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We are pleased to present herein a copy of the above referenced report. This 
report presents the results of our subsurface exploration and geotechnical 
engineering s~udy relative to the roadway design and construction considerations. 
for the proposed project. Authorization to proceed with this study was provided in 
a letter .from Mr. Orren Fricke, dated -13 March 1986. This study has been completed 
in general accordance with our agreement contract dated 6 March 1986. 

We appreciate this opportunity to be of service to you ,and would be pleased to 
discuss the contents of this report or other aspects of the project with you· at 
your convenience. 

Respectfully submitted, 

RITTENHOUSE-ZEMAN & ASSOCIATES, INC. 

'CurtR. Thompson, Engineering Geologist 
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SUBSURFACE EXPLORATION AND GEOTECHNICAL ENGINEERI~G REPORT 
64TH STREET SOUTHWEST REALIGNMENT: MARINE DRIVE TO MISSION BEACH ROAD 
BIA PROJECT TIR 14(1) OF PSA 100 
TULALIP INDIAN RESERVATION 
SNOHOMISH COUNTY, WASHINGTON 

1.0 SUMMARY 

The proposed project construction is feasible with respect to the subsurface 
conditions encountered at the subject site. A brief surrmary of the project 
geotechnical considerations is presented below: 

o Our explorations generally disclosed the alignment to be underlain by 
native medium dense sands or stiff silts 1 to 3 feet beJow existing grades. 

,_. 

Surface grass and organic rich topsoi 1 and 1 oose s i1 ty sands were generally 
found above medium dense sand and stiff silt. Dense glacial till or hard 
overconsolidated silts were found at depth. 

0 The subsurface conditions along the roadway alignment appear to be suitable 
for roadway support contingent on proper subgrade preparation with 
stripping of the unsuitable soils prior to any fill placement. 

This surrrnary is presented for introductory purposes only and should be used in 
conjunction with the full text of this report. A project description, site 
conditions and our detailed design recorrrnendations are presented in the text of 
this report. The exploration procedures and logs are presented in Appendix A. 
Laboratory test procedures and results are presented in Appendix B and on the 
exploration logs where appropriate. 

2.0 PROJECT DESCRIPTION 
The project area is located on 64th Street Southwest, from Marine Drive to Mission 
Beach Road in the Tulalip Indian Reservation, Snohomish County, Washington. The 
planned realigned roadway is approximately 0.4 miles long. 
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The proposed project consists of widening 64th Street Southwest to the south of 
the existing roadway with the elimination of the impaired sight distance at the 
crest of a vertical curve by cutting 4 to 6 feet. To the west, the intersection 
with Mi'ssion Beach Road and 30th Drive Northwest is to be realigned, improving 
sight distances along a horizontal curve and facilitating better access to the 
buildings and marina to the north. A new roadway construction ljnk will connect 
64th Street to Marine Drive on the east. The proposed roadway layout and orientation 
is shown on the Site and Exploration Plan, Figure 1. 

The purpose of this study was to establish general subsurface conditions at this 
site from which conclusions and recommendations for the proposed roadway design 
and construction could be formulated. The scope of work consisted of field 
explorations, geotechnical engineering analyses; laboratory testing, and report 
p~eparation. In the event of any changes in the nature, design or location of the 
roadway, the conclusions and recommendations contained in this report should_ be 
reviewed and modified, if necessary, to reflect the changes. This report has been 
prepared for the exclusive· use of the BIA and White Shield Associates and their 
agents, for specific application to this project in accordance-with generally 
accepted geotechnical engineering practices. 

3.0 SITE CONDITIONS 
The site conditions were evaluated for this study in March 1986. The surface and 
subsurface conditions ~re described below, while the exploration procedures and 
interpretive logs of the explorations are presented in Appendix A. The proposed 
site development and approximate locations of the explorations are indicated on 
the Site and Exploration Plan, Figure 1. 

