0.6 0.4278 20.3 7.2E-06 0.944 6.8E-06
1 0 2 0.03 22.4 65.2 56.5 55.5 0.0 72.1 29.1 0.000 0.339 0.137 0.858 9.4 8.2 13.0 13.0 0.0 0.9953 17.8 1.1E-05 0.944 1.0E-05
1 0 4 0.07 22.4 65.2 56.5 55.5 0.0 65.1 36.1 0.000 0.306 0.170 0.792 9.4 8.3 7.0 7.0 0.0 1.3008 16.4 3.2E-06 0.944 3.0E-06
1 0 6 0.10 22.4 65.2 56.5 55.5 0.0 53.0 48.2 0.000 0.249 0.227 0.678 9.3 8.3 12.1 12.1 0.0 1.8290 14.1 6.2E-06 0.944 5.9E-06
1 0 8 0.13 22.4 65.2 56.5 55.5 0.0 48.0 53.2 0.000 0.226 0.250 0.631 9.3 8.4 5.0 5.0 0.0 2.0473 13.1 2.9E-06 0.944 2.7E-06
1 0 10 0.17 22.4 65.2 56.5 55.5 0.0 36.1 66.1 0.000 0.170 0.311 0.515 9.2 8.5 11.9 12.9 -1.0 2.5886 10.7 8.2E-06 0.944 7.7E-06
1 0 12 0.20 22.4 65.2 56.5 55.5 0.0 29.8 72.1 0.000 0.140 0.339 0.457 9.1 8.5 6.3 6.0 0.3 2.8570 9.5 4.8E-06 0.944 4.5E-06
1 0 14 0.23 22.4 65.2 56.5 55.5 0.0 23.9 77.5 0.000 0.112 0.364 0.404 9.1 8.5 5.9 5.4 0.5 3.1037 8.4 5.0E-06 0.944 4.7E-06
1 0 16 0.27 22.4 65.2 56.5 55.5 0.0 18.8 82.6 0.000 0.088 0.388 0.356 9.1 8.6 5.1 5.1 0.0 3.3263 7.4 5.1E-06 0.944 4.8E-06
1 0 18 0.30 22.4 65.2 56.5 55.5 0.0 14.2 87.2 0.000 0.067 0.410 0.312 9.0 8.6 4.6 4.6 0.0 3.5271 6.5 5.2E-06 0.944 4.9E-06
1 0 20 0.33 22.4 65.2 56.5 55.5 0.0 10.3 91.1 0.000 0.048 0.428 0.276 9.0 8.6 3.9 3.9 0.0 3.6973 5.7 5.0E-06 0.944 4.7E-06

             
             
             
             
             
             

Average for last 4: 4.8E-06

Calculated Flow VolumesEffective Stresses

89.25

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
93.6
55.5

86.6
71.0

109.0 108.1
0.00107

51.551.5
WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m199.06
40.61
2.94
16.5

103.16 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

24.9

Height, m

Area, m2

Burette Readings

Z-24 0.0483
0.0369
89.95

46.81
179.95 Wet Weight, g

1/28/2010
2/3/2010
2/8/2010

After Test

21-1-21199-002

0.00107

Skagit River Levees
DD22-1 Landward
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0.0369
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-1 Landward, S-1, 2.5.xlsx Chart
3/4/2010 7:50 AM Fig. C-50 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD22-1 Landward Tested by AKV On 1/28/2010
Sample No. S-1 Comp by AKV On 2/3/2010
Depth (ft) 2.5 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-1 Levee, S-4,6AND7, 15.0.xlsx Data
3/4/2010 7:53 AM Fig. C-51 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0535 a  = 2.13E-04 m2

