
'"••••'" i l ; . ^r^^s^>r^j^ 

GEOTECHNICAL ENGINEERING REPORT 
TULALIP CASINO 

QUIL CEDA BOULEVARD & 99™ STREET N.E. 
TULALIP, WASHINGTON 

Submitted to: 

Mr. T. Peter Mills 
The Tulalip Tribes 

8802—27* Avenue N.E. 
Marysville, Washington 98271 

Submitted by: 

AMEC Earth & Environmental, Inc. 
11335 N.E. 122"̂  Way. Suite 100 

Kirkland. Washington 98034-6918 

June 15,2001 

1-91M-13973-0 



dffiec 
June 15,2001 
1-91 M-13973^ 

The Tulalip Tribes 
8802—27'^ Avenue N.E. 
Marysville, Washington 98271 

Attention: Mr. T. Peter Mills 

Subject: Geotechnical Engineering Report 
Tulalip Casino 
Qui! Ceda Boulevard & 99* Street N.E. 
Tulalip, Washington 

Dear Peter: 

AMEC Earth & Environmental, Inc. (AMEC) is pleased to submit this report describing our geotechnical 
engineering evaluation for the above-referenced project. The purpose of our evaluation was to derive design 
conclusions and recommendations concerning site preparation, foundations, floors, drainage, backfilled walls,, 
underground utilities, pavement sections, and structural fill. 

Our scope of work was outlined in our proposals dated December 4, 2000 and May 22, 2001. Our work 
included a field exploration, infiltration testing, laboratory testing, geotechnical research, geotechnical 
analyses, and report preparation. We received your written authorization for our initial proposal on April 20, 
2001 and for our infiltration testing on May 24,2001. This report has been prepared for the exclusive use of 
The Tulalip Tribes and their consultants, for specific application to this project, in accordance with generally 
accepted geotechnical engineering practice. 

We appreciate the opportunity to be of sen/ice on this project and would be happy to answer any questions 
you may have. 

Sincerely, 

AMEC Earth & Environmental, Inc. 

Todd D. Wentworth. P.E. 
Senior Project Engineer 
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GEOTECHNICAL ENGINEERING REPORT J-91M-13973-0 
TULALIP CASINO 
QUIL CEDA BOULEVARD & 99™ STREET N.E. 
TULALIP, WASHINGTON 

1.0 SUMMARY 

The following summary of project geotechnical considerations is presented for introductory 
purposes and, as such, should be used only in conjunction with the full text of this report. 

• Project Description: Development plans call for constructing a one- and two-story 
casino building with decorative fountains and pools, in addition to an employee 
daycare center, maintenance building, asphalt-paved parking areas, infiltration 
facilities at the project site. 

• Exploratory Methods: We explored subsurface conditions by means of 35 test pitŝ  
3 cone penetrometer tests (CPT), and 8 infiltration tests advanced at selected 
locations across ttie project site, to depths ranging from about 8V2 to 30 feet below" 
existing grades. We also reviewed the logs of 5 test pits previously conducted by 
AMEC for the adjacent property to the south. 

• Soil Conditions: Soils underiying ttie site generally consist of loose grading to dense 
recessional outwash sand and silty sand. 

• Groundwater Conditions: We encountered slow to moderate rates of seepage in 
all but two of our test pits at depths ranging from about 6 to 10 feet below existing 
grades. The CRTs indicated groundwater levels ranging from approximately 11 to 
18 feet, based on pore pressure measurements. 

• Infiltration Conditions: We estimate existing groundwater elevations, observed 
during our recent exploration program, are at or are just below high groundwater 
elevations, ranging from as low as about 42 feet at the southeastern comer to as 
high as 54 feet in the northwestern comer. Based on results of our field infiltration 
tests and grain size analyses, we recommend using a measured infiltration rate of 
40 inches per hour, 30 inches per hour, and 138 inches per hour for design of 
stormwater infiltration facilities at the primary, potential, and northeastem alternate 
infiltration locations, respectively. These rates must be divided by an appropriate 
deign factor of safety. 

• Foundations: In our opinion, conventional spread footings can be supported on 
native sand or firm and unyielding structural fill. We recommend using a maximum 
allowable bearing pressure of 2,000 psf for design of footings embedded a minimum 
of 18 inches below final grades. Higher allowable bearing pressures are provided 
in Section 6.2 for greater embedment depttis; 
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Floors: Soil-supported, slab-on-grade floors can be used within the new buildings, 
contingent on proper subgrade preparation. 

Backfilled Walls: For retaining walls supporting the proposed ponds and loading 
docks, we recommend using active and at-rest pressures expressed as equivalent 
fluid pressures equal to 35 pcf and 55 pcf̂  respectively. 

Pavement: The minimum pavement section for car areas should consist of Th 
inches of asphalt over 4 inches of caished rock base. Driveways and bus and RV 
parking areas should consist of 4 inches of asphalt over 8 inches of crushed rock 
base. 
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2.0 SITE AND PROJECT DESCRIPTION 

The project site is an existing vacant lot located north of 99"' Place N.E. and east of Interstate 5 in 
Tulalip, Washington. This lot consists of a roughly square parcel that measures about 2,000 by 
1,900 feet overall and encompasses approximately 87 acres. Site boundaries are generally 
delineated by Quil Ceda Boulevard on the east, by 105* Street'E.' on the north, by 2?" Avenue on 
the west, and by 99* Street E. on the south. The enclosed Site & Exploration Plan (Figure 2) 
illustrates these site boundaries and adjacent existing features. 

Based on information supplied to us, the proposed development consists of constructing a new 
one- and two-story casino building with an adjacent sculpture fountain and pool. Paved parking 
areas, in addition to an employee daycare building and a maintenance building, will surround the 
casino. We anticipate that the building walls and columns will impose relatively low to moderate 
foundation loads. Infiltration trenches or retention ponds will be used to manage storm watpr. At 
the time of our study. Pacific Land Design, Inc. supplied the locations of the proposed infiltration 
facilities. A primary and an altemate facility are located in the southeastem comer of the site, each 
measuring approximately 62,000 square feet. Two 4,000-square foot trenches, are located east 
of the building and an additional 62,000-square foot, altemate facility is located in the northeastem 
site comer. 

The conclusions and recommendations contained in this report are based on our understanding 
of the currently proposed utilization of the project site, as derived from layout drawings, written 
infonnation, and verisal infonnation supplied to us. Consequently, if any changes are made in the 
currently proposed project, we may need to modify our conclusions and recommendations 
contained herein to reflect those changes. 

WKIRKlAND_MAlN\VOl.1\SHARED\WORDPROa_Prejecls\13000»«3973 Tulalip TribesVTulanp Caslno-RpLdoc 



The Tulalip Tribes , 1-91M-13973-0. 
June 15,2001 " Page 4 

3.0 EXPLORATORY METHODS 

We explored surface and subsurface conditions at the project site on May 1 and 2 and June 4 and 
5, 2001. Our exploration and testing program comprised the following elements: 

• A visual surface reconnaissance of the site; 

• Three probings (designated CPT-1 through CPT-3) with Cone Penetration Tests, 
advanced at selected locations across the site; 

• 35 test pits (designated TP-1 through TP-21), advanced at selected locations across 
the site; 

• Eight infiltration tests (designated IT-1 through IT-8), performed in strategically 
located test pits; 

• A review of the logs of five test pits (herein designated ATP-8 through ATP-10, ATP-
12 and ATP-15), advanced along 99"" Street East during a previous study, 
documented in our Geotechnical Engineering Evaluation—Qu;7 Ceda Place 
Development 0-9^M-^37Q5-0, dated December 4, 2000; 

• Ten grain size analyses and ten moisture content determination tests, performed 
on selected soil samples obtained from strategic locations beneath the site; 

• One Califomia Bearing Ratio (CBR) test, perfomried on a selected near-surface soil 
sample obtained from the site; 

• A review of published geologic and seismologic maps and literature. 

Table 1 summarizes the approximate functional locations, surface elevations, and termination 
depths of all pertinent subsurface explorations, and Figure 2 depicts their approximate relative 
locations. Appendix A of this report describes our field exploration procedures, and Appendix B 
describes our laboratory testing procedures. 
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TABLE 1 1 
APPROXIMATE LOCATIONS, ELEVATIONS, AND DEPTHS OF EXPLORATIONS | 

Exploration 

CPT-1 1 
CPT-2 
CPT-3 
TP-1 
TP-2 
IP-3 
TP-4 
TP-5 
TP-6 
TP-7 
TP-8 
TP-9 

TP-10 
TP-11 
TP-12 
TP-13 
TP-14 
TP.15 
TP-16 
TP-17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-22 

TP-23/IT-1 
TP-24 

TP-25/IT-2 
TP-26 

TP-27/IT-3 
TP-28 

TP-29/IT-4 
TP-30 
TP-31 

TP-32/iT-5 
TP-33/IT-6 
TP-34/IT-7 
TP-35/IT-8 

ATP-8 
ATP-9 
ATP-10 
ATP-12 
ATP-15 

1 Elevation datum 
1 Evaluation for p 

Proposed Functional Location 

Pond/pylon sign; E. side of site 1 
Mid-eastern side of building footprint 
Mid-western side of building footprint 
Parking lot; S.E. comer of site 
Daycare center; S.W. comer of site 
Parking lot/driveway; S.W. comer of site 
Maintenance building; W. side of site 
Bus parking/access road; W. side of site 
RV paricing lot; W. side of site 
Parking lot; N.W. comer of site 
Driveway; N. side of site 
Parking lot; N.E. comer of site 
Pond; E. side of site 
infiltration gallery; S. side of site 
Infiltration gallery; S.E. of building footprint 
Front of building; E. side of site 
N.E. comer of building footprint 
N.W. comer of building footprint 
S.W. comer of building footprint 
S.E. comer of building footprint 
Bus stop; W. side of site 
Infiltration gallery; N.W. comer of site 
Extension of Quil Ceda Blvd.; N.E. site comer 
Extension of Quil Ceda Blvd.; S.E. side of site 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site comer 
Primary infiltration area, S.E. site corner 
S. potential infiltration area, E. of building 
S. potential infiltration area, E. of building 
N. potential infiltration area, E. of building 
N. potential infiltration area, E. of building 
N.E. altemate infiltration area, N.E. site comer 
N.E. altemate infiltration area, N.E. site comer 
N.E. altemate infiltration area, N.E. site comer 
99'^ Street N.E., S.W. comer of site 
99'^ Street N.E., S.W. comer of site 
99*' Street N.E., Mid-south side of site 
gg*' Street N.E., S.E. comer of site 
99" Street N.E., S.E. comer of site 

: Based on topographic sun/ey prepared by Dowl Engineers for cum 
revious study. 

Surface 1 
Elevation 

(feet) 

55 1 
57/2 
58 

52/2 
54 
58 
56 

60/2 
59 

61 

58/2 
59 
54 
55 
56 
56 

56/a 
58 
57 
57 

56/2 
60 
59 
55 
54 
54 
55 

54/2 
54/2 
55 
55 
56 
56 

56/2 
56/2 
59 

57/2 
57 
55 
52 
52 
53 

1 54 
ant study and on 

Termination 1 
Depth 
(feet) 

30 1 
30 

30/2 
12 
8/2 

9 
10 
g 
9 

10/2 
g 
11 

10 

10/2 
9/2 

10 
9 

9/2 

11 
1 10/2 

10 

8/2 

11/2 
10/2 
11 
11 
12 
12 
13 

12/2 
12 

8 

8 

10 

9/2 

15 
14 

13/2 
10 
10 
10 
14 

1 14/2 

above-referenced^ 
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The specific number, locations, and depths of our explorations were selected by AMEC in relation 
to the existing and proposed site features, under the constraints of surface access, underground 
utility conflicts, and budget considerations. We estimated the relative location of each exploration 
by measuring from existing features and scaling these measurements onto a layout plan and onto 
a topographic survey supplied to us, then we estimated their elevations by interpolating between 
contour lines and spot elevations shown on the latter plan. Consequently, the data listed in Table 
1 and the locations depicted on Figure 2 should be considered accurate only to the degree 
pennitted by our data sources and implied by our measuring methods. 

It should be realized that the explorations performed and utilized for this evaluation reveal 
subsurface conditions only at discrete locations across the project site and that actual conditions 
in other locations could vary. Furthemnore, the nature and extent of any such variations would not 
become evident until additional explorations are perfomned or until construction activities have 
begun. If significant variations are observed at that time, we may need to modify our conclusions 
and recommendations contained in this report to reflect the actual site conditions. 
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4.0 SITE CONDITIONS 

The following sections of text present our observations, measurements, findings, and 
interpretations regarding surface, soil, groundwater, infiltration, and seismic conditions at the 
project site. 

4.1 Surface Conditions 

The project site and the sun-ounding area are relatively flat and level. The site has been recently 
cleared of all vegetation, though significant woody debris remains scattered across much of the 
site. Topsoil has been stripped only from approximately the eastern 500 feet along the proposed 
frontage road (Quil Ceda Boulevard). A large stockpile is situated near the southeastem comer 
of the lot. 

4.2 Soil Conditions 

USDA Soil Conservation Survey maps indicate that the majority of site soils are classified as the 
Lynden Loamy Sand, while the soils along the western margin of the site are classified as the 
Custer Fine Loamy Sand. According to published geologic maps, soil conditions in the site vicinity 
are characterized by recessional outwash sand. Recessional outwash is deposited by meltwater 
streams emanating from a receding glacier. As a result of not having been ovenidden by the ice 
sheet, these sediments tend to be loosely compacted, by only the weight of any overiying 
sediments. The description of the mapped unit on the USGS Geologic Map of the Marysville 
Quadrangle, Snohomish, Washington (MF-1743) indicates that these sediments are found locally 
up to 30 meters thick. 