3.1 Surface Conditions 

At the time of our exploration the roadway alignment was generally covered with 

thick surface brush and trees. From station 0+00 at the intersection of Marine 
Drive and 64th Street Southwest, to approximately station 3+50 we observed a low 
lying wet area with some ponded surface water and swampy vegetation. The ground 
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elevation rises to a high point (approximately relative elevation 100 feet) at 
station 7+00. The alignment then slopes gradually to a low point (approximately 
relative elevation 20 feet) at the terminus of the alignment near station 21+00. 
A drainage ditch is present along the south side of 64th Street Southwest, 
approximately 4 to 5 feet below existing street grade. The entire alignment 
adjacent to the existing road contains thick brush and numerous large trees such 
as fir, alders and cedars. A totem pole entry way is present in the planned roadway 
alignment at approximately station 19+50. 

3.2 Subsurface Conditions 
The subsurface conditions encountered by our explorations varied. A surface 1 to 
2 foot thick layer of organic-rich topsoil or forest duff was encountered, underlain 
by materials varying from loose, silty sand to medium dense, fine to coarse sand 
and stiff, fine sandy silt. Test pit TP-1 had 2 feet of fill consisting of medium 
stiff, sandy silt atop the original topsoil and a stiff to very stiff, fine sandy 
silt. Test pits within the western third of the alignment (except TP-1) generally 
encountered sand-and silty sand, to 3 foot in depth, overlying silt. Within the 

a 

central portion of the alignment, (test pits TP-4 and TP~5) silty sand 6 to 7 feet 
deep overlies glacial till. Glacially overconsolidated soils, specifically glacial 
till and hard silts, were observed below the upper silt or medium dense sand horizon 
at 3 to 8 feet of aepth. The glacial till consisted of a dense, moist, brown
gray, silty gravelly sand. The overconsolidated silts were generally a very stiff 
to hard, moist, gray clayey silt. The glacial till and overconsolidated silts 
have been compressed by the weight of the glacial ice in the geologic past. This 
glacial till material and all materials below it are relatively incompressible and 
exhibit high shear strength • 

Test pit TP-7 excavated in the wet area near Marine View Drive disclosed stiff 
sandy silt beneath a 2 foot topsoil horizon. Below the 4 foot thick layer of stiff 

silt we observed a 3 foot layer of soft, wet, silty clay. Medium dense, silty fine 
to medium sand was found below the clay . 



[IJ 

• • 
lll 

• • 
fll 

• 
• { 

• I 

• 
"' 

' White Shield Associates 
• 29 April 1986 

W-4796-1 
page 4 

Laboratory soils testing was accomplished on two soil types, as described in the 
project engineering services scope of work. The laboratory testing procedures and 
results are described in Appendix B of this report. The testing indicated California 
Bearing Ratio (CBR) values of 10 percent for recompacted glacial till, and 1 percent 
for recompacted clayey silt. These are anticipated to comprise the two predominant 
soil types at subgrade elevation along the alignment • 

3.3 Ground Water 

Ground water seepage was observed from 2 to 7 feet below the ground surface in all 
of the test pits. However, a mottled (oxidized) coloration was observed in the 
medium dense upper silty sand and stiff silt, indicating periodic or intermittent 
saturated conditions in test pits TP-1 through TP-5, at depths consistently as 
shallow as 2 to 3 feet below existing grade. The ground water disclosed may 
represent a "perched" ground water condition, where infiltration vertically is 
impeded by the relatively impermeable deposits present at depth. It should be 
noted that ground water and moisture conditions will fluctuate depending upon the 
season, site utilization and other factors • 