0.0508 Specific  Gravity = 2.7
203.97 B-Coefficient = 0.95 NOTE:

108.3 Volume of Solid = 58.2 ml Sample comprised of
0.00202 Pore Volume (P.V.)= 50.3 ml 45% S-6, 45% S-7, 

DESCRIPTION: 117.6 10% S-4
Brown, silty, fine SAND; SM 90.5

93.8

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.3 68.2 61.5 60.5 0.0 99.5 0.8 0.000 0.468 0.004 1.114 7.6 6.0 0 20.8
1 0 1 0.02 22.3 68.2 61.5 60.5 0.0 95.1 5.0 0.000 0.447 0.024 1.074 7.6 6.1 4.4 4.2 0.2 0.0856 20.0 1.7E-06 0.947 1.6E-06
1 0 4 0.07 22.3 68.2 61.5 60.5 0.0 83.2 17.0 0.000 0.391 0.080 0.961 7.5 6.1 11.9 12.0 -0.1 0.3233 17.9 1.7E-06 0.947 1.6E-06
1 0 8 0.13 22.3 68.2 61.5 60.5 0.0 70.7 29.3 0.000 0.332 0.138 0.845 7.4 6.2 12.5 12.3 0.2 0.5700 15.8 1.5E-06 0.947 1.4E-06
1 0 10 0.17 22.3 68.2 61.5 60.5 0.0 65.1 35.0 0.000 0.306 0.165 0.792 7.4 6.3 5.6 5.7 -0.1 0.6824 14.8 1.5E-06 0.947 1.4E-06
1 0 12 0.20 22.3 68.2 61.5 60.5 0.0 60.0 40.1 0.000 0.282 0.188 0.744 7.4 6.3 5.1 5.1 0.0 0.7839 13.9 1.5E-06 0.947 1.4E-06
1 0 16 0.27 22.3 68.2 61.5 60.5 0.0 51.2 48.5 0.000 0.241 0.228 0.663 7.3 6.4 8.8 8.4 0.4 0.9550 12.4 1.4E-06 0.947 1.3E-06
1 0 18 0.30 22.3 68.2 61.5 60.5 0.0 47.2 52.5 0.000 0.222 0.247 0.625 7.3 6.4 4.0 4.0 0.0 1.0346 11.7 1.4E-06 0.947 1.3E-06
1 0 22 0.37 22.3 68.2 61.5 60.5 0.0 40.2 59.5 0.000 0.189 0.280 0.559 7.2 6.4 7.0 7.0 0.0 1.1739 10.4 1.3E-06 0.947 1.2E-06
1 0 26 0.43 22.3 68.2 61.5 60.5 0.0 34.1 65.6 0.000 0.160 0.308 0.502 7.2 6.5 6.1 6.1 0.0 1.2952 9.4 1.3E-06 0.947 1.2E-06
1 0 30 0.49 22.3 68.2 61.5 60.5 0.0 29.1 70.6 0.000 0.137 0.332 0.455 7.2 6.5 5.0 5.0 0.0 1.3947 8.5 1.3E-06 0.947 1.3E-06

             
             
             
             
             
             
             

Average for last 4: 1.2E-06

Calculated Flow VolumesEffective Stresses

193.07

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
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83.3
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108.4108.5

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m305.78
63.93
3.06
23.1

101.81 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

30.0

Height, m

Area, m2

Burette Readings

Z-24 0.0536
0.0508
193.67

78.02
258.77 Wet Weight, g
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After Test
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Skagit River Levees
DD22-1 Levee
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-1 Levee, S-4,6AND7, 15.0.xlsx Chart
3/4/2010 7:53 AM Fig. C-51 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD22-1 Levee Tested by AKV On 1/26/2010
Sample No. S-6/S-7/S-4 Comp by AKV On 2/3/2010
Depth (ft) 15.0/17.5/10.0 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Landward, S-2, 5.3.xlsx Data
3/4/2010 7:54 AM Fig. C-52 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0615 a  = 2.13E-04 m2