Our on-site explorations revealed fairly uniform near-surface soil conditions and confirmed the 
mapped stratigraphy. In general, our explorations encountered up to 17 inches of duff and topsoil 
still remaining across the site after clearing. Below this, our explorations revealed up to 7 feet of 
loose to medium-dense, silty, fine sand, grading to fine to coarse sand with trace gravel. In one 
area, the soil was medium-dense at the surface where our test pit, TP-10, was excavated in an 
area that appears to have experienced heavy construction traffic. The soil graded to medium-
dense between /a and 8 feet below existing grade. According to the CRT's, site soils fluctuated 
between medium-dense and dense below about 7 feet. 

The enclosed exploration logs provide a detailed description of the soil strata encountered in our 
subsurface explorations. Table 2 summarizes the approximate thicknesses, depths and elevations 
of selected soil layers. The enclosed Geologic Cross-Section A-A' (Figure 3) illustrates our 
stratigraphic interpretations at selected locations across the project site. 
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TABLE 2 
APPROXIMATE THICKNESSES, DEPTHS AND ELEVATIONS OF SOIL 

ENCOUNTERED IN EXPLORATIONS 
LAYERS 

Exploration 

Thickness 
of Duff and 

Topsoil 
(inches) 

Thickness 
of Loose to 

Medium-Dense 
Sand 
(feet)_ 

Depth 
of Medium-Dense 

Sand 
(feet) 

Elevation 
of Medium-
Dense Sand 

(feet) 

TP-1 
TP-2 
TP-3 
TP-4 
TP-5 
TP-6 
TP-7 
TP-8 
TP-9 

TP-10 
TP-11 
lP-12 
TP-13 
IP-14 
IH-15 
lP-16 
TP-17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-22 

1P-23/IT-1 
TP-24 

TP-25/IT-2 
IP-26 

TP-27/IT-3 
TP-28 

1P-29/IT-4 
TP-30 
TP-31 

TP-32/IT-5 
TP-33/iT-6 
TP-34/IT-7 
TP-35/IT-8 

CPT-1 
CPT-2 
CPT-3 
ATP-8* 
AIP-9* 

N/E 
3 
3 
9 
6 
12 
6 
6 

N/E 
N/E 
10 
12 
9 
10 
6 
13 
8 
14 
8 
2 

N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
12 
17 
15 
6 
9 
6 

N/E 
N/E 

6 
12 
6 

N/E 

2/2 
2% 
IV* 
N/E 
N/E 
4 
7 
7 
3 

N/E 
2 
1 

VA 
3 
4 
5 

5/2 
7 
2 

1/2 
7 

3/2 
4/2 
1 

3/2 
2 
2 
4 

N/E 
Vh 
N/E 
2/2 

ly* 
1/2 
2 
3 

2/2 

5 
9/2 
8 

2/2 
2/2 
2/2 

5 
7/2 
7/2 
3 

G/S 
2/2 
2 
2 

3/2 
4/2 
6 
6 
8 

2/2 
1/2 
7 

3/2 
4/2 
1 

3/2 
2 
2 
4 
1 
3 

1/2 

3 
2/2 
2 
2 
3 
3 
6 

N/E 
8 

50 
51/2 
55/2 
55% 
60 
54 

53/2 
51 
56 
54 

52/2 
54 
54 
53 

53/2 
51 
51 

48/2 
57/2 
57/2 
48 

50/2 
49/2 
54 
51 

52/2 
53 
51 
55 
53 
55 

53/2 
56/2 
55/2 
55 
52 

54/2 
52 
N/E 
44 
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1 TABLE 2 1 
APPROXir^ATE THICKNESSES, DEPTHS AND ELEVATIONS OF SOIL LAYERS 

ENCOUNTERED IN EXPLORATIONS | 

Exploration 

ATP-10* 
ATP-12* 
ATP-15* 

Thickness 
of Duff and 

Topsoil 
(inches) 

N/E 
/ 2 

N/E 

Thickness 
of Loose to 

Medium-Dense ^ 
Sand 
(feet) 

a 
9 
8 

Depth 
ofi^edium-Dense 

Sand 
(feet) 

8 
9 
8 

Elevation 
of iVIedium-
Dense Sand 

(feet) 

44 
44 
46 1 

Elevation datum: Based on topographic sun/ey prepared by Dowl Engineers 1 
N/E = not encountered within depth of exploration. 
G/S = exposed at ground surface. 
•Thickness of topsoil measured at time of previous exploration. November 14, 2000. At the time of our recent study, May 

1 1 and 2.2001, the surface of Qg*̂  Street N.E. was covered with cnjshed rock base course. 

Our geotechnical laboratory tests revealed that the site soils have a fines (silt and clay) content of 
less than 3 percent, and a moisture content ranging from 5 to 21 percent. We interpret these soils 
to be currently near or above their optimum moisture contents, and to be moderately sensitive to 
moisture content variations. The enclosed laboratory testing sheets graphically present our test 
results, and Table 3 summarizes these results. 
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TABLE 3 
LABORATORY TEST RESULTS 

Soil Source 

TP-1 / S-1 
TP-6 / S-1 
TP-7 / S-1 

TP-11 / S-2 
TP-11 / S-3 
TP-12/S-3 
TP-12/S-5 
TP-14/S-1 
TP-14/S-3 
TP-15/S-2 
TP-19/S-2 
TP-19/S-4 
TP-20 / S-2 
TP-21 / S-1 

TP-23 (IT-1)/S-1 
TP-24 / S-1 

TP-25 (lT-2) / S-1 
TP-26 / S-1 

TP-29 (IT-4) / S-1 
TP-31 / S-1 

Sample 
Depth 
(feet) 

VA 
3 

VA 
4 
5 
4 
9 
2 
4 

5/2 

3 
6 

2/2 

2-3 
TA 
872 

7/2 

8 
4 

A'A 

Moisture 
Content 
(percent) 

8 
10 
21 
18 
13 
9 

20 
18 
9 
19 
10 
21 
6 
5 
6 
7 
5 
8 
8 
15 

FOR ON-SITE SOILS 
Gravel 

Content 
(percent) 

^ .N/T 
N/T 
N/T 
N/T 
3 

NH-
0 

Nff 
N/T 
N/T 
Hrr 
N/T 
HfT 
N/T 
0 
0 
0 
0 
4 
0 

Sand 
Content 
(percent) 

N/T 
N/T 
N/T 
N/T 
94 
N/T 
98 
HfT 
N/T 
N/T 
N/T 
N/T 
N/T 
N/T 
100 
99 
99 
99 
95 
100 

Silt/Clay 
Content 
(percent) 

N/T 
N/T 
N/r 
N/T 
3 
2 
2 

N/T 
N/T 
N/T -
N/T 

1 
N/T 
N/T 
0 
1 
1 1 
1 
1 
0 1 

1 N/T = not tested 

4.3 Groundwater Conditions 

At the time of our exploration program (May 1 and 2, 2001 and June 4 and 5, 2001), 21 of our 
explorations encountered groundwater, at depths ranging from 6 to 18 feet below existing grades 
and at elevations ranging from 52/2 to 37 feet. We observed the groundwater level to be at a 
higher elevation on the western side of the site and drops to the east/southeast. This correlates 
well with the elevation of the wetlands south of 99* Place N.E. The banks of the two northemmost 
forks of the wetlands are approximately 50 feet on the west and 48 feet on the east. Table 4 
summarizes the approximate groundwater depths and elevations that we measured/interpreted in 
our explorations. 

Because this winter and eariy spring have been unusually dry, we infer that higher groundwater 
levels will occur during nomnal winter and spring months and after periods of heavy rainfall. We 
estimate that yeariy high groundwater levels most likely reach elevations of about 1 foot higher than 
those measured at the time of our recent exploration. Figure 4 displays our Estimated High 
Groundwater Elevation Map. Throughout the year, groundwater levels would likely fluctuate in 
response to changing precipitation patterns, off-site construction activities, and site utilization. 
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TABLE 4 1 
APPROXIMATE DEPTHS AND ELEVATIONS OF GROUNDWATER | 

Exploration 

TP-1 
TP-2 
TP-3 
TP-4 
TP-5 
TP-6 
TP-7 
TP-8 
TP-9 
TP-10 
TP-11 
TP-12 
TP-13 
TP-14 ! 
TP-15 
TP-16 
TP-17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-22 

TP-23/IT-1 
TP-24 

TP.25/IT-2 
TP-26 

TP-27/IT-3 
TP-28 

TP-29/IT-4 
TP-30 
TP-31 

TP-32/IT-5 
TP-33/IT-6 
TP-34/IT-7 
TP-35/IT-8 

CPT-1 
CPT-2 

. CPT-3 
ATP-8 
ATP-9 

ATP-10 
ATP-12 
ATP-15 

JN/E = notencounte 

ENCOUNTERED IN EXPLORATIONS 1 
Depth of Groundwater 

(feet) 
10 \ 
6 
6 
6 
8 
7 
9 
7 
10 
9 
7 
9 
9 ' 
8 

7/2 

10/2 
10 
8 
8 

N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
9/2 

9 
N/E 
N/E 
N/E 
55 

57/2 
58 
5 
8 
8 
11 

N/E 

Elevation of Groundwater 
(feet) 
42/2 - -• ~\ 
48 -
52 
50 

52/2 
52 
52 

51/2 
49 
45 
48 
47 
47 

48/2 
50/2 
46/2 
47 

48/2 
52 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E 
N/E ^ 
N/E 
47 

47/2 
N/E 
N/E 
N/E 
37 

45/2 
47 
50 
44 
44 
42 

i N/E 

Date of Measurement 

May 1.2001 "1 
May 1,2001 
May 1,2001 
May 1,2001 
May 1,2001 
May 1,2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1,2001 
May 1.2001 
May 1,2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1.2001 
May 1,2001 
May 1,2001 
June 4. 2001 
June 4, 2001 
June 4, 2001 1 
June 4, 2001 
June 4, 2001 
June 4, 2001 
June4, 2001--
June 4, 2001 
June 4, 2001 
June 4, 2001 
June 4, 2001 
June 5, 2001 
June 5, 2001 
June 5, 2001 
May 2, 2001 
May 2, 2001 
May 2, 2001 

November 14, 2000 
November 14. 2000 
November 14,2000 

1 November 14. 2000 
November 14.2000 | 

red within depth of exploration ~1 
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4.4 Infiltration Conditions 

No wells were installed in order to monitor year-round groundwater level fluctuation. However we 
estimate that the existing groundwater levels are at or just below the yeariy high levels. Figure 4 
illustrates our estimation of the yeariy high levels. 

The USDA Soil Conservation Sun/ey describes the Lynden Loamy Sand as being well drained, 
while tine Custer Fine Loamy Sand is described as being pooriy drained with moderately slow rates 
of infiltration and slow run-off rates. Based on our laboratory grain size analyses perfomned on 
samples obtained from the proposed infiltration gallery locations, the site soils below the upper silty 
sand correspond to the texture class 'Sand' on the USDA Textural Triangle, Figure 6.2 of the 
Tulalip Tribes Stormwater Management Manual and to soil texture class 'Medium Sand" on Table 
6.3 of the Manual. These tests were performed on samples obtained from depths of 4 to 8/2 feet 
below existing grades. Table 6.3 of the above-referenced Manual indicates that the infiltration rate 
for texture class 'Medium Sand' is 12 inches per hour (5 minutes per inch). Its hydrologic soil group 
corresponds to 'A', described as having high water transmission rates and low runoff potential. 

Due to the relatively conservative infilti-ation rate provided by the stonnwater manual, and the large 
volume of stormwater to infiltrate at this site, our original scope of work was expanded to include 
infiltration testing in order to provide a more accurate infiltration rate for design. 

Infiltration tests were perfomned within all but one of the proposed infilti^tion areas shown on Figure 
2. Tests were not performed in the southeastem altemate location due to time and budget 
constraints. Our field infiltration tests disclosed somewhat variable infiltration rates across Uie site. 
Based on our tests, average, measured infiltration rates for Uie proposed primary, potential, and 
northeastem altemate infiltration areas are 40 inches per hour, 31 inches per hour, and 138 inches 
per hour, respectively. Measured infiltration rates for the individual test locations were consistent 
within each respective infiltration area with the exception of the proposed primary infiltration 
location. Here, our measured rates ranged from 12 inches per hour to 62 inches per hour, the 
slowest of which was obtained fnam near the center of the proposed infiltration facility. Table 5 
summarizes the results of our infiltration testing. 
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IN 

Infiltration 
Tost 

IT-1 
IT-2 
IT-3 
IT-4 
IT-5 
IT-6 
IT-7 

1 IT-8 

Exploration 

TP-23 
TP-25 
TP-27 
TP-29 
TP-32 
TP-33 
TP-34 
TP-35 

FILTRAT 
Test 

Depth 
(feet) 

7/2 

7/2 

8/2 

4 
4 / j 

9/2 

10 
11/2 

TABLE 5 1 
ON TEST RESULTS FOR IN-SITU SOILS | 

Soil Type 

Fine sand, trace silt 
Fine to medium sand, trace silt 
Medium to coarse sand 
Medium to coarse sand, trace gravel 
Medium to coarse sand, trace gravel 
Fine to medium sand, trace silt 
Fine to medium sand, trace silt 
Medium to coarse sand, trace gravel 

Average Infiltration Rate 

62in./hr. (1.0min./in.) 
12 in./hr. (5.0 min./in.) 
45in./hr. (1.3 min./in.) 
31 in./hr. (1.9miniin.) 
30 in./hr. (2.0 min./in.) 
158in7hr. (0.4 min./in.) 
128in./hr. (0.5min./in.) 
128in7hr. (0.5min./in.) 