4.0 CONCLUSIONS AND RECOMMENDATIONS 
We understand that 64th Street Southwest will be realigned and widened with grades 
improved between Marine Drive and Mi ss ion Beach Road for the project. The 
intersection of 64th Street Southwest and Mission Beach Road and 30th Drive 
Northwest will be also realigned and improved for better visibility and access. 
Included in this work will be some cuts, fills, and general grading associated 
with road construct ion. Based on our subsurface exp 1 oration program, the subsurface 
conditions along the alignment appear to be suitable for the proposed improvement, 
contingent on proper subgrade preparation with stripping of the unsuitable organic 
topsoils prior to any fill placement. 
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All areas which will be graded should be cleared of all vegetation or existing 
pavement, stripped of topsoil and any existing fill. Where the vertical distance 
between the existing asphalt surface and the subgrade to receive the new pavement 
section is less than 2 feet we recommend the existing asphalt be removed. Based 
on conditions disclosed in our test pit explorations, we estimate this stripping 
of organics and soft soil would generally be on the order of 1 to 3 feet in depth, 
although deeper local areas may exist especially in relation to large tree stumps 
and in the wet area at the east end of the project. The topsoil may be stockpiled 
for use in landscaped areas. However, the brush and vegetation should be removed 
from the project site and wasted. 

The native subgrade soils contain a high percentage of silt, and will therefore, 
be very susceptible to disturbance when damp or wet. For this reason, site work, 
including stripping, should be scheduled for the warm, dry summer months. Also, 
due to the perched ~ground water condition, the contractor should intercept and 
divert surface water runoff around work areas. Failure to adequately drain the 
site may increase the amount of soil disturbance and necessitate greater amounts 
of overexcavation to remove wet soils. Additionally, if areas of spring activity 
or seepage are encountered during excavations, culverts, subdr ai ns or pumped sump 
installations may be necessary to divert the water around the work area. 

If areas of soft or pumping subgrade or deeper organic rich soils are encountered 
during stripping, these areas should be overexcavated and backfilled with structural 
fill as recommended below. Areas excavated to design or subgrade elevations, or 
which are to receive fill, if they are at or below optimum moisture levels, should 
be pre-rolled with a vibratory roller to a firm, non-yielding condition. We 
recommmend that pre-rolling be accomplished such that the upper 12 inches of the 
exposed, non-organic soil is compacted to a density of at least 95 percent of the 
laboratory maximum density, using AASHTO:T 99 as a standard. If the subgrade is 
silty and more than a few percent above the optimum moisture content, adequate 
compaction may be difficult or impossible to achieve. As discussed subsequently, 
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it may be nec~ssary to scarify the upper layer of wet subgrade soils, allow them 
to dry and then recompact. If this is not practical, it may be necessary to remove 
the wet soils. The area to receive fi 11 may be blanketed with a clean, coarse 
gravel, crushed rock, quarry spalls or free-draining sand and gravel. The 
contractor should be made aware of the fact that the site soils are susceptible 
to disturbance when they are only slightly wetter than optimum. Therefore, it may 

be necessary to perform final stripping with a smooth edged backhoe or shovel. 
Additionally, the contractor should avoid disturbance of the site soils by vehicular 
traffic above prepared subgrade areas, especially in wet weather or wet site 
conditions. 

During stripping and subgrade preparation, a representative from our office should 
be present on-site to evaluate the contractor•s work and the soils encountered, 
_and to help resolve any questions which may arise. 

4.2 Embankment Fill 

All fill placed in roadway, curb and si<;lewalk areas including utility trench 
backfill should be placed in accordance with the recorrrnendations for embankment 
fill. Prior to placement of embankment fill, the surfaces to receive fill should 
be prepared as previously recorrrnended by pre-rolling and compaction. We recommend 
the embankment fill placed beneath sidewalk, shoulder and street areas, extend at 
least 2 feet beyond the lateral extent of such areas. Embankment fill should be 
placed in loose lifts oat exceeding 8 inches in thickness. Individual lifts should 
be mechanically compacted to a uniform density of at least 95 percent of the 
standard Proctor maximum dry density (AASHTO:T 99). We recommend that a 
representative from our firm be present on a full-time basis during placement of 
embankment fi 11 to observe the work and perform a representative number of in
pl ace density tests. In this way, the adequacy of the earthwork may be evaluated 
as construction progresses . 