0.0511 Specific  Gravity = 2.7
206.87 B-Coefficient = 0.98 NOTE:

125.8 Volume of Solid = 49.8 ml
0.00205 Pore Volume (P.V.)= 76.6 ml

DESCRIPTION: 102.6
Gray, slightly clayey SILT; orange 65.2
mottling and oxidation; ML 97.8

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.5 34.0 32.0 30.0 0.0 99.1 2.9 0.000 0.466 0.014 1.798 3.9 1.3 0 29.1
1 0 1 0.02 22.5 34.0 32.0 30.0 0.0 97.0 4.1 0.000 0.456 0.019 1.782 3.9 1.4 2.1 1.2 0.9 0.0215 28.9 4.6E-07 0.942 4.4E-07
1 0 6 0.10 22.5 34.0 32.0 30.0 0.0 89.3 12.0 0.000 0.420 0.056 1.709 3.8 1.4 7.7 7.9 -0.2 0.1234 27.7 4.5E-07 0.942 4.2E-07
1 0 14 0.23 22.5 34.0 32.0 30.0 0.0 78.5 22.9 0.000 0.369 0.108 1.607 3.8 1.5 10.8 10.9 -0.1 0.2650 26.0 4.1E-07 0.942 3.9E-07
1 0 22 0.37 22.5 34.0 32.0 30.0 0.0 68.9 32.6 0.000 0.324 0.153 1.516 3.7 1.5 9.6 9.7 -0.1 0.3909 24.6 3.9E-07 0.942 3.7E-07
1 0 29 0.48 22.5 34.0 32.0 30.0 0.0 60.9 40.4 0.000 0.286 0.190 1.442 3.6 1.6 8.0 7.8 0.2 0.4941 23.4 3.8E-07 0.942 3.6E-07
1 0 34 0.57 22.5 34.0 32.0 30.0 0.0 56.0 45.6 0.000 0.263 0.214 1.395 3.6 1.6 4.9 5.2 -0.3 0.5600 22.6 3.6E-07 0.942 3.4E-07
1 0 48 0.80 22.5 34.0 32.0 30.0 0.0 42.8 58.6 0.000 0.201 0.275 1.272 3.5 1.7 13.2 13.0 0.2 0.7310 20.6 3.5E-07 0.942 3.3E-07
1 0 56 0.93 22.5 34.0 32.0 30.0 0.0 36.3 65.1 0.000 0.171 0.306 1.210 3.5 1.8 6.5 6.5 0.0 0.8158 19.6 3.3E-07 0.942 3.1E-07
1 1 6 1.10 22.5 34.0 32.0 30.0 0.0 28.7 72.7 0.000 0.135 0.342 1.139 3.4 1.8 7.6 7.6 0.0 0.9150 18.4 3.3E-07 0.942 3.1E-07
1 1 12 1.20 22.5 34.0 32.0 30.0 0.0 24.6 76.9 0.000 0.116 0.361 1.100 3.4 1.8 4.1 4.2 -0.1 0.9692 17.8 3.1E-07 0.942 2.9E-07
1 1 22 1.37 22.5 34.0 32.0 30.0 0.0 18.2 83.4 0.000 0.086 0.392 1.039 3.4 1.9 6.4 6.5 -0.1 1.0534 16.8 3.0E-07 0.942 2.9E-07
1 1 29 1.48 22.5 34.0 32.0 30.0 0.0 14.0 87.6 0.000 0.066 0.412 1.000 3.3 1.9 4.2 4.2 0.0 1.1082 16.2 3.0E-07 0.942 2.8E-07
1 1 37 1.61 22.5 34.0 32.0 30.0 0.0 9.5 92.1 0.000 0.045 0.433 0.958 3.3 1.9 4.5 4.5 0.0 1.1670 15.5 3.1E-07 0.942 2.9E-07

             
             
             
             