4.5 Seismic Conditions 

Based on our analysis of subsurface exploration logs and our review of published geologic maps, 
we interpret the on-site soil conditions to correspond to seismic soil profile types S-D as defined 
by Table 16-J of the 1997 Unifonn Building Code. Cun-ent (1996) National Seismic Hazard Maps 
prepared by tiie U.S. Geological Survey indicate Uiat a peak bedrock site acceleration coefficient 
of about 0.26 is appropriate for an earthquake having a 10-percent probability of exceedance in 
50 years (corresponding to a return interval of 475 years). According to Figure 16-2 of the 1997 
Unifonn Building Code, the site lies within seismic risk zone 3. 
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5.0 LIQUEFACTION ANALYSIS 

Liquefaction can be defined as the sudden loss of shear strength in a soil due to an excessive 
buildup of pore water pressure. Liquefied soil layers generally follow a path of least resistance to 
dissipate pore pressures, often resulting in sudden surface settlement, sand boils or ejections, 
and/or lateral spreading. Clean, loose to medium dense, uniform, fine grained, saturated sands 
are particulariy susceptible to liquefaction. Our subsurface investigation encountered loose silty 
sand and medium-dense sand. 

We completed liquefaction analyses in accordance with methods developed by Seed and Others 
(1983). We analyzed for liquefaction susceptibility based on a Magnitude 7.5 earthquake with a 
peak horizontal site acceleration of 0.26g. Based on our analysis, the sand layers have no 
potential for liquefaction or liquefaction-induced settlement. The analysis shows that there is no 
potential for liquefaction because of the moderately high density of the sands. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

Development plans call for constmcting a new casino, employee daycare center, and maintenance 
building at the project site with surrounding parking lots and driveways. Based on our field 
explorations, research, and analyses, tiie proposed casino, sumDunding parking areas, and outlying 
buildings appear feasible from a geotechnical standpoint, contingent on the recommendations 
presented herein. 

The following text sections of this report present our specific geotechnical conclusions and 
recommendations concerning site preparation, spread footings, slab-on-grade floors, drainage 
systems, backfilled walls, underground utilities, asphaltic pavements and structural fill. WSDOT 
Standard Specifications cited herein refer to WSDOT publications M41-10, 1998 Standard 
Specifications for Road, Bridge, and Municipal Construction. 

6.1 Site Preparation 

Preparation of the project site might or should involve temporary drainage, clearing, stripping, 
cutting, filling, erosion control, dewatering, and subgrade compaction. The paragraphs below 
discuss our geotechnical comments and recommendations concerning site preparation. 

Temporary Drainage: We recommend intercepting and diverting any potential sources of surface 
or near-surface water witiiin the constmction zones before stripping begins. Because tiie selection 
of an appropriate drainage system will depend on the water quantity, season, weatiier conditions, 
construction sequence, and contractor's methods, final decisions regarding drainage systems are 
best made in the field at tiie time of constmction. Nonetheless, we anticipate tiiat curt)s, berms, 
or ditches placed around the wori< areas will adequately intercept surface water runoff. 

Clearing and Stripping: After surface and near-surface water sources have been controlled, the 
construction areas should be cleared and stripped of all remaining vegetation and woody debris. 
Our explorations indicate that an average thickness of about 6V2 inches of duff and topsoil will be 
encountered across the site, but significant variations could exist. Furthermore, it should be 
realized that if tiie stripping operation proceeds during wet weather, a generally greater stripping 
depth might be necessary to remove disturtDed moisture-sensitive soils; tiierefore, stiipping is best 
performed during a period of dry weather. 

Dewatering: Our explorations encountered groundwater at depths of about 6 to 18 feet below 
grade at tiie time of our exploration program, but we expect that groundwater levels will rise at least 
1 to 2 feet during the winter and spring. Consequentiy, site excavations might extend below the 
groundwater level, depending on the actual excavation depth and time of year. For additional 
dewatering recommendations, refer to Section 6.6. 

Subgrade Compaction: Exposed subgrades for footings, floors, pavements, and other structures 
should be compacted wiUi a vibratory roller to a finn, unyielding state. Any localized zones of loose 
granular soils obsen/ed within a subgrade should be compacted to a density commensurate with 

\\KIRKlAND_MAIN\VOL1\SHARED\WORDPROa_Pro)ecls\13000»\13973 Tulalip TribesVTuUlp Caslno-Rpt.doe 



The Tulalip Tribes . 1-91 M-13973^0 
June 15.2001 Page 16 

the surrounding soils. In contrast, any organic, soft, or pumping soils observed within a subgrade 
should be overexcavated and replaced with a suitable structural fill material. 

On-Site Soils: Because only minor cuts are planned for the project, we expect that only small 
quantities of on-site soils will be generated during earthwork activities. Nonetheless, we offer the 
following evaluation of these on-site soils in relation to potential'use as structural fill. 

• Surficial Organic Soils: The duff, topsoil, and organic-rich soils mantiing most of the 
site are not suitable for use as structural fill under any circumstances, due to their 
long-tenn compressibility. Consequently, tinese materials can be used only for non­
structural purposes, such as in landscaping areas. 

• Upper Silty Sands: The silty sands underlying the surficial organic soils appear 
marginally suitable for reuse as structural fill at their present moisture contents. 
These soils would be difficult to reuse during wet weather, due to their high silt 
contents. 

• Recessional Sand: The fine to medium grained sands appear suitable for reuse as 
structural fill at their present moisture contents. However, these soils are relatively 
uniform and will require moisture conditioning and careful compaction to achieve 
high densities. 

Wet-Weather Considerations: As discussed above, the on-site soils may be difficult to reuse as 
structural fill during extended periods of wet weather. Consequently, the project specifications 
should include provisions for using imported, clean, granular fill in case site filling must proceed 
during wet weather. For general stmctural fill purposes, we recommend using a well-graded sand 
and gravel, such as "Ballast" or "Gravel Bon-ow" per WSDOT: 9-03.9(1) and 9-03.14, respectively. 

6.2 Spread Footings 

In our opinion, conventional spread footings will provide adequate support for the proposed 
buildings if the subgrades are properiy prepared. We offer the following comments and 
recommendations for purposes of footing design and construction. 

Footing Depths and Widths: For frost and erosion protection, the bottoms of all exterior footings 
should bear at least 18 inches below adjacent outside grades, whereas the bottoms of interior 
footings need bear pnly 12 Inches below the surrounding slab surface level. However, greater 
depths might be needed for bearing purposes in certain locations, as discussed below. To minimize 
post-constmction settlements, continuous (wall) and isolated (column) footings should be at least 
18 and 24 inches wide, respectively. 

Bearing Subgrades: The sandy soils underiying the proposed building footprints appear well-suited 
for supporting spread footings, due to Uieir moderately high shear sti-ength and low compressibility. 
However, the upper portion of this sandy soil is typically in a loose condition. For this reason, 
before forms and rebar are placed, tiie footing subgrades should be compacted at least 92% of Uie 
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maximum dry density (ASTM:D-1557). These soils are typically well-drained and water may need 
to be added to bring the subgrade to or near optimum moisture content. Any localized zones of 
soft, organic, or debris-laden soils should be overexcavated and replaced with suitable structural 
fill. 

Subgrade Verification: All footing subgrades should consist of elQier medium-dense, undisturiaed, 
native soils or compacted structural fill materials placed over native soils. Footings should never 
be cast atop loose, soft, or frozen soil, nor should they be cast atop slough, debris, existing 
uncontrolled fill, or surfaces covered by standing water. We recommend that the condition of all 
subgrades be verified by an AMEC representative before any fill and/or concrete is placed. 

Bearing Capacities: Based on the bearing subgrade conditions described above, we recommend 
that all footings be designed for tiie following allowable soil bearing capacities, which incorporate 
static and seismic safety factors of at least 2.0 and 1.5, respectively. The following Table provides 
for higher bearing pressures provided the depth of embedment is increased. 

Embedment Static Bearing Seismic Bearing 
1.5 feet 2,000 psf 2,600 psf 
3.0 feet 2,500 psf 3,300 psf 
4.5 feet 3,000 psf 4,000 psf 

Footing Settlements: We estimate that total post-construction settlements of properly designed 
footings bearing on properiy prepared subgrades will not exceed 1 inch. Differential settlements 
could approach one-half of the actual total settlement between adjacent foundation elements. 
These settlements would be reduced if the actual design bearing pressures are lower than our 
recommended maximum pressures. 

Footing and Stemwall Backfill: To provide erosion protection and lateral load resistance, we 
recommend that all footing excavations be backfilled on both sides of the footings and stennwalls 
after the concrete has cured. EiUier imported structural fill or non-organic on-site soils can be used 
for this purpose, contingent on a suitable moisture content at the time of placement. Regardless 
of soil type, all footing backfill soil should be compacted to a density of at least 90 percent (based 
onASTM:D-1557). 

Lateral Resistance: Footings and stemwalls that have been properiy backfilled as described above 
will resist lateral movements by means of passive earth pressure and base friction. We 
recommend using the following design values, which incorporate static and seismic safety factors 
of at Jeast 1.5 and 1.1, respectively. Base friction can be combined with the respective passive 
pressure to resist static and seismic loads. 

Design Parameter Allowable Value 
Static Passive Pressure 300 pcf 
Seismic Passive Pressure 400 pcf 
Base Friction Coefficient 0.4 
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6.3 Slab-on-Grade Floors 

in our opinion, soil-supported slab-on-grade floors can be used in the proposed buildings if the 
subgrades are properiy prepared. 

Subgrade Conditions and Verification: All soil-supported slab-on-grade floors should bear on firm, 
unyielding native soils or on suitable stmctural flll. We recommend that the condition of all 
subgrades and overiying layers be verified by an AMEC representative before any fill or concrete 
is placed. 

Capillary Break: To retard the upward wicking of groundwater beneath the floor slab, we 
recommend that a capillary break be placed over the subgrade. Ideally, this capillary break would 
consist of a 4-inch-thick layer of pea gravel or otiier clean, unifonn, well-rounded gravel, such as 
"Gravel Backfill for Drains" per WSDOT Standard Specification 9-03.12(4). Alternatively, angular 
gravel can be used if it is sufficiently clean and unifonn to prevent capillary wicking. 

Vapor Banier We recommend that a layer of durable plastic sheeting (such as Crosstuff, Moistop, 
or Visqueen) be placed directiy between the capillary break and the floor slab to prevent ground 
moisture vapors from migrating upward through the slab. During subsequent casting of the 
concrete slab, the contractor should exercise care to avoid puncturing this vapor banier. 

Curing Course: A "curing course" is a thin layer (typically 2 inches thick) of clean sand that is 
sometimes placed over the vapor banier to facilitate uniform curing of the overiying concrete slab. 
Recent studies, however, have indicated tiiat tills course is not necessary when moderately strong 
concrete is used for the slab, and some structural engineers believe it can be detrimental to a 
slab's long-temn perfonnance. Consequently, we recommend that the project structural engineer 
be allowed to decide whether a curing course should be used. 

Vertical Deflections: Soil-supported slab-on-grade floors can deflect downward when vertical loads 
are applied, due to elastic compression of the subgrade. In our opinion, a subgrade reaction 
modulus of 150 pounds per cubic inch can be used to estimate such deflections. 

6.4 Drainage Systems 

In our opinion, the buildings should be provided with permanent drainage systems to minimize the 
risk of future moisture problems. We offer the following recommendations and comments for 
drainage design and constmction purposes. 

Perimeter Drains: We recommend that each building be encircled witii a perimeter drain system 
to collect seepage water. This drain should consist of a 4-inch-diameter, rigid, perforated pipe 
within an envelope of pea gravel or washed rock. The envelope should extend at least 6 inches 
on all sides of tiie pipe and should be wrapped witii filter fabric to reduce tiie migration of fines from 
the sun-ounding soils, ideally, the drain invert would be installed no more Uian 8 inches above or 
below the base of the perimeter footings. 
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Runoff Water Roof-mnoff and surface-mnoff water should nof be allowed to fiow into the drainage 
systems. Instead, these sources should flow into separate tightline pipes and be routed away from 
the buildings to an appropriate location. Also, final site grades should slope downward away from 
each building so that mnoff water will flow by gravity to suitable collection points, rather than 
ponding near the buildings. Ideally, the area surrounding the buildings would be capped with 
concrete, asphalt, or low-penneability (silty) soils to minimize or'pfeclude surface-water inflltration. 

Discharge Considerations: All perimeter drains should discharge to the storm sewer and infiltration 
system, or other suitable location by gravity flow. 

6.5 Backfilled Walls 

In our opinion, backfilled concrete retaining walls can be used to support the ponds, loading docks 
and below-grade portions of the buildings. Our backfilled wall design recommendations and 
comments are presented below. 

Footing Depths: For frost and erosion protection, all backfilled retaining wall footings should bear 
at least 18 inches below the adjacent ground surface. However, greater depths might be 
necessary to develop adequate passive resistance and/or bearing resistance in certain cases. 