•• ~ • •, ._.,. T • 
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The suitability of soils for embankment fill use depends primarily on the gradation 
and moisture of the soil when it is placed. As the amount of fines (that portion 
passing the U.S. No. 200 sieve) increases, soil becomes increasingly sensitive to 
small changes in moisture content and adequate compaction becomes more difficult 
to achieve. Soi ls containing more than about 5 percent fines by weight, such as 
the bulk of the site soils, cannot be consistently compacted to a firm, non-yielding 
condition if the moisture content is more than a few percent above the optimum 
moisture content. Optimum moisture content is that which allows the most dense 
compaction with a given compacti ve effort. Embankment fi 11 shou 1 d consist of a 
predominantly granular soil free of organics and other deleterious material with 
a maximum size of about 6 inches. The native organic topsoil is unsuitable for use 
as a embankment fill. 

The soils encountered in our test pits contain large amounts of fines and as such 
would need considerable drying and moisture conditioning prior to use as embankment 
fill. Within the proposed cut section near stations 3+00 to 10+00, test pits 
generally encountered glacial till and overlying granular soils. Our laboratory 
testing indicated optimum moist~re content for the gl~cial till is approximately 

11 percent and 22 percent for the clayey silt. Moisture contents of these materials 
were generally 3 to 5 percent wet of optimum for the silt, and 2 to 3 percent dry 
of optimum for the glacial till. This information indicates that the glacial till 
is generally suitable for use as embankment fill during extended dry weather 
periods, however, it is highly moisture sensitive. Clayey silt was encountered 
in test pits at the eas~ern 500 feet of the project, and at depth within the western 
third of the project length. The silt soils would be extremely difficult to use 
as embankment fill, due to their high moisture contents which are considerably wet 
of optimum moisture. Additionally, most of the near-surface soils are wet of 
optimum moisture content. 
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At this site, the glacially consolidated silty soils present at depth may result 
in the development of a perched ground water condition. Additionally, traffic 
across the upper silty soils when they are damp or wet will lead to the disturbance 
of the otherwise firm strata. Therefore, prior to site work and construction, the 
contractor Should be prepared to intercept and divert surface water runoff around 
exposed ground surfaces. Additionally, if areas of spring activity or seepage are 
encountered in excavations, culverts, subdrains, or pumped sump installation may 
be necessary to transport the water past the area being developed . 

In order to minimize the associated excavation problems, grading and trenching 
should be scheduled during the drier surrrner months. Even with work scheduled for 
the dry season, we still anticipate that some form of ground water management will 
be required, especially during excavation for deeper cuts, as well as utility 
trenches. In some areas along the proposed alignment, discontinuous subsurface 
flow and surface water were observed.,- Much of this intermittent flow in the 
excavations may be controlled by maintaining sumps and sump pumps in the bottoms 
of the trenches, and by constructing berms alongside of the trenches to prevent 
overland flow into the excavations. 

4.4 Temporary and Permanent Slopes 
The stability of cut slopes made during the site work process is a function of 
many factors including the following: 

1. Presence and abundance of ground water. 
2. Type and density of the various soil strata. 
3. The depth of cuts. 
4. Surcharge loadings adjacent to the excavations. 
5. The length of time the excavation remains open . 

Consequently, it is exceedingly difficult to establish a safe and maintenance free 
cut slope angle . Temporary cut slope stability should, therefore, be the 
responsibility of the contractor, since he is continuously at the job site, able 
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to observe the nature and condition of the subsurface materials encountered, monitor 

the cut performance, and able to control the scheduling of site activities. We 

recommend that cuts, where excavations are deeper than 4 feet in' depth, be adequately 

sloped or braced to prevent injury to workmen from localized sloughing and spalling • 

All excavations should be accomplished in accordance with applicable local, state 

and federal safety provisions. Temporary slopes should be draped with visqueen 

or other means to protect them from the eleffle-nts and minimize sloughing and erosion. 