Average for last 4: 2.9E-07

Calculated Flow VolumesEffective Stresses

205.54

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
66.4
93.6

64.9
97.2

101.8 102.2
0.00205
125.5126.4

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m309.96
79.21
2.98
53.3

103.09 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

57.4

Height, m

Area, m2

Burette Readings

Z-24 0.0618
0.0511
206.24

119.83
234.52 Wet Weight, g

1/20/2010
2/2/2010
2/8/2010

After Test

21-1-21199-002

0.00205

Skagit River Levees
DD22-2 Landward

S-2

0.0613
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0.0511

5.3
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Landward, S-2, 5.3.xlsx Chart
3/4/2010 7:54 AM Fig. C-52 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD22-2 Landward Tested by AKV On 1/20/2010
Sample No. S-2 Comp by AKV On 2/2/2010
Depth (ft) 5.3 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Landward, S-13, 41.2.xlsx Data
3/4/2010 7:55 AM Fig. C-53 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0606 a  = 2.13E-04 m2

0.0535 Specific  Gravity = 2.7
214.78 B-Coefficient = 0.97 NOTE:

136.2 Volume of Solid = 60.1 ml Probable migration of fines
0.00225 Pore Volume (P.V.)= 77.5 ml during testing.  

DESCRIPTION: 98.4
Gray-brown, silty, fine SAND; SM 74.2

69.3

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.4 54.5 36.5 35.5 0.0 99.0 4.2 0.000 0.465 0.020 1.088 18.9 17.3 0 17.8
1 0 1 0.02 22.4 54.5 36.5 35.5 0.0 95.6 7.2 0.000 0.449 0.034 1.058 18.9 17.4 3.4 3.0 0.4 0.0413 17.3 1.4E-06 0.944 1.3E-06
1 0 5 0.08 22.4 54.5 36.5 35.5 0.0 84.9 17.6 0.000 0.399 0.083 0.959 18.8 17.4 10.7 10.4 0.3 0.1774 15.7 1.2E-06 0.944 1.1E-06
1 0 10 0.17 22.4 54.5 36.5 35.5 0.0 74.1 28.5 0.000 0.348 0.134 0.857 18.7 17.5 10.8 10.9 -0.1 0.3173 14.0 1.1E-06 0.944 1.0E-06
1 0 15 0.25 22.4 54.5 36.5 35.5 0.0 65.2 38.1 0.000 0.306 0.179 0.770 18.7 17.6 8.9 9.6 -0.7 0.4366 12.6 1.0E-06 0.944 9.8E-07
1 0 20 0.33 22.4 54.5 36.5 35.5 0.0 57.0 45.5 0.000 0.268 0.214 0.697 18.6 17.6 8.2 7.4 0.8 0.5373 11.4 9.7E-07 0.944 9.1E-07
1 0 25 0.42 22.4 54.5 36.5 35.5 0.0 52.2 50.8 0.000 0.245 0.239 0.649 18.6 17.7 4.8 5.3 -0.5 0.6024 10.6 6.8E-07 0.944 6.4E-07
1 0 30 0.50 22.4 54.5 36.5 35.5 0.0 47.5 56.0 0.000 0.223 0.263 0.603 18.5 17.7 4.7 5.2 -0.5 0.6662 9.8 7.2E-07 0.944 6.8E-07
1 0 40 0.67 22.4 54.5 36.5 35.5 0.0 40.1 62.8 0.000 0.188 0.295 0.536 18.5 17.7 7.4 6.8 0.6 0.7578 8.7 5.7E-07 0.944 5.4E-07
1 0 55 0.92 22.4 54.5 36.5 35.5 0.0 33.5 69.5 0.000 0.157 0.327 0.473 18.4 17.8 6.6 6.7 -0.1 0.8436 7.7 4.0E-07 0.944 3.8E-07
1 1 0 1.00 22.4 54.5 36.5 35.5 0.0 32.0 71.0 0.000 0.150 0.334 0.459 18.4 17.8 1.5 1.5 0.0 0.8630 7.5 2.9E-07 0.944 2.8E-07
1 1 15 1.25 22.4 54.5 36.5 35.5 0.0 28.8 74.2 0.000 0.135 0.349 0.429 18.4 17.8 3.2 3.2 0.0 0.9042 7.0 2.2E-07 0.944 2.1E-07
1 1 30 1.50 22.4 54.5 36.5 35.5 0.0 27.0 76.0 0.000 0.127 0.357 0.412 18.4 17.8 1.8 1.8 0.0 0.9275 6.7 1.3E-07 0.944 1.2E-07
1 1 45 1.75 22.4 54.5 36.5 35.5 0.0 26.1 77.0 0.000 0.123 0.362 0.403 18.4 17.8 0.9 1.0 -0.1 0.9397 6.6 7.1E-08 0.944 6.7E-08