Curtain Drains: To preclude hydrostatic pressure development behind each backfilled retaining 
wall, we recommend tiiat a curtain drain be placed behind tiie entire wall. This curtain drain should 
consist of pea gravel, washed rock, or some otiier dean, uniform, well-rounded gravel, extending 
outward a minimum of 2 feet from the wall and extending upward from the footing drain to within 
about 12 inches of tiie ground surface. For walls tiiat do not include a footing drain, we 
recommend that a 4-inch-diameter perforated drainpipe be installed behind the heel of the wall. 

Backfill Soil: Ideally, all retaining wall backfill placed behind the curtain drain would consist of 
clean, free-draining, granular material, such as "Gravel Backfill for Walls" per WSDOT Standard 
Specification 9-03.12(2). Altematively, on-site granular soils could be used as backfill if they are 
placed at a moisture content near optimum. In the event tiiat silty soils are used as backfill, a 
geotextile should be placed between the curtain drain and the backfill soil, to prevent drain 
clogging. 

Backfill Compaction: Because soil compactors place significant lateral pressures on retaining wails, 
we recommend that only small, hand-operated compaction equipment be used within 3 feet of a 
backfilled wall. Also, all backfill should be compacted to a density as close as possible to 90 
percent of the maximum dry density (based on ASTM:D-1557). A greater degree of compaction 
directly behind the wall would increase the lateral earth pressure, whereas a lesser degree of 
compaction might lead to excessive post-constmction settlements. 

Grading and Capping: To retard the infiiti-ation of surface water into the backfill soils, we 
recommend tiiat tiie backfill surface of exterior walls be adequately sloped to drain away from the 
wall. Ideally, tine backfill surface directiy behind each wall would be capped witii asphalt, concrete, 
or 12 inches of low-permeability (silty) soils to minimize or preclude surface water infiltration. 
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Applied Loads: Overturning and sliding loads applied to retaining walls can be classified as static 
pressures, surcharge pressures, and hydrostatic pressures. We offer the following specific values 
for design purposes. 

• Static Pressures: Yielding (cantilever) retaining wails should be designed to 
withstand an appropriate active lateral €arth' pressure, whereas non-yielding 
(restrained) walls should be designed to withstand an appropriate at-rest lateral 
earth pressure. These pressures act over the entire back of the wall and vary with 
the backslope inclination. Assuming a level backslope, we recommend using active 
and at-rest pressures of 35 pcf and 55 pcf, respectively. 

• Surcharge Pressures: Static lateral earth pressures acting on a retaining wall 
should be increased to account for surcharge loadings resulting from any traffic, 
constitiction equipment, material stockpiles, or stmctures located within a horizontal 
distance equal to tiie wall height. For simplicity, a traffic surcharge can be modeled 
as a uniform pressure of 75 psf acting against the upper 6 feet of wall. 

• Hydrostatic Pressures: If groundwater is allowed to saturate the backfill soils, a 
hydrostatic pressure of 45 pcf will act against a retaining wall below tiie saturation 
level and above the foreslope level, in contrast, if an adequate drainage and 
discharge system is included behind the retaining wall, we do not expect that 
hydrostatic pressures will develop. 

Resisting Forces: Static pressures, surcharge pressures, and hydrostatic pressures are resisted 
by a combination of passive lateral earth pressure, base friction, and subgrade bearing capacity. 
Passive pressure acts over the embedded front of the wall (neglecting the upper 1 foot for paved 
foreslopes, or the upper 2 feet for soil foreslopes) and varies with the foreslope declination, 
whereas base friction and bearing capacity act along ttie bottom of the footings. Assuming a level 
foreslope at the wall location, we recommend the following design values, which incorporate a 
static safety factor of at least 1.5. 

Design Parameter Allowable Value 
Static Passive Pressure 300 pcf 
Base Friction Coefficient 0.4 

6.6 Underground Utilities 

We expect that underground utilities, such as wateriines, storm drains, sewer pipes, manholes, and 
catch basins, will be included in the site development. Our comments and recommendations 
conceming the installation of these utilities are presented below. 

Soil Classifications: Based on our explorations, we interpret Uie on-site soils to conform to OSHA 
soil classification 'C. However, this interpreted soil type should be confimned after the initial 
excavations have begun. In all cases, the utility accordance with appropriate governmental 
guidelines. Excavations in which wori<ers will be should be sloped or shored according to 
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OSHA/WISHA standards. Temporary slopes of 1.5H:1V should be used in Type C soils for 
trenches greater than 4 feet in depth. 

Subgrade Soils: Based on our explorations, we expect tiiat most or all utility excavations will extend 
into soils that will adequately support utility pipes, catch basins, vaults, and similar stmctures. If 
localized zones of soft or organic soils are encountered in'utility excavations, we generally 
recommend that they be overexcavated to a maximum deptTi of 24 inches and be replaced with 
a suitable fill material compacted to a uniform density of at least 90 percent (based on ASTM:D-
1557). 

Bedding Soils: Utility pipes should be bedded with an appropriate material that extends at least 
6 inches outward from the pipe in all directions. For level or gently sloping pipes, we recommend 
using a clean, unifonn, well-rounded material such as pea gravel or "Gravel Backfill for Pipe 
Bedding" per WSDOT: 9-03.12(3). The on-site fine to coarse sands may be a good source of 
bedding material. 

Backfill Soils: The on-site, non-organic, sandy soils can be used as utility excavation backfill if they 
are placed at a moisture content near optimum. During the wet season or during rainy periods, 
however, backfill material used for utility ti-enches and other excavations may need to consist of 
well-graded granular soils such as "Gravel Bonrow" per WSDOT: 9-03.14 in order to achieve 
adequate compaction. 

Backfill Compaction: We generally recommend tiiat utility backfill soils be compacted to a density 
commensurate witii sun-ounding fill or native soils, as well as witii tiie requirements of any overiying 
stmctures. For backfill placed under future concrete fioors or drive slabs, all soil should be 
compacted to a uniform density of at least 90 percent (based on ASTM:D-1557). For backfill 
placed under future asphaltic pavements, the upper 2 feet should be compacted to at least 95 
percent. CDF backfill does not require compaction but should have a compressive strength 
commensurate witii the application. 

Dewatering Considerations: Across the project site, where utility trench excavations will be 
relatively shallow, we expect that groundwater can be conti-olled by sump and pump methods. 
However, in deep excavations, primarily on Uie western side of the site, we anticipate that drilled 
or driven dewatering wells will be required. Details of our dewatering recommendations along the 
alignment are presented subsequentiy. 

As stated previously, groundwater levels across the site ranged from 6 to 18 feet below existing 
grades, and Figure 4 illustrates estimated high ground water elevations across the site. 
Groundwater levels should be expected to fluctuate, and may be either higher or lower than 
currently measured depending on the time of year constmction is perfomned. Dewatering 
requirements will likely be reduced if constmction is performed during the summer and early fall 
months when groundwater levels are typically at seasonal lows. The actual design of the 
dewatering system, depth, and spacing should be the responsibility of the contractor. 
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The contractor should submit a plan for dewatering, including the proposed well dimensions, layout 
of wells and piping, pump size, power hookup and water discharge. Well constmction and water 
withdrawn from dewatering wells, sumps, and collected mnoff will need to be handled in 
accordance with Washington State Department guidelines. Depending on permit requirements, 
this may include pretreatment of silt-laden water prior to discharge. At the termination of 
dewatering, all wells will need to be abandoned in accordance'with WAC 173-160. 

For utility trenches that will excavated up to about 1 foot below the groundwater elevation, 
temporary dewatering by sump and pump methods appears feasible. The contractor should 
provide sufflcient groundwater control so that pipe bedding and pipe placement does not occur in 
standing water. The contî actor may need to install low pemneability "plugs" using controlled density 
fill or lean mix concrete at periodic intervals along the trench to limit the volume of water to be 
handled. 

For stability of tiie deeper utility trench excavations (greater than about 1 foot below groundwater 
elevation), dewatering using a series of wells will likely be required. The wells could be a series 
of driven well points, or drilled wells with submersible pumps. We recommend that groundwater 
levels be maintained at a depth of at least 2 feet below the base of the excavation. Such 
dewatering would reduce the risk of unstable conditions and disturbance of the trench and wet 
stmcture base. Even with an anray of deep-drilled pumping wells, there may be groundwater 
entering the excavation from perched layers or other surface sources. The contractor should also 
be prepared to cont'd these other sources, likely with sump and pump methods. 

Observation wells should be installed at critical locations to serve as confimnation that groundwater 
levels have been sufficiently lowered. The contractor should maintain site access such that 
additional pumping and observation wells can be installed as required. Dewatering should begin 
well in advance of constmction; for planning purposes, we would assume fully operational active 
pumping for one week will be required prior to excavation. In any event, the conti^ctor should not 
be permitted to excavate deeper than 2 feet above the static water level in the observation wells. 

6.7 Asphaltic Pavements 

We understand that asphaltic pavements will be used for the new car-, tmck- and bus-parking 
areas and driveways. The following comments and recommendations are given for pavement 
design and constmction purposes. 

Subgrade Preparation: All soil subgrades should be proof-rolled witii a loaded dump tiuck or heavy 
compactor to verify tiie density. Any areas where large, woody debris and/or organic-rich soils are 
present at or closely beneath the pavement subgrade, as well as any localized zones of yielding 
subgrade disclosed during this proof-rolling operation, should be overexcavated to a maximum 
depth of 24 inches and replaced with a suitable stmctural fill material. All stmctural fill should be 
compacted acconJing to our recommendations given in the Structural Fill section. Specifically, the 
upper 2 feet of soils underiying pavement section should be compacted to at least 95 percent, and 
all soils below 2 feet should be compacted to at least 90 percent (based on ASTM:D-1557). 
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Soil Design Values: Soil conditions can be defined by a California Bearing Ratio (CBR), which 
quantitatively predicts tiie effects of wheel loads imposed on a saturated subgrade. Our CBR tests 
indicate tiiat the on-site sandy soils will provide a CBR of 26 when compacted to a density of 95 
percent of the maximum dry density (based on ASTM:D-1557). 

Traffic Design Values: Traffic conditions can be defined by a Traffic Index (Tl), which quantifies tiie 
combined effects of projected car, tmck, and bus traffic. Although no specific traffic data was 
available at the time of our analysis, we estimate that a Tl of 5.0 is appropriate for car traffic areas 
and large parking lots, and that a Tl of 7 .0 is appropriate for driveways subjected to frequent 
passes by large freight tmcks or buses. 

Conventional Sections: A conventional pavement section typically comprises an asphalt concrete 
pavement over a cmshed rock base course over a granular subbase course. Based on the 
estimated and measured design values stated above, we recommend using the following minimum 
conventional pavement sections: 

Minimum Thickness 
Pavement Course Car Areas Driveways 
Asphalt Concrete Pavement 2.5 inches 4 inches 
Cmshed Rock Base 4 inches 8 inches 

Due to the relative clean, granular nature of the site soils, we recommend that the granular 
subbase consist of 12 inches of Uie native sand compacted or reworked to 95 % of the maximum 
dry density as determined by ASTM D: 1557. 

Altemative Sections: As an alternative to the above-recommended conventional section, an 
asphalt-ti-eated base (ATB) could be substituted for the cmshed rock base and granular subbase. 
The use of an ATB course results in a thinner overall section, and it serves as an all-weatiier 
working surface during constmction. We specifically recommend the following minimum alternative 
pavement sections: 

Minimum Thickness 
Pavement Course Car Areas Driveways 
Asphalt Concrete Pavement 2.5 inches 4 inches 
Asphalt-Treated Base 3 inches 6 inches 

Concrete Drive Slabs: Portland cement concrete drive slabs are planned for tiie tiiick loading dock 
and the bus stop. Based on Tl of 7.0, as stated above, we recommend 6 inches of Portland 
cement concrete placed over 8 inches of cmshed rock base. 

Pavement Materials: for the asphalt concrete pavement, we recommend using a Class B 
pavement which confomns to WSDOT Standard Specification 5-04.2. For the base course, we 
recommend using imported clean, cmshed rock, such as "Cmshed Surfacing Top Course" per 
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WSDOT: 9-03.9(3). The on-site recessional sands could be used as subbase fill material if 
adequate compaction is achieved. 

Compaction and Verification: All subbase and base course material should be compacted to at 
least 95 percent of the Modified Proctor maximum dry density (ASTM:D-1557), and all asphalt 
concrete should be compacted to at least 92 percent of the Kice value (ASTM:D-2041). We 
recommend that an AMEC representative be retained to verify the compaction of each course 
before any overiying layer is placed. For the subbase and pavement course, compaction is best 
verified by means of frequent density testing; for the base course, methodology, observations, and 
hand-probing are more appropriate than density testing. 

Pavement Life and Maintenance: It should be realized that no asphaltic pavement is maintenance-
free. The above described pavement sections represent our minimum recommendations for an 
average level of performance during a 20-year design life; therefore, an average level of 
maintenance will likely be required. Furthermore, a 20-year pavement life typically assumes tiiat 
an overiay will be placed after about 10 years. Thicker asphalt, base, and subbase courses would 
offer better long-term performance, but would cost more initially; thinner courses would be more 
susceptible to "alligator" cracking and other failure modes. As such, pavement design can be 
considered a compromise between a high initial cost and low maintenance costs versus a low initial 
cost and higher maintenance costs. 