If filling takes place on ground which slopes more steeply than 5H:1V 

(Horizontal:Vertical), the base of the embankment should be tied to the firm stable 

subsoil by appropriate keying and 9enching. Permanent slopes in compacted fill or 

in the medium dense, natural sand or -stiff to very stiff silts should be cut at 

an angle no steeper than 2H:1V, and should be protected from erosion by diversion 

berms and a vegetated cover that is established as soon as possible. Glacial till 

may be cut at 1.5 to lV. If steeper slopes are desired, the slope face should be 

restrained with an appropriate retaining wall. 

Fill slope surfaces should be compacted to the same 95 percent density (AASHTO:T 99) 

as the body of the fill. This may be accomplished by overbuilding the embankment 

and cutting back to its compacted core, or by compacting the face of the slope as 

it is constructed. All cut away soil should, however, be placed elsewhere in the 

project area as compacted fi 11 or it should be removed from the project area. 

Permanent cut and fi 11 slopes should be protected from erosion by appropriate 

diversion berms, drainage swales, planting and if necessary, an impervious cover. 

If seepage zones develop on cut slopes it would be appropriate to blanket the 

effected area with light loose riprap, quarry spalls or a similar free-draining, 

angular facing to minimize piping and gullying . 
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Areas to receive pavement should be stripped as previously described to obtain 
suitable subgrade conditions. If the area has to be brought up to design subgrade 
elevations, structural fill should be placed in accordance with the recommendations 
in sect ion 4. 2. Critical features which govern the durability of the surfacing 
include stability of the subgrade, the presence or absence of moisture and free 
water, the fines content of the subgrade soils, traffic volume and the frequency 
of use by heavy vehicles. 

We recorrrnend the following pavement sections, based upon the traffic criteria 
provided to us. We understand the roadway is designed as a rural collector, with 
average daily traffic of 1500 vehicles. With an assumption of 5 percent heavy 
trucks, we have utilized a design value of 30 equivalent 18-kip axle loads (EAL) 
for pavement thickness design .. Pavement thickness design was based on the AASHTO 
"Interim Guide for Design of Pavement Structures 11

• We recommend the following 
al tern ate pavement sections, which have a gravel equi val ency of approximately 
16 inches: 3 inches asph~t concrete, 4 inches crushed rock, and 6 inches sand 
and gravel subbase, or 4 inches asphalt concrete, and 8 inches -crushed rock. Within 
cut sections over clayey silt site soils, we recorrrnend adding at least 6 inches 
of sand and gravel subbase to the above pavement sections. This condition is 
anticipated in the eastern approximately 500 feet of the project, based on the 
preliminary centerline profile supplied to us. 

5.0 CLOSURE 
The conclusions and recorrrnendations in this report are based on the test pit 
excavations accomplished for this study. The number, location, and depth to the 
explorations were completed within the site and proposal constraints to yield the 
information necessary to formulate our recorrrnendations. Al though suitable subgrade 
soi 1 s were encountered near the surf ace across the project area, proper site 

preparation and construction procedures should be followed. We are available to 
provide geotechnical engineering service during earthwork and construction phases 
of the project. If variations in the subsurface conditions are observed at that 
time, we would be able to provide geotechnical engineering recommendations necessary 

to reflect the changes • 
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We appreciate this opportunity to be of service. If you have any questions, please 

do not .hes it ate to ca 11. 

Respectfully submitted, 

RITTENHOUSE-ZEMAN & ASSOCIATES, INC. 