             
             
             
             

Average for last 4: 4.7E-07

Calculated Flow VolumesEffective Stresses

216.99

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
73.6
72.1

74.9
70.4

98.9 99.3
0.00225
136.3137.7

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m317.29
97.10
3.01
34.4

102.51 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

32.6

Height, m

Area, m2

Burette Readings

Z-24 0.0612
0.0535
218.29

129.49
264.52 Wet Weight, g

1/27/2010
2/2/2010
2/8/2010

After Test

21-1-21199-002

0.00225

Skagit River Levees
DD22-2 Landward

S-13

0.0606
After Consol.Before Test

0.0535

41.2
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Landward, S-13, 41.2.xlsx Chart
3/4/2010 7:55 AM Fig. C-53 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD22-2 Landward Tested by AKV On 1/27/2010
Sample No. S-13 Comp by AKV On 2/2/2010
Depth (ft) 41.2 Checked by JFL On 2/8/2010
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Levee, S-7, 18.3.xlsx Data
3/4/2010 7:56 AM Fig. C-54 (1/2)

Project Job No. 
Boring No. Tested By AKV On
Sample No. Comp By AKV On
Depth (ft) Checked By JFL On

WATER CONTENT DATA: SPECIMEN DATA: OTHER INFORMATION:

After Test Burette Corr. Factor, BCF (vol. to height),   1ml = 0.0047 m
0.0582 a  = 2.13E-04 m2

0.0502 Specific  Gravity = 2.7
208.99 B-Coefficient = 0.96 NOTE:

115.2 Volume of Solid = 55.4 ml
0.00198 Pore Volume (P.V.)= 59.9 ml

DESCRIPTION: 113.2
Gray-brown, fine sandy SILT; ML 82.8

95.7

FALLING-HEAD INCREASING TAILWATER LEVEL HYDRAULIC CONDUCTIVITY CALCULATION (METHOD C):

a = cross-sectional area  of standpipe, m2 h1 = head loss across the specimen at time t1, m,
L = length of the sample, m h2 = head loss across the specimen at time t2, m,
A = cross-sectional area of the sample, m2 k20 = corrected hydraulic conductivity at temperature of 20 oC
t = elapsed time between determination of h1 and h2, sec. RT = correction factor for viscosity of water at various temperatures, T

= 2.2902(0.9842T)/T0.1702

MEASURED DATA:

Elapsed Temp Head Loss Gradient K R T k20

Time T Pcell Pin Pout Vcell Vin Vout Hcell Hin Hout h σ'max σ'min Inflow Outflow Storage Cum. (i)
day hr min (hr) (oC) (psi) (psi) (psi) (ml) (ml) (ml) (m) (m) (m) (m) (psi) (psi) (ml) (ml) (ml) P.V. (m/sec) (m/sec)
1 0 0 0.00 22.6 39.2 31.5 30.5 0.0 97.4 1.0 0.000 0.458 0.005 1.099 8.6 7.0 0 18.9
1 0 1 0.02 22.6 39.2 31.5 30.5 0.0 90.6 7.6 0.000 0.426 0.036 1.036 8.6 7.1 6.8 6.6 0.2 0.1119 17.8 3.1E-06 0.94 2.9E-06
1 0 2 0.03 22.6 39.2 31.5 30.5 0.0 85.0 13.0 0.000 0.400 0.061 0.984 8.5 7.1 5.6 5.4 0.2 0.2038 16.9 2.7E-06 0.94 2.5E-06
1 0 3 0.05 22.6 39.2 31.5 30.5 0.0 79.9 18.2 0.000 0.376 0.086 0.935 8.5 7.2 5.1 5.2 -0.1 0.2898 16.1 2.6E-06 0.94 2.5E-06
1 0 4 0.07 22.6 39.2 31.5 30.5 0.0 74.8 23.1 0.000 0.352 0.109 0.888 8.5 7.2 5.1 4.9 0.2 0.3733 15.2 2.7E-06 0.94 2.5E-06
1 0 5 0.08 22.6 39.2 31.5 30.5 0.0 69.9 28.1 0.000 0.329 0.132 0.842 8.4 7.2 4.9 5.0 -0.1 0.4559 14.4 2.8E-06 0.94 2.6E-06
1 0 8 0.13 22.6 39.2 31.5 30.5 0.0 57.0 41.0 0.000 0.268 0.193 0.721 8.3 7.3 12.9 12.9 0.0 0.6714 12.4 2.7E-06 0.94 2.5E-06
1 0 10 0.17 22.6 39.2 31.5 30.5 0.0 49.8 48.2 0.000 0.234 0.227 0.653 8.3 7.4 7.2 7.2 0.0 0.7916 11.2 2.6E-06 0.94 2.4E-06
1 0 12 0.20 22.6 39.2 31.5 30.5 0.0 43.0 55.0 0.000 0.202 0.259 0.589 8.2 7.4 6.8 6.8 0.0 0.9052 10.1 2.7E-06 0.94 2.5E-06
1 0 16 0.27 22.6 39.2 31.5 30.5 0.0 32.1 66.2 0.000 0.151 0.311 0.485 8.2 7.5 10.9 11.2 -0.3 1.0897 8.3 2.5E-06 0.94 2.4E-06
1 0 19 0.32 22.6 39.2 31.5 30.5 0.0 25.5 72.0 0.000 0.120 0.338 0.427 8.1 7.5 6.6 5.8 0.8 1.1933 7.3 2.2E-06 0.94 2.1E-06
1 0 21 0.35 22.6 39.2 31.5 30.5 0.0 21.9 76.0 0.000 0.103 0.357 0.391 8.1 7.6 3.6 4.0 -0.4 1.2567 6.7 2.3E-06 0.94 2.1E-06
1 0 25 0.42 22.6 39.2 31.5 30.5 0.0 15.1 83.1 0.000 0.071 0.391 0.326 8.1 7.6 6.8 7.1 -0.3 1.3728 5.6 2.4E-06 0.94 2.2E-06

             
             
             
             
             

Average for last 4: 2.2E-06

Calculated Flow VolumesEffective Stresses

210.21

Wet Unit Wt, pcf
Dry Unit Wt, pcf

Est. Saturation,%
81.0
102.9

83.7
97.7

114.3 114.4
0.00198
114.7115.3

WC, %

Pan No.
Wet+Tare
Dry+Tare

Tare

Diameter, m311.18
88.52
3.05
41.2

102.19 Volume, ml

tin cup
Before Test

Read Time Pressure Readings

36.7

Height, m

Area, m2

Burette Readings

Z-24 0.0583
0.0502
211.21

123.72
255.09 Wet Weight, g

1/20/2010
2/2/2010
2/5/2010

After Test

21-1-21199-002

0.00198

Skagit River Levees
DD22-2 Levee

S-7

0.0580
After Consol.Before Test

0.0502

18.3
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER
(ASTM Designation D 5084-03)

DD22-2 Levee, S-7, 18.3.xlsx Chart
3/4/2010 7:56 AM Fig. C-54 (2/2)