6.8 Structural Fill 

The temri "stmctural fill" refers to any materials placed under foundations, retaining walls, slab-on-
grade fioors, sidewalks, pavements, and other such features. Our comments, conclusions, and 
recommendations conceming stmctural fill are presented in the following paragraphs. 

Materials: Typical stixictural fill materials include clean sand, granulithic gravel, pea gravel, washed 
rock, cmshed rock, quarry spalls, controlled-density fill (CDF), lean-mix concrete (LMC), well-
graded mixtures of sand and gravel (commonly called "gravel bon-ow" or "pit-run")," and 
miscellaneous mixtures of silt, sand, and gravel. Recycled asphalt, conaete, and glass, which are 
derived from pulverizing the parent materials, are also potentially useful as stmctural fill in certain 
applications. Soils used for stmctural fill should not contain any organic matter or debris, or any 
individual particles greater than about 6 inches in diameter. 

Fill Placement: Generally, pea gravel, washed rock, quany spalls, CDF, and LMC do not require 
special placement and compaction procedures. In contrast, dean sand, granulithic gravel, cmshed 
rock, soil mixtures, and recycled materials should be placed in horizontal lifts not exceeding 8 
inches in loose thickness, and each lift should be thoroughly compacted with a mechanical 
compactor. 

Compaction Criteria: Using the Modified Proctor test (ASTM:D-1557) as a standard, we 
recommend that stmctural fill used for various on-site applications be compacted to the following 
minimum densities: 
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Fill Application 
Building pad 
Footing subgrade or bearing pad 
Footing and stemwall backfill 
Pier foundation backfill 
Slab-on-grade fioor subgrade and subbase 
Retaining wall subgrade 
Retaining wall backfill 
Concrete sidewalk subgrade 
Asphaltic pavement base and subbase 
Asphaltic pavement subgrade (upper 2 feet) 
Asphaltic pavement subgrade (below 2 feet) 

Minimum 
Compaction 

90 percent 
92 percent 
90 percent 
95 percent 
90 percent 
90 percent 
90 percent 
90 percent 
95 percent 
95 percent 
90 percent 

Subgrade Verification and Compaction Testing: Regardless of material or location, all stmctural fill 
should be placed over firm, unyielding subgrades prepared in accordance with tiie Site Preparation 
section of tiiis report. The condition of all subgrades should be verified by an AMEC representative 
before filling or constmction begins. Also, fill soil compaction should be verified by means of 
in-place density tests perfomned during fill placement so tiiat adequacy of soil compaction efforts 
may be evaluated as earthwork progresses. 

Soil Moisture Considerations: The suitability of soils used for stmctural fill depends primarily on 
their grain-size distiibution and moisture content when tiiey are placed. As the "fines" content (that 
soil fraction passing the U.S. No. 200 Sieve) increases, soils become more sensitive to small 
changes in moisture content. Soils containing more Uian about 5 percent fines (by weight) cannot 
be consistentiy compacted to a firni, unyielding condition when the moisture content is more than 
2 percentage points above or below optimum. For fill placement during wet-weatiier site wori<, we 
recommend using "clean" fill, which refers to soils ttiat have a fines content of 5 percent or less (by 
weight) based on the soil fraction passing the U.S. No. 4 Sieve. 
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7.0 RECOMMENDED ADDITIONAL SERVICES 

Because the future performance and integrity of the stmctural elements will depend largely on 
proper site preparation, drainage, fill placement, and construction procedures, monitoring and 
testing by experienced geotechnical personnel should be considered an integral part of the 
constmction process. Consequentiy, we recommend that AMEC be retained to provide the 
following post-report services: 

• Review all constmction plans and specifications to verify that our design criteria 
presented in this report have been properiy integrated into the design; 

• Attend a pre-constmction conference with the design team and contractor to discuss 
important geotechnically related constmction issues; 

• Monitor the placement of all stmctural fill and test the compaction of structural fill, 
soils to verify their conformance with the constmction specifications; 

• Check all completed subgrades for footings and slab-on-grade floors before 
concrete is poured, in order to verify their bearing capacity; 

• Observe the installation of all perimeter drains, wall drains, and capillary break 
layers to verify tiieir conformance witti the constmction plans; and 

In addition to tiie aforementioned services, AMEC can provide inspection and testing of concrete, 
steel, masonry, and other stiuctural materials. Upon request, we could submit a proposal for 
providing some or all of these constmction monitoring, inspection, and testing services. Such a 
proposal is best prepared after the project plans and specifications have been approved for 
constmction. 
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8.0 CLOSURE 

The conclusions and recommendations presented in this report are based, in part, on the 
explorations that we performed and utilized for tills study; therefore, if variations in the subgrade 
conditions are observed at a later time, we may need to modify tiiis report to reflect those changes. 
Also, because the future performance and integrity of the project elements depend largely on 
proper initial site preparation, drainage, and constmction procedures, monitoring and testing by 
experienced geotechnical personnel should be considered an integral part of the constmction 
process. AMEC is available to provide geotechnical monitoring, soils and concrete testing, steel 
and masonry inspection, and other services throughout construction. 

We appreciate tiie opportunity to be of service on tiiis project. If you have any questions regarding 
this report or any aspects of the project, please feel free to contact our office. 

Sincerely, 

AMEC Earth & Environmental, Inc. 

Ana L. Pierson 
Senior Staff Geologist 

•^ames S. pfansTlsIji, P.E. 
Principal 

ALP/TDW/JSD/kms 

Todd D. Wentworth, P.E. 
Senior Project Engineer 
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APPENDIX A 
FIELD EXPLORATION PROCEDURES AND LOGS 

1-91 M-13973-0 

The following paragraphs describe our procedures associated with the field explorations and field 
tests that we conducted for this project. Descriptive logs of our explorations are enclosed in this 
appendix. 

CPT Probing Procedures 

Our exploratory CPT probings consisted of advancing an electric penetrometer piezocone, using 
a tixick-mounted probe rig operated by an independent firm working under subcontract to AMEC. 
A geotechnical specialist continuously observed the probings while electronic monitoring equipment 
in the probe rig automatically logged the subsurface conditions. 

Throughout the probing operation, soil and groundwater properties were measured by means of 
the Cone Penetrometer Test (CPT) per ASTM:D-3441. This testing procedure involves pushing 
an electric piezocone into the soil with hydraulic rams. The cone consisted of a standard design 
having a 60-degree tip apex, a 10-cm^ projected area at the tip, a 150-cm^ sleeve, and a porous 
element at the tip. The cone was advanced at a rate of approximately 2 cm per second, and the 
cone tip resistance (qt), sleeve friction (fj, and peneti-ation porewater pressure (Uj) were recorded 
continuously during tiie tests. In addition, downhoie seismic surveys were performed in one of the 
three probings, CPT-2, at 1-meter intervals for the evaluation of shear wave velocity of the soils. 
As the penetrometer is pushed downward, the tip resistance, sleeve friction, and porewater 
pressure are measured electronically and plotted as a function of depth. Through interpretation, 
the resulting graphs can reveal soil types and groundwater levels, as well as the relative density 
of granular soils and the relative consistency of cohesive soils. 

The enclosed CPT graphs present tiie vertical plots of several soil properties and groundwater 
pressures measured by the cone penetrometer In each probing. These graphs also depict the 
Standard Penetration Resistance (Neo) corresponding to each test interval, based on published 
conversion charts. The enclosed Probing Logs describe tiie vertical sequence of soils encountered 
in each probing, based primarily on interpretation of tiie CPT graphs and supported by con-elation 
with our logs of nearby borings. 

Test Pit Procedures 

Our exploratory test pits were excavated with a mbber-tired backhoe operated by an independent 
firm wori<ing under subcontî ct to AMEC. A geologist ft-om our finn continuously observed the test 
pit excavations, logged the subsurface conditions, and obtained representative soil samples. All 
samples were stored in watertight containers and later transported to our laboratory for further 
visual examination and testing. After we logged each test pit, the hoe operator backfilled it with 
excavated soils and tamped the surface. 

The enclosed Test Pit Logs indicate the vertical sequence of soils and materials encountered in 
each test pit, based primarily on our field classifications and supported by our subsequent 
laboratory examination and testing. Where a soil contact was observed to be gradational or 
undulating, our logs indicate the average contact depth. We estimated the relative density and 
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consistency of the in-situ soils by means of the excavation characteristics and the stability of the 
test pit sidewails. Our logs also indicate the approximate depths of any sidewall caving or 
groundwater seepage observed in the test pits, as well as ail sample numbers and sampling 
locations. 

Infiltration Test Procedures 

Our infiltration tests were performed in general accordance with the procedures prescribed in the 
EPA manual entitied On-Site Wastewater Treatment and Disposal Systems, except as modified 
by ttie manual entitied Tulalip Tribes Stormwater Management Manual. Specifically, a test pit was 
excavated to approximately 6 inches above the desired infiltration test depth (as indicated by 
Pacific Land Design), a 6-inch-diameter PVC pipe was tamped approximately 6 inches into tiie soil 
at the bottom, and the test pit was partially backfilled with soil. Due to tiie high sand content and 
lack of fines, the soaking period was not necessary. The pipe was filled witii 6 inches of water. 
After completion of all tests, the PVC pipes were extracted, and the test pits were completely 
backfilled. Due to the relatively rapid rate tiiat the water level dropped witiiin the pipes, we" 
measured the time taken for the water level to drop 6 inches. This test was repeated a total of 6 
times at each test location. As indicated in the EPA procedure, the measured rate for the last 6-
inch-drop is used to calculate the design infiltration rate. 
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Depth (feet) Material Description Sample No. 

Test Pit TP-1 

Location: Proposed parking lot; Southeast comer of site 
Approximate ground surface elevation: SZYi feet - -: 

0.0 - 2.5 Loose to medium-dense, moist, light brown, fine to medium SAND with some silt (S-1) 
and scattered fine roots, PPT = 0.5 to 0.75 tsf. 

2.5 - 5.0 Medium-dense, moist, gray with orange mottling, fine to medium SAND with (S-2) 

trace silt, PPT = 0.75 to 1 tsf 
5.0 - 9.0 Medium-dense, moist, tan, medium SAND witti trace gravel and silt (S-3) 

9.0 -12.0 Medium-dense, wet becoming saturated, gray, medium to coarse SAND wiUi 
trace gravel; Uiin lenticular interbeds of sandy SILT observed between 9 and 9.5 
feet on east portion of test pit 

Test pit terminated at approximately 12.0 feet 
Slight caving at 10.0 feet 
Slow seepage at 10.0 feet 

Test Pit TP-2 

Location: Proposed Daycare Center; Southwest comer of site 
Approximate ground surface elevation: 54 feet 

Duff and topsoil (approximately 3 inches remaining from stripping and clearing) 
Loose to medium-dense, moist, orange-brown, silty SAND with scattered fine 
roots 
Loose to medium-dense, moist, light browm, fine to medium SAND with trace silt 
and scattered fine roots, PPT = 0.5 to 0.75 tsf. 
Medium-dense, moist, gray with orange mottling, fine to medium SAND wltti 

trace slit 
Medium-dense, wet becoming saturated, gray, medium to coarse SAND wiUi (S-1) 

trace gravel 

Test pit tenminated at approximately 8.5 feet 
Severe caving at 6.0 feet 
Moderate seepage at 6.0 feet 

0.0-

0.25 

1.0-

2.5-

4.0-

0.25 

-1.0 

-2.5 

-4.0 

-8.5 
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Depth (feet) Material Description Sample No. 

Test Pit TP-3 

Location: Proposed parking lot/driveway; Southwest comer of site 

Approximate ground surface elevation: 58 feet 

0.0 - 0.25 Duff and topsoil (approximately 3 inches remaining from stripping and clearing) 

0.25 -1.0 Loose to medium-dense, moist, light brown, fine to medium SAND with some slit 

and scattered fine roots 

1.0 - 2.5 Loose to medium-dense, moist, gray and brown with some orange mottling, fine 

to medium SAND witti trace slit 

2.5 - 4.0 Medium-dense, moist, tan, medium SAND with trace gravel 

4.0 - 9.0 Medium-dense, wet becoming saturated, gray witti some orange mottting. 

medium to coarse SAND wiUi trace gravel 

Test pit terminated at approximately 9.0 feet 

Moderate caving at 6.0 feet 

Moderate seepage at 6.0 feet 

Test Pit TP-4 

Location: Proposed Maintenance Building; West-cenfaral portion of site. 

Approximate ground surface elevation: 56 feet 

0.0 - 0.75 Duff and topsoil (approximately 9 inches remaining from stripping and clearing) (S-1) 

0.75 - 2.0 Medium-dense, moist, gray witti orange mottling, silty, fine S/\ND witti scattered 

fine roots, PPT 1.0 to 1.5 tsf. 

2.0 - 3.5 Medium-dense, moist, light orange-brown, silty SAND, PPT 2.0 to 2.5 tsf. (S-2) 

3.5 - 5.0 Medium-dense, moist, tan, medium SAND with tt^ce gravel 

5.0 -10.0 Medium-dense, wet becoming saturated, gray, medium to coarse SAND with 

tt^ce gravel 

Test pit terminated at approximately 10.0 feet 

Moderate caving at 6.0 feet 

Moderate seepage at 6.0 feet 
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Depth (feet) Material Description Sample No. 

Test Pit TP-5 

Location: Proposed bus parking area; Northwest corner of site 
Approximate ground surface elevation: 60Va feet 

0.0 - 0.5 Duff and topsoil (approximately 6 inches remaining from stripping and clearing) 

0.5 -1.0 Medium-dense, moist, gray with orange mottling, silty, fine SAND with scattered 

fine roots 
1.0 -1.5 Medium-dense, moist, light orange-brown, silty SAND 
1.5 - 3.5 Loose to medium-dense, moist, light brown, fine to medium SAND with trace sill 
3.5 - 7.0 Medium-dense, moist, gray witti orange mottling, fine to medium SAND with 

ti-ace silt 
7.0 - 9.0 Medium-dense, wet becoming saturated, gray, medium to coarse SMiD with (S-1) 

trace gravel 

Test pit terminated at approximately 9.0 feet 
Slight caving at 8.0 feet 
Moderate seepage at 8.0 feet 

Test pit TP-6 

Location: Proposed bus partying area; NorUiwest comer of site 
Approximate ground surface elevation: 59 feet 

0.0 -1.0 Duff and topsoil (approximately 12 inches remaining fi'om sttipping and clearing) 
1.0 - 5.0 Loose to medium-dense, moist, light orange-brown, fine to medium SAND wlUi (S-1) 

some silt to silty and scattered fine roots 
5.0 - 9.0 Medium-dense, wet becoming saturated, gray, medium to coarse SAND, ti-ace 

gravel 

Test pit terminated at approximately 9.0 feet 
Moderate caving at 8.0 feet 
Moderate seepage at 7.0 feet 
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Depth (feet) Material Description Sample No. 

Test Pit TP-7 

Location: Proposed parking lot; Northwest comer of sife 

Approximate ground surface elevation: 61 feet 

0.0 - 0.5 Duff and topsoil (approximately 6 inches remaining from stripping and clearing) 

0.5 - 3.5 Loose to medium-dense, moist, light orange-brown, fine to medium SAND with (S-1) 

b-ace to some silt and scattered fine roots, PPT 0.75 to 1 tsf 

3.5 - 7.5 Loose to medium-dense, moist, gray with orange mottling, fine to medium 

SAND with trace silt 

7.5 -10.5 Medium-dense, wet becoming saturated, gray, medium to coarse SAND with 

ti-ace gravel 

Test pit terminated at approximately 10.5 feet 

Moderate caving at 9.0 feet 

Slow seepage at 9.0 feet 

Test Pit TP-8 

Location: Proposed parking lot / driveway; North-centt-al portion of site 

Approximate ground surface elevation: 587* feet 

0.0 - 0.5 Duff and topsoil (approximately 6 inches remaining fl-om sttipping and clearing) 

0.5 - 3.5 Loose to medium-dense, moist, light orange-brovm, fine to medium SAND witti 

trace to some silt and scattered fine roots 

3.5 - 7.5 Loose to medium-dense, moist, light brown, fine to medium SAND with tt^ce silt 

7.5 - 9.0 Medium-dense, wet becoming saturated, gray, medium to coarse SAND with 

ti-ace gravel 

Test pit tenminated at approximately 9.0 feet 

Slight caving at 7.0 feet 

Slow seepage at 7.0 feet 
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Depth (feet) Material Description Sample No. 

Test Pit TP-9 

Location: Proposed parking lot; Northeast comer of site 

Approximate ground surface elevation: 59 feet 

Loose to medium-dense, moist, tan, fine to medium SAND with trace silt 

Loose to medium-dense, moist, light orange-brown, fine to medium SAND with (S-1) 

ti-ace to some silt and scattered fine roots 

Medium-dense, moist, tan, medium SAND with trace gravel and silt 

Medium-dense, wet becoming saturated, gray, medium to coarse SAND with (S-2) 

trace gravel 

Test pit terminated at approximately 11.0 feet 

Slight caving at 10.0 feet 

Slow seepage at 10.0 feet 

Test Pit TP-10 

Location: Proposed pond; East-centi-al portion of site 

Approximate ground surface elevation: 54 feet 

0.0 -1.0 Medium-dense to dense (compacted by construction traffic), moist, light orange-

brown, fine to medium SAND witti some silt to silty 

1.0 - 4.5 Medium-dense to dense (compacted by consttuction ttaffic), moist, tan and gray 

witii orange mottling, medium SAND witti trace silt and ti-ace gravel 

4.5 -10.0 Medium-dense, moist becoming saturated, gray, medium to coarse SAND wiUi 

some gravel 

Test pit terminated at approximately 10.0 feet 

Slight caving at 9.0 feet 

Slow seepage at 9.0 feet 
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Test Pit Logs, Page 6 

Depth (feet) Material Description Sample No. 

Test Pit TP-11 

Location: Proposed infiltration gallery, south-centi-ai portion of site 
Approximate ground surface elevation: 55 feet 

Duff and topsoil (approximately 10 inches remaining from stripping and clearing) 

Loose, orange-brown, wet, silty, fine SAND witti ttace gravel and some roots (up (S-1) 
to 1-inch-diameter, <5 percent by volume), grades less silty wiUi depth 
Medium-dense, wet becoming saturated, tan with some orange mottling grading (S-2 through 
to gray no mottling by 7 feet, medium SAND witti trace silt and gravel S-6) 

Test pit terminated at approximately 10.5 feet 
Slight caving at 7 feet 
Moderate seepage at 7 feet 

Test Pit TP-12 

Location: Proposed Infiltration gallery, souUieast of building footprint 
Approximate ground surface elevation: 56 feet 

0.0 -1.0 Duff and topsoil (approximately 12 Inches remaining from stripping and clearing) 
1.0 - 2.0 Loose, wet, orange-tan, silty, fine SAND witti some roots (up to 1-Inch-diameter, 

<5 percent by volume) 
2.0 - 3.5 Medium-dense, wet, tan witti orange mottling, fine to medium SAND wiUi some (S-1. and S-2) 

silt and scattered fine roots (<1 percent by volume) 
3.5 - 9.5 . Medium-dense, wet becoming saturated, gray witti slight orange motUing, fine to (S-3 Uirough 

medium SAND witti some coarse sand, tiBce gravel and silt, grades to medium S-5) 
to coarse SAND with ttace gravel and negligible mottling by 7 feet 

Test pit temiinaled at approximately 9.5 feet 
Slight caving at 9 feet 
Slow to moderate seepage at 9 feet 
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Test Pit Logs. Page 7 

Depth (feet) Material Description Sample No. 

Test Pit TP-13 

Location: Proposed front of building, east-centtal portien of site 

Approximate ground surface elevation: 56 feet 

0.0 - 0.75 Duff and topsoil (approximately 9 inches remaining fi-om sttipping and clearing) 
0.75 - 2.0 Loose, wet, orange-tan, silty, fine SAND with ttace gravel and some roots to 1 Vx (S-1) 

feet (<yj-inch-diameter, <5 percent by volume) 
2.0-10.0 Medium-dense, moist becoming saturated, tan witti orange mottling, fine to (S-2 and S-3) 

medium SAND with trace gravel and silt, grades to medium to coarse SAND by 
6 feet, grades to wet and gray by 8 feet 

Test pit terminated at approximately 10 feet 

Slight caving at 9 feet 
Slow to moderate seepage at 9 feet 

Test Pit TP-14 

Location: Proposed northeastem building comer 
Approximate ground surface elevation: 56V2 feet 

0.0 - 0.8 Duff and topsoil (approximately 10 inches remaining from stripping and clearing) 

0.8 - 2.5 Loose, wet, orange-tan, silty, fine SAND wltti scattered fine roots (<1 percent by (S-1) 
volume) 

2.5 - 3.5 Loose to medium-dense, moist to wet, tan witti significant orange mottling, fine (S-2) 
to medium SAND witti ttace silt 

3.5 - 9.0 Medium-dense, moist becoming saturated, gray witti slight orange motUing. (S-3 and S-4) 
medium SAND wiUi trace gravel and some coarse sand by 7 feet; grades to wet 

to saturated and gray by 8 feet 

Test pit terminated at approximately 9 feet 
Slight caving at 8 feet 
Moderate seepage at 8 feet 
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Test Pit Logs, Page 8 

Depth (feet) Material Description Sample No. 

Test Pit TP-15 

Location: Proposed northwest building comer 

Approximate ground surface elevation: 58 feet 

0.0 - 0.5 Duff and topsoil (approximately 6 inches remaining from stripping and clearing) 

0.5 - 2.0 Loose, wet. orange-tan. silty, fine SAND witii scattered fine roots (<1 percent by (S-1) 

volume) 

2.0 - 4.5 Loose to medium-dense, moist, tan with orange mottling, fine to medium SAND 

with trace to some silt 

4.5 - 9.5 Medium-dense, moist becoming saturated, gray with orange mottling, fine to (S-2) 

medium SAND witti trace gravel and some coarse sand; grades to wet, gray 

medium to coarse sand by 5.5 feet 

Test pit terminated at approximately 9.5 feet 

Slight caving at 7.5 feet 

Moderate seepage at 7.5 feet 

Test Pit TP-16 

Location: Proposed southwestern building comer 

Approximate ground surface elevation: 57 feet 

0.0 - 1.1 Duff and topsoil (approximately 13 Inches remaining ft-om stripping and clearing) 

1.1 - 2.5 Loose, wet, orange-tan, silty, fine SAND witti scattered fine roots and roots up to 

1-inch-diameter (<5 percent by volume) 

2.5 - 6.0 Loose to medium-dense, moist, tan witti orange mottling, fine to medium SAND 

with ttace gravel and silt and scattered fine roots and roots up to 1-Inch-

diameter to approximately 4 feet (<2 percent by volume) 

6.0 - 11.0 Medium-dense, moist becoming saturated, gray with slight orange mottling, 

medium to coarse SAND; grades to gray, fine to medium S/^ND by 9.5 feet 

Test pit terminated at approximately 11 feet 

Slight caving at 10.5 feet 

Moderate seepage at 10.5 feet 
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1-91M-13973-0 
Test Pit Logs. Page 9 

Depth (feet) Material Description Sample No. 

Test Pit TP-17 

Location: Proposed souUieastem building comer 

Approximate ground surface elevation: 57 feet 

0.0 - 0.7 Duff and topsoil (approximately 8 inches remaining ft-om sttipping and clearing) 

0.7 -1 .5 Loose, moist, tan, silty , fine SAND witti some roots (<y«-inch-diameter, 5 

percent by volume) 

1.5 - 6.0 Loose, wet, orange-brown grading to orange-tan by 2 feet, fine to medium 

SAND witti ttace silt and scattered fine roots to 4 feet (<1 percent by volume); 

grades to medium-dense, tan witti slight orange mottling by 3.5 feet 

6.0 - 10.5 Medium-dense, wet becoming saturated, gray with slight orange mottling to 10 

feet, medium SAND with some coarse sand and trace gravel 

Test pit temninated at approximately 10.5 feet 

Slight caving at 10 feet 

Moderate seepage at 10 feet 

Test Pit TP-18 

Location: Proposed bus stop, west-centtal portion of site 

Approximate ground surface elevation: 56/2 feet 

0.0 -1 .2 Duff and topsoil (approximately 14 inches remaining ftx)m sttipping and clearing) 

1.2 - 2.0 Loose, moist to wet, orange/orange-tan, silty, fine SAND with scattered roots 

(<%-inch-dlameter, <2 percent by volume) 

2.0 - 8.0 Loose, moist, tan witti orange mottling, fine to medium SAND with h-ace silt; (S-1) 

grades to medium-dense by 4 feet 

8.0 -10.0 Medium-dense, wet to saturated, gray wiUi slight orange mottling, medium to 

coarse SAND 

Test pit terminated at approximately 10 feet 

Moderate caving at 8 feet 

Moderate seepage at 8 feet 
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1-91 M-13973-0 
Test Pit Logs, Page 10 

Deoth (feet) Material Description Sample No. 

Test Pit TP-19 

Location: Proposed infiltration gallery, northwestern corner of site 

Approximate ground surface elevation: 60 feet 

0.0 - 0.7 Duff and topsoil (approximately 8 inches remaining from stripping and clearing) 

0.7 - 2.5 Loose, brown, moist, silty, fine SAND with scattered fine roots (<2 percent by 

volume) 

2.5 - 8.5 Medium-dense, wet becoming saturated, tan with orange motUing, fine to 

medium SAND witti trace to some silt; sand grades to medium to coarse by 4 

feet 

Test pit terminated at approximately 8.5 feet 

Slight caving at 8 feet 

Moderate seepage at 8 feet 

(S-1) 

(S-2 through 

S-4) 

0.0 

0.2-

1.5-

•0.2 

-1.5 

11.5 

Test Pit TP-20 

Location: Proposed extension of Quil Ceda Boulevard, northeastem site comer 

Approximate ground surface elevation: 59 feet 

Duff and topsoil (approximately 2 inches remaining from sttipping and clearing) 

Loose, moist, orange-tan, silty, fine SAND witti scattered fine roots (<2 percent 

by volume) 

Medium-dense, moist, gray witti slight orange motUing, medium SAND with 

b-ace gravel and b^ce to some silt; no motUing observed below 7 feet 

Test pit terminated at approximately 11.5 feet 

No caving observed 

No seepage observed 

(S-1) 

(S-2) 
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1-91 M-13973-0 
Test Pit Logs. Page 11 

Depth (feet) Material Description Sample No. 