Project Skagit River Levees Job No. 21-1-21199-002
Boring No. DD22-2 Levee Tested by AKV On 1/20/2010
Sample No. S-7 Comp by AKV On 2/2/2010
Depth (ft) 18.3 Checked by JFL On 2/5/2010
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DD1-1 Landward_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010
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1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

NOTES

FIG. D-1

Skagit River Levee General Investigation
Skagit County, Washington

RESULTS OF LIQUEFACTION ANALYSES
BORING DD1-1 LANDWARD

144-YR RETURN PERIOD (OBE)
June 2010 21-1-21199-002

3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g

FIG. D-2

Skagit River Levee General Investigation
Skagit County, Washington

RESULTS OF LIQUEFACTION ANALYSES
BORING DD1-1 LEVEE

144-YR RETURN PERIOD (OBE)
June 2010 21-1-21199-002

1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

NOTES
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DD1-2 Landward_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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Skagit County, Washington
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1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
Skagit County, Washington

RESULTS OF LIQUEFACTION ANALYSES
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June 2010 21-1-21199-002

1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
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RESULTS OF LIQUEFACTION ANALYSES
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144-YR RETURN PERIOD (OBE)
June 2010 21-1-21199-002

3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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RESULTS OF LIQUEFACTION ANALYSES
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

NOTES

3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
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RESULTS OF LIQUEFACTION ANALYSES
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June 2010 21-1-21199-002

3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
Skagit County, Washington

RESULTS OF LIQUEFACTION ANALYSES
BORING DD17-3 LEVEE
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June 2010 21-1-21199-002

0

10

20

30

40

50

60

70

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

D
ep

th
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

Youd et al.(2001) Idriss & Boulanger (2006) Seed et al.(2003)

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

≥

SP-SM/SP 
(Hf)

0'

SM/ML
(Ha[ob])

12.0'

SM
(Ha[ob])

17.0'

SP/SP-SM
(Ha[cd])

26.0'

SP/GW/SW
(Ha[g])

33.5'

ML
(Ha[ob])

55.0'

Bottom of Boring at 
66.0 feet



DD22-1 Landward_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010

APPROXIMATE
SUBSURFACE 

PROFILE

cij

0

10

20

30

40

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

h
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

≥

SM 
(Ha[ob])

0'

SP-SM/SM 
(Ha[cd])

4.5'

SP/SP-SM 
(Ha[cd])

17.0'

SP 
(Ha[cd])

23.0'

GW 
(Ha[g])

33.0'

SM 
(He)

38.0'

Bottom of Boring at

1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
Skagit County, Washington

RESULTS OF LIQUEFACTION ANALYSES
BORING DD22-1 LANDWARD

144-YR RETURN PERIOD (OBE)
June 2010 21-1-21199-002

3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.20g
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Skagit River Levee General Investigation
Skagit County, Washington
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1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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Skagit River Levee General Investigation
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1.

2.

See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

NOTES

0

10

20

30

40

50

60

70

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

D
ep

th
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

Youd et al.(2001) Idriss & Boulanger (2006) Seed et al.(2003)

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

≥

CL
(Hf)

0'

SM (Hf)
4.5'

SM 
(Hf)

7.0'

ML 
(Ha[ob])

14.5'

ML 
(Ha[ob])

18.5'

SM/SP-SM
(Ha[cd])

23.0'

SP-SM 
(Ha[cd])

33.0'

SP-SM/SP
(Ha[cd])

48.0'

Bottom of Boring at 
61.5 feet



DD1-1 Landward_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010 cij

APPROXIMATE
SUBSURFACE 

PROFILE
0

10

20

30

40

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

h
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

≥

0'

SP-SP (HA)

9.5'

SP (HA)

14.5'

Bottom of Boring at

ML/SM
(Ha[ob])

SP-SM/SM
(Ha[cd])

SP/SP-SM
(Ha[cd])

June 2010 21-1-21199-002

FIG. D-17

NOTES
Skagit River Levee General Investigation

Skagit County, Washington
See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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NOTES
Skagit River Levee General Investigation

Skagit County, Washington
See main text for references.