Test Pit TP-21 

Location: Proposed extension of Quil Ceda Boulevardr souttieastem site margin 

Approximate ground surface elevation: 55 feet 

0.0 - 7.0 Loose, moist, tan wltti slight orange mottling, fine to rnedium SAND witti trace to (S-1) 

some silt and scattered roots and woody debris in upper 2 feet (up to 6-inch-

diameter, <2 percent by volume); grades to medium-dense by 4 feet 

7.0 -10.5 Medium-dense, moist, tan with slight orange mottling, medium to coarse SAND 

witti trace silt 

Test pit terminated at approximately 10.5 feet 

No caving observed 

No seepage observed 

Test Pit TP-22 

Location: Proposed Primary infilttation ttench location, soutiieastem site comer 

Approximate ground surface elevation: 54 feet 

0.0 - 0.5 Loose, moist, orange-brown, silty, fine SAND witii scattered fine roots (2% by 

volume) 

0.5 -11.0 Loose, gray witti slight orange mottling, fine SAND wiUi trace to some silt and (S-1 ttirough 

scattered fine roots to 2 feet (2% by volume); grades to medium-dense by SVa . S-4) 

feet and grades between fine and medium SAND below 6 feet 

Test pit temninated at approximately 11 feet 

No caving observed 

No seepage observed 
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1-91 M-13973-0 
Test Pit Logs, Page 12 

Depth (feet) Material Description Sample No. 

Test Pit TP-23/lnfiltration Test IT-1 

Location: Proposed Primary Infilttation ttench location,'southeastern site comer 

Approximate ground surface elevation: 54 feet 

0.0 - 9.0 Loose, moist, tan wltti slight orange motUing, fine to medium SAND with some (S-1) 

silt and scattered fine roots to Vi foot (<2% by volume) and one 2-inch-diameter 

root ft-om 2 to 3 feet, grades to ttace silt by 1 foot, negligible mottling by 8 feet, 

PPT = 0.75 tsf measured to 4 feet 

9.0 -11.0 Medium-dense to dense, wet, tan, fine SAND with trace silt (S-2) 

Test pit terminated at approximately 11 feet 

Slight caving from 0 to 4 feet 

No seepage observed 

Test Pit TP-24 

Location: Proposed Primary infilttation ttench location, southeastem site comer 

Approximate ground surface elevation: 55 feet 

0.0 -1.0 Loose, moist orange-tan, silty, fine SAND with some roots (up to Vi-inch-

diameter, <5% by volume) 

1.0 -11.0 Medium-dense, moist, gray witti slight orange mottling, fine to medium SAND (S-1 and S-2) 

wiUi ti^ce silt, negligible mottling by 8 feet, PPT = 1.25 tsf measured to 4 feet 

11.0 -12.0 Dense, moist, tan witti orange mottling, fine SAND with ttace silt (S-3). 

Test pit terminated at approximately 12 feet 

Slight caving ft-om 0 to 6 feet 

No seepage observed 
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1-91M-13973-0 
Test Pit Logs. Page 13 

Depth (feet) Material Description - Sample No. 

Test Pit TP-25/lnfiltration Test IT-2 

Location: PnDposed Primary infiltration ttench location^ southeastern site corner 
Approximate ground surface elevation: 54y2 feet 

0.0 -1.0 Loose, moist, orange-tan, silty, fine SAND with scattered fine roots(<2% by 
volume) 

1.0 -12.0 Loose, moist, gray with orange mottling, fine to medium SAND witti ttace silt, (S-1 and S-2) 
grades to medium-dense by ZYi feet, negligible mottling below 8 feet, PPT = 
0.75 tsf grading to 1.25 tsf by 3y2 feet 

Test pit terminated at approximately 12 feet 
Slight caving fi-om 0 to5 feet 
No seepage observed 

Test Pit TP-26 

Location: Proposed Primary infilttation ttench location, southeastem site comer 
/\pproximate ground surface elevation: 54ya feet 

0.0 - 0.5 Loose, moist, orange-tan, silty, fine SAND witti some fine roots (<5% by volume) 
0.5 -13.0 Loose becoming medium-dense by 2 feet, moist, tan with slight orange mottling, (S-1 and S-2) 

fine to medium SAND witti tt^ce silt; lens of medium to coarse SAND with tt^ce 
gravel ftXDm 3yi to 4 feet, PPT = 0.75 tsf grading to 1.25 tsf by 2 feet 

Test pit terminated at approximately 13 feet 
No caving observed 
No seepage observed 
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1-91 M-13973-0 
Test Pit Logs. Page 14 

Depth (feet) Material Description Sample No. 

Test Pit TP-27/lnfiltration Test IT-3 

Location: Proposed Primary Infiltration trench location.'southeastem site comer 

Approximate ground surface elevation: 55 feet 

0.0 -12.5 Loose becoming medium-dense below 2 feet, moist, gray with slight orange (S-1 and S-2) 

mottling, fine to medium SAND with trace silt and scattered fine roots to 2y2 feet 

(<2% by volume), grades to dense by 7 feet, lens of medium to coarse SAND 

with significant orange motUing from 7y2 to 9 feet, negligible mottling below 9 

feet, PPT = 0.75 tsf grading to 2.0 tsf by 4 feet 

Test pit terminated at approximately 12.5 feet 

No caving observed 

No seepage observed 

Test Pit TP-28 

Location: Proposed Primary Infiltt-ation ttench location, soutiieastem site comer 

Approximate ground surface elevation: 55 feet 

Loose, moist, orange-tan, silty, fine SAND with some fine roots (<5% by volume) 

Loose becoming medium-dense by 4 feet, tan wiUi slight orange mottling, fine to 

medium SAND witti ttace silt, PPT = 1.5 to 1.75 tsf 

Medium-dense, moist, tan witti orange mottiing. medium to coarse SAND witti 

ttace gravel 

Dense, moist, tan witti slight orange mottling, medium SAND; sand grades finer (S-1 and S-2) 

byioyjfeet 

Test pit terminated at approximately 12 feet 

No caving observed 

No seepage observed 

0.0 

1.0-

6.5-

7 .5-

•1.0 

-6.5 

-7.5 

12.0 
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1-91 M-13973-0 
Test Pit Logs. Page 15 

Depth (feet) Material Description Sample No. 

Test Pit TP-29/lnfiltration Test IT-4 

Location: Proposed southern Potential infilttation trench, east of building 

Approximate ground surface elevation: 56 feet 

0.0 1.0 Duff and topsoil (approximately 12 inches remaining from stripping and clearing) 

1.0 - 2.5 Medium-dense, moist, orange-tan, fine SAND with trace to some silt, PPT = 

2.75 tsf at 1 foot 

2.5 - 4.0 Medium-dense, moist, tan with orange mottling, medium SAND with ttace silt, 

PPT = 2.5 to 2.75 tsf 

4.0 - 8.0 Medium-dense to dense, moist, tan with orange motUing, medium SAND with (S-1 through 

some coarse sand and trace gravel, negligible mottling below 6 feel, PPT = 2.75 S-3) 

tsf 

Test pit terminated at approximately 8 feet 

No caving observed 

No seepage observed 

0.0-

1.5-

3.0 

7.0-

-1.5 

•3.0 

•7.0 

-8.0 

Test Pit TP-30 

Location: Proposed souUiem Potential infilttation ttench, east of building 

Approximate ground surface elevation: 56 feet 

Duff and topsoil (approximately 17 Inches remaining from stiipping and clearing) 

Loose to medium-dense, wet, brown, silty, fine SAND wlUi scattered roots to 2y2 

feet (up to y4-inch-diameter, <2% by volume), PPT = 1.0 tsf 

Medium-dense becoming dense by 4 feet, wet, tan witti orange mottling, (S-1 and S-2) 

medium SAND witti ti-ace silt, PPT > 4.5 tsf at 4 feet 

• Dense, wet, gray witti slight motUing, medium SAND witti some coarse sand (S-3) 

and ttace gravel 

Test pit terminated at approximately 8 feet 

No caving observed 

No seepage observed 
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1-91M-13973-0 
Test Pit Logs. Page 16 

Depth (feet) Material Description Sample No. 

Test Pit TP-31 - - : 

Location: Proposed northern Potential infiltration ttench, east of building 

Approximate ground surface elevation: 56y2 feet 

0.0 - 1.5 Duff and topsoil (approximately 15 inches remaining from stripping and clearing) 

1.5 - 3.0 Medium-dense, moist, tan, silty, fine SAND 

3.0 -10.0 Dense, moist, tan with orange mottling, medium SAND with some coarse sand (S-1 through 

and trace silt, negligible mottling below 9 feet, PPT > 4.5 tsf measured from 3 to S-3) 

4 feet 

Test pit terminated at approximately 10 feet 

No caving observed 

Slow seepage at dVi feet 

Test Pit TP-32/lnfiltration Test IT-5 

Location: Proposed northern Potential infilbnUon ttench, east of building 

Approximate ground surface elevation: 56y2 feet 

0.0 - 0.5 Duff and topsoil (approximately 6 inches remaining from stripping and clearing) 

0.5 - 3.0 Loose to medium-dense, moist, orange-tan, silty, fine SAND with scattered roots 

to 2 feet (up to Vi-inch-diameter, <2% by volume) 

3.0 - 9.5 Medium-dense, moist, tan witii orange mottling, medium to coarse SAND with (S-1 and S-2) 

tt-ace gravel and silt 

Test pit terminated at approximately 9.5 feet 

No caving observed 

Moderate seepage at 9 feet 
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1-91 M-13973-0 
Test Pit Logs, Page 17 

Depth (feet) Material Description Sample No. 

Test Pit TP-33/lnfiltration Test IT-6 -

Location: Proposed Altemate infiltration location, northeastem site comer 
Approximate ground surface elevation: 59 feet 

0.0 - 0.75 Duff and topsoil (approximately 9 Inches remaining from sttipping and clearing) 
0.75 - 2.5 Loose to medium-dense, wet, orange-tan, silty, fine SAND with scattered 

organics and roots (up to 5-lnch-dlameter, <2% by volume) 
2.5 -15.0 Medium-dense, moist, tan wiUi orange mottiing, fine to medium SAND with ttace (S-1 and S-2) 

silt and scattered roots to VA feet (up to ynnch-dlameter, <2% by volume), 
negligible mottling below 12 feet 

Test pit terminated at approximately 15 feet 
Moderate caving below 2 feet 
No seepage observed 

Test Pit TP-34/lnfiltratlon Test IT-7 

Location: Proposed Altemate Infiltration location, northeastem site comer 
Approximate ground surface elevation: 57y2 feet 

0-0 -1.0 Loose, moist, orange-tan, silty, fine SAND with some roots (up to 3-lnch-

diameter, 5% by volume) 
1.0 - 9.5 Loose to medium-dense, moist, tan witti slight orange motUing, fine to medium 

SAND wltti ttace silt, grades to medium SAND by 8 feet 
9.5 -14.0 Dense, moist, tan witti orange mottiing, fine SAND witti ttace to some silt, (S-1 and S-2) 

grades to fine to medium SAND witti ti-ace silt by 11 y2 feet. 

Test pit terminated at approximately 14 feet 

Slight caving from 0 to 5 feet 
No seepage observed 
6 Inches of duff and topsoil observed at infilttation test location 
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Test Pit Logs, Page 18 

Depth (feet) Material Description Sahipie No. 

Test Pit TP-35/lnfiltration Test IT-8 

Location: Proposed Alternate infilttation location, northeastem site comer 

Approximate ground surface elevation: 57 feet 

Loose becomes medium-dense by 2 feet, moist, orange-tan, silty, fine SAND 

witti some roots (up to y2-lnch-diameter, <5% by volume) 

Medium-dense, moist, tan wiUi slight orange mottling, fine to medium SAND 

with ttace silt and scattered roots to 3 feet (up to Vi-inch-diameter, <2% by 

volume) 

Dense, moist, tan witti slight orange mottling, medium SAND with some coarse (S-1 and S-2) 

sand and ttace gravel, grades to medium SAND by 9y2 feet 

Test pit terminated at approximately 13.5 feet 

No caving observed; slight caving observed at infilttation test location below 1 yz 

feet 

No seepage obsen/ed 

0.0-

1.5 

7.0-

-1.5 

-7.0 

13.5 

Date Excavated: May 1. 2001 (Test Pits TP-1 through TP-21) Logged by: KSS / ALP 

June 4 and 5, 2001 (Test Pits TP-22 ttirough TP-35) Logged by: ALP 
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APPENDIX B 
LABORATORY TESTING PROCEDURES AND RESULTS 

1-91 M-13973-0 

The following paragraphs describe our procedures associated with the laboratory tests that we 
conducted for this project. Graphical results of certain laboratory tests are enclosed in this 
appendix. . . ; 

Visual Classification Procedures 

Visual soil classifications were conducted on all samples in the field and on selected samples in 
our laboratory. All soils were classified in general accordance with the United Soil Classification 
System, which includes color, relative moisture content, primary soil type (based on grain size), and 
any accessory soil types. The resulting soil classifications are presented on the exploration logs 
contained in Appendix A. 

Moisture Content Determination Procedures 

Moisture content determinations were performed on representative samples to aid in identification 
and correlation of soil types. All determinations were made in general accordance with ASTM:D-
2216. The results of these tests are shown on Uie exploration logs contained in Appendix A. 