The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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NOTES
Skagit River Levee General Investigation

Skagit County, Washington
1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-19

3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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FIG. D-20

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-21

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-22

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

RESULTS OF LIQUEFACTION ANALYSES
BORING DD3-1 LEVEE

975-YR RETURN PERIOD

NOTES
Skagit River Levee General Investigation

Skagit County, Washington

0

10

20

30

40

50

60

70

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

D
ep

th
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

Youd et al.(2001) Idriss & Boulanger (2006) Seed et al.(2003)

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

≥

SM (HF)

0'

SM (HF)

4.5'

SM (HA)

9.0'

ML (HL)
14.5'

ML (HL)
16.5'

SP
(Ha[g])

19.1'

SM (HE)

48.0'

SP-SM (HA)

53.0'

SM (HA)
59.0'

Bottom of Boring at 
61.5 feet

SM 
(Hf)

SM/ML
(Hf)

SM 
(Hf)

ML (Ha[ob])

ML/SM
(Ha[ob])

SP-SM
(Ha[cd])

SM 
(He)

SP-SM /SP
(Ha/He)

SM 
(Ha[cd])

SP-SM/SW-SM 
(Ha[cd])

23.0'

28.0'



DD17-1 Landward_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010 cij

APPROXIMATE
SUBSURFACE 

PROFILE
0

10

20

30

40

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

h
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

≥

ML (HL)

0'

SM (HA)

4.0'

GP (HA)

9.0'

SW-SM (HA)

14.0'

SW-SM (HA)

19.0'

SP-SM (HA)

35.0'

ML 
(Ha[ob])

SM 
(Ha[cd])

GP/SW
(Ha[g])

SW-SM/SM
(Ha[cd])

SW-SM/SP
(Ha[cd])

SP-SM 
(Ha[cd])

RESULTS OF LIQUEFACTION ANALYSES
BORING DD17-1 LANDWARD

975-YR RETURN PERIOD

NOTES
Skagit River Levee General Investigation

Skagit County, Washington
1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-23

3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-26

3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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FIG. D-28

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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FIG. D-29

3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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FIG. D-31

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.

RESULTS OF LIQUEFACTION ANALYSES
BORING DD22-2 LANDWARD

975-YR RETURN PERIOD

NOTES
Skagit River Levee General Investigation

Skagit County, Washington

0

10

20

30

40

50

60

70

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

D
ep

th
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

Youd et al.(2001) Idriss & Boulanger (2006) Seed et al.(2003)

SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

≥

ML
(Ha[ob])

0'

SM 
(Ha[ob])

9.0'

SP 
(Ha[cd])

12.0'

SM/ML 
(Ha[ob])

35.0'

Bottom of Boring at 
42.5 feet



DD22-2 Levee_SPT_Liquefaction_v2.1.6.xlsm 6/17/2010 cij

APPROXIMATE
SUBSURFACE 

PROFILE
0

10

20

30

40

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

h
 B

el
o

w
 G

ro
u

n
d

 S
u

rf
ac

e 
(f

ee
t)

Factor of Safety against Liquefaction

≥

CL
(Hf)

0'

SM (Hf)
4.5'

SM 
(Hf)

7.0'

ML 
(Ha[ob])

14.5'

ML 
(Ha[ob])

18.5'

SM/SP-SM
(Ha[cd])

23.0'

SP-SM 
(Ha[cd])

33.0'

3. Calculation of factors of safety based on M = 6.6, PGA = 0.36g
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FIG. D-32

1. See main text for references.

2. The liquefaction resistance of a soil is based on its density and fines 
content.  We used the results of the standard penetration testing to estimate 
the density, and the results of selected laboratory tests to estimate the fines 
content.
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