Grain Size Analysis Procedures 

A grain size analysis indicates the range of soil particle diametere included in a particular sample. 
Grain size analyses were performed on representative samples in general accordance with 
ASTM:D-422. The results of these tests are presented on Uie enclosed grain-size distribution 
graphs and were used in soil classifications shown on tiie exploration logs contained in Appendix A 

California Bearing Ratio Test Procedures 

A Califomia Bearing Ratio (CBR) test provides a quantitative prediction of the relative quality and 
support characteristics of a saturated soil when subjected to wheel loads. CBR tests were 
performed on selected samples in general accordance with ASTM:D-1883. Representative 
portions from each sample are compacted in a mold to obtain a moisture-density relationship curve, 
a 15-pound surcharge is applied to each sample, and the samples are tiien immersed in water for 
at least 96 hours, during which time Uiey are monitored for swell. Next, a vertical load is applied 
to the surcharged soil with a penetration piston moving at a constant rate of strain, while the 
associated penetrations are measured and compared with the theoretical strain of crushed nDck. 
The ratio of the measured and Uieoretical loads (in percent) is defined as the CBR value for the 
soil at that particular density. The enclosed Califomia Bearing Ratio graphs present our test results 
as a plot of density and resistance versus moisture content. 
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Location: Tulalip Casino 

Job Number 191M-13973-0 
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1 sensitive fine grained 
; 2 organic material 

9 3 clay 

Northwest Cone Exploration Inc 

Maximum Depth = 30.35 feet 

M 4 silty clay to clay 
. 5 clayey silt to silty clay 
9 6 sandy silt to clayey silt 

Depth Increment = 0.16 feet 

60% Hammer 
0.0 50.0 

f l T 

U J-

3 7 silty sand to sandy silt 
• 8 sand to silty sand 
9 sand 

.,: 10 gravelly sand to sand 
^ 11 very stiff fine grained (*) 
9 1 2 sand to clayey sand (') 



A l V l t O d d l t r i Ot [ Z l l v i i u i i i i i c i i L a i 
Operator KBrovm 
Sounding: CPT-02 
Cone Used: 581 

CPT Date/Time: 05-02-01 09:38 
Location: Tulalip Casino 
Job Number 191 M-13973-0 

Tip Resistance 

Qc (Tonffl*2) 

Friction Ratio Pore Pressure Soil Behavior Type* SPT N* 

Fs/Qc (%) Pw (psi) 
ICXD.O 0.0 5.0 -15.0 20.0 

5.00 

10.00 

15.00 -

20.00 -

30.00 

25.CX3 - -L - L ' 

Zone: UBC-19S3 
0.0 12.0 

60% Hammer 
0.0 50.0 
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; 1 sensitive fine grained 
S 2 organic material 
9 3 clay 

Northwest Cone Exploration Inc 

Maximum Depth = 30.18 feet 

9 4 silty clay to clay 
..;5 clayey silt to silty clay 
9 6 sandy silt to clayey silt 

Depth Increment = 0.16 feet 

17 silty sand to sandy silt 
8 sand to silty sand 
9 sand 

S10 gravelly sand to sand 
M11 very stiff fine grained (*) 
9 1 2 sand to clayey sand (') 
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Operator ICBrown 

Sounding: CPT-03 

Cone Used: 581 

CPT Date/nme: 05-02-01 10:24 

Location: Tulalip Casino 

Job Number 191M-1397ao 

n 

Tip Resistance 

Qc (Ton/ft*2) 

Friction Ratio Pore Pressure 

Fs/Qc (%) Pw (psi) 
400.0 0.0 5.0 -6.0 

5.00 -

10.00 — 

th 15.00 -

20.00 -

25.00 

30.00 

^ i _ L _ L _ L 

I I 1 - I 1 — 

\ r -\ - r -\ • 

• r 1 ' 

.L J _ _ J J _ I , 

Soil Behavior Type* SPT N* 

Zone: UBC-1S83 60% Hammer 
0.0 12.0 0.0 50.0 

;fT-i I r . i ' ' . .' I 
1 i'i.-j,y,;jj,i.;i I 

..ja^tss^ffti^ I 
;ft;5J?lf.?tr r i i i 
n 11 I i j i^xi I 
«isiSSSaiiSi I 
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aiBi'Tti 1 I I I 1 
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Si'a^fMii'i.i 11 I 
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1 I I 
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•i 1 1 1 ) . ; ! . ! .1,1 I 

.1 * iii'-fep^^w I 
A^if^a6l\s&i 1 

Sg'i^trT-iA'i I 
•"^frri I I I I I I 
I 1,1 tOl.a.frJ I 

j i i . j , J2H, i j , ) . i 

i l 4 0 ' * r i : la 1 I 

i t n i;-r'.ivrt I i 
l i t b i hYtJSI 1 

1.LI 

1 sensitive fine grained 
M 2 organic material 
9 3 clay 

Northwest Cone Exploration Inc 

Maximum Depth = 30.51 feet 

S 4 silty clay to clay 
A i 5 clayey silt to silty clay 
9 6 sandy silt to clayey silt 

Depth Increment = 0.16 feet 

^ 7 silty sand to sandy silt 
i'^ 8 sand to silty sand 
•1.9 sand 

: ^ 10 gravelly sand to sand 
^ 11 very stiff fine grained (*) 
9 1 2 sand to clayey sand (*) 
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Operator ICBrown 
Sounding: CPT-02 
Cone Used: 581 

CPT Date/Time: 0W32-O1 09:38 
Locatbn: Tulalip Casino 
Job Number 191 M-13973^ 

Tip Resistance 

Qc (Ton/fl*2) 

10.00 — 

15.00 — 

Depth 

(n) 

20.00 -

Friction Ratio 

Fs/Qc (%) 
350.0 0.0 

Seismic Velocity 

(Meters/Second) 
2.0 0.0 450.0 

25.00 1 

35.00 

y_i 

Maximum Depth = 30.16 feet Depth Increment = 0.16 feet 

Northwest Cone Exploration Ire 



AMEU tar tn & bnvironmeniai 
CPT-2 Seismic Data 

Depth 
Ref* 

Depttl 
Ref 1. 

Depth 
Ref 2. 

Depth 
Ref 3. 

Depth 
Ref 4. 

Depth 
Ref 5. 

Depth 
Ref 6. 

Depth 
Ref 7. 

Depth 
Ref 8. 

1.250m 

2.250m 
250m 

3.250m 
250m 

4.250m 
250m 

5.250m 
250m 

6.250m 
, 250m 

7.250m 
250m 

S.250m 
250m 

9.250m 
250m 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

Delay 
Veloci 

15.4 4ms 
ty* 

21.94ras 
ty 107.71m/£ 

24.09ms 
ty 391.21m/£ 

28.14ms 
ty 223.54m/£ 

30.34ms 
ty 426.44ra/£ 

35.84ms 
ty 173.96m/£ 

38.68ms 
ty 339.73m/£ 

4 2.4Sms 
ty 256.77m/£ 

46.28ros 
ty 25e.l4m/£ 

100 
Time (ma) 

Hammer to Rod String Distance 1.75 (m) 
* = Not Determined 



AMEC Earth & Environmental 

ressure 
isi) 

Operator ICBrown 

Sounding: CPT-02 

Cone Used: 581 

CPT Date/Time: 0&O2-01 09:38 

Location: Tulalip Casino 

Job Number 191 M-13973^ ' 

Selected Depth(s) 
(meters) 

10 L I I I I I I I I I I I I I I I I I I I I I I I I I I I I I [ I I I 1 I I I I I [ I I I I I I I I I J g ^ 

' I I I I I ' l l I I ' ' ' ' • ' ' ' ' ' • ' ' • • ' ' ' ' • ' ' ' ' ' ' ' ' ' • • ' • ' • ' • ' 

2 3 

Time: (minutes) 

Maximum Pressure = 6.917 psi 
Hydrostatic Pressure = 11.676 psi 



Particle Size Distribution Report 
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500 100 10 
GRAIN SIZE - mm 

0.1 0.01 0.001 

1 % COBBLES 

0.0 

V. GRAVEL 

3.3 

% SAND 

94.0 

•/. SILT 1 •/. C U Y 

2.7 

SIEVE 

SIZE 

l i n . 
3/4 in. 
1/2 in. 
3/8 in. 
1/4 in. 
V # 4 

#10 
#20 
#30 
#40 
#50 
#60 

#100 
#200 

PERCENT 

FINER 

100.0 
98.4 
97.9 
97.3 
97.1 
96.7 
95.1 
87.0 
76.0 
41.8 
34.3 
12.6 
4.8 
2.7 

SPEC* 

PERCENT 

PASS? 1 

(X=NO) 1 

(no specification provided) 

SamplB No.: 4047.2 
Location: TP-11/S-3 

Soil Description 
Olive grey medium sand 
MC: 12.5% 

PL= 

D85= 0.718 
D3o= 0.290 
Cu= 2.45 

USCS= 

Atterberq Limits 
LL= 

Coefficients 
D60= 0.517 
Di5= 0.256 
Cc= 0.77 

Classification 
AASHTO= 

Pl= 

D50= 0.472 
Dio= 0.211 

Remarks 
Tested by: NB.SS 
Reviewed by: ML 
ASTMC136-96a, D1140-97, D2216-98 

Source of Sample: Date: 5-10-01 
Elev./Depth: 5.0' 

AGRA Earth & Environmental 
INGMCUtmC aCMAL SOlimONS 

Client: Tulalip Tribes 

Project: Tulalip Casino 

ProlectNo: 1-9IM-13973-0 Plate 



Particle Size Distribution Report 
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500 100 10 1 
GRAIN SIZE - mm 

0.1 0.01 0.001 

V. COBBLES 

0.0 
% GRAVEL 

0.3 
v. SAND 

97.8 
% SILT 1 % CLAY 

1.9 

SIEVE 

SIZE 
3/8 in. 
1/4 in. 

#4 
#10 
#20 
#30 
#40 
#50 

1 #60 
#100 
#200 

l____ 

PERCENT 
FINER 
100.0 
99.8 
99.7 
99.6 
95.9 
91.9 
69.2 
48.8 
24.5 
11.3 

1.9 

SPEC* 

PERCENT 

PASS? 1 
(X=NO) 

Soil Description 
Olive grey fine sand 
MC: 19.5% 

PL= 

D85= 0.547 
D3o= 0.261 
Cu= 2.52 

USCS= 

Atterberq Limits 
LL= 

Coefficients 
D60= 0.343 
Di5= 0.173 
Cc= 1.46 

Classification 
AASHTO= 

Pl= 

D50= 0.303 
Dio= 0.136 

Remarks 
Tested by: NB.SS 
Reviewed by; ML 
ASTMC136-96a, 01140-97, 02216-98 

(no specification provided) 

Sample No.: 4047.1 
Location: TP.12/S-5 

Source of Sample: . Date: 5-10-01 
Elev./Depth: 9.0' 

AGRA Earth & Environmental 
tNGlNttlUNG a.O«AL JOUmOHS 

Client: Tulalip Tribes 
Project: Tulalip Casino 

ProlectNo: 1-91M-13973-0 Plate 



Particle Size Distribution Report 

100 

UJ 

z 

UJ o a 
UJ 
Q. 

0.001 

GRAIN SIZE - mm 
V. COBBLES 

0.0 
V. GRAVEL 

0.0 
% SAND 

99.8 
% SILT 1 % CLAY 

0.2 

SIEVE 

SIZE 

.25 in. 
#4 

#10 
#20 
#30 
#40 
#50 
#60 

#100 
#200 

PERCENT 

FINER 
100.0 
100.0 
99.9 
99.7 
99.4 
84.6 
37.0 
18.7 
2.6 
0.2 

SPEC* 

PERCENT 

PASS? 1 
(X=NO) 

1 

Soli Description 

Blackish brwn sand 
MC: 6.4% 

PL= 

D85= 0.427 
D30= 0.283 
Cu= 1.63 

USCS= 

Atterberq Limits 
LL= 

Coefficients 
D60= 0.352 
Di5= 0.237 
Cc= 1.05 

Classification 
/\ASHTO= 

Pl= 

D5o= 0.329 
Dio= 0.216 

Remarks 
Tested by: NB.SS 
Reviewed by: ML 
ASTM C136, 01140,02216 

(no specification provided) 

Sample No.: 4121.3 
Location: TP-23/S-l 

Source of Sample: Date: 6-11-01 
Elev./Deptii: 7.5' 

Client: TULALIP TRIBES 

Project: TULALIP CASINO 

ProlectNo: 191M139730 Plate 



Particle Size Distribution Report 
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500 100 10 

GRAIN SIZE - mm 
0.1 0.01 0 001 

% COBBLES 

0.0 
% GRAVEL 

0.0 
%SAND 

99.1 

V. SILT 1 •/. CLAY 

0.9 

SIEVE 

SIZE 

#10 
#20 
#30 
#40 
#50 
#60 

#100 
#200 

PERCENT 

FINER 

100.0 
100.0 
99.2 
81.1 
44.7 
25.5 

4.2 
0.9 

SPEC* 

PERCENT 

PASS? 1 

(X=NO) 

Soli Description 

Blackish brwn sand 
MC: 6.5% 

PL= 

D85= 0.448 
D3o= 0.262 
Cu= 1.77 

USCS= 

Atterberq Limits 
LL= 

Coefficients 
D60= 0.343 
Di5= 0.216 
Cc= 1.04 

Classification 
AASHTO= 

Pl= 

D50= 
D10= 

0.314 
0.193 

Remarks 
Tested by: hfB.SS 
Reviewed by: ML 
ASTM C136, 01140, 02216 

(no specification provided) 

Sample No.: 4121.6 
Location: TP-24/S-1 

Source of Sample: Date: 
Elev ./Depth: 

6-11-01 
8.5' 

Client: TULALIP TRIBES 

Project: TULALIP CASINO 

ProlectNo: 191 Ml 39730 Plate 