Curt R. Thompson, Engineering Geologist 

A:S.~ 
JohnE.Zipper, p..,5enic)rProject 

Tom Bekey, P.G., Vice-President 
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The field exploration program conducted for this study consisted of advancing a 
series of seven test pits. The approximate exploration locations are illustrated 
on the Site and Exploration Plan, Figure 1. The locations were obtained in the 
field by hand held compass and tape from existing site features. Elevations of 
the explorations were obtained by measurement with hand level to survey stakes. 

Test Pit Excavations 
The test pits were excavated with a rubber-tired backhoe on 28 March 1986, by a 

local excavating contractor. The test pi ts were ob seryed and 1 ogged by an 

engineering geo 1 ogi st from our firm. Disturbed but representative samples of the· 
soils in the test pits were retrieved, classifiedTntlleTieTd and transported in 
plastic bags to our laboratory for detailed evaluation and classification. The 
test pit logs are presented in this appendix and are based on the inspection of 
the samples secured and the field logs. The relative soil densities indicated on 
the test pit logs are interpretative descriptions based on the conditions observed 

during the excavation. 
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Sample % Water 
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TEST PIT TP - 2 

Sample 
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%Water 
Content 

Other 
Tes ts 

0th er 
Tests 

Atterberg 
Limits 

Depth 
(feet) 

Approximate Ground Surface Elevation +2 
o.--~~~~~~~~~~~~~~~~~~-

Medium stiff, moist, brown/gray, fine to medium 
1 - sandy SILT with trace coarse sand, clay, roots 

(.FILL) 

4-

5-

6-

7 

9-

Stiff, moist, mottled brown/gray SILT with some 
fine to medium sand, trace clay 

Dense, moist, brown/gray, silty fine SAND with 
some medium to coarse sand, gravel 
(_glacial till) 

, 01-----------------------

1 1 -

12 

Depth 
Cf e et) 

Total Depth 10.0 feet 
Seepage at 6.0 feet 

SOIL INTERPRETATION 

Approximate Ground Surface Elevation +3 
0,---------------------------------------------

TOPSOIL 
1.------------------------------------,-------~ 

Medium dense, moist to wet, brown, fine to coar 
2- SAND with some silt 

3.---:-:-----:-:-:----:--:---:--:-:--:---:---;-------..-.---Very stiff, moist, mottled brown/gray, fine sar 
SILT with some medium to coarse sand, trace clc 4-

5.-------------------------------------------~ 
6-

7-

8-

9-

Hard, moist, gray, fine sandy SILT with 
trace clay 

10+-----------------------'---------------------~ 
Total Depth 10.0 feet 

11- Seepage at 3.0 feet 

12 
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o-.--:--~~~~~~~~~~~~~~~~~~~~~~ 

TOPSGIL 

2-

Loose, moist, brown, silty fine to medium ~.ANu 
with some gravel, roots 

Stiff, moist~ mottled brown/gray SILT with some 
4- fine to coarse sand, trace clay 
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TEST PIT TP - 4 

Sample 
'X,Water 
Content 

Other 
Tests 

6-

7-i--~~~~~~~~~~~~~~~~~~~~~~~~ 

Dense, moist, gray, silty fine SAND with some 
a- medium to coarse sand, gravel, trace roots 

(glacial till} 

Total Depth 9.0 feet 
10- Seepage at 3.0 feet 

11 -

12-

SOIL INTERPRETATION 

Depth 
Cf e et) 

AP proximate Ground Surface EI e vat ion + 80. 2 
o.-~~~~~~~~~~~~~~~~~~~~~~~~ 

TOPSOIL 
1 

2-1--~~~~~~~~~~~~~~~~~~~~~~~~ 

Medium dense, moist, mottled brown/gray, silty 
fine to medium SAND with trace coarse sand, 
gravel 

3-

4-

5-

6-

8-

9-

Dense, moist, brown/gray, silty fine to coarse 
SAND with some gravel (glacial till) 

10...J--~~~~~~~~~~~~~~~~~~~~~~~~ 

Total Depth 10.0 feet 
Seepage at 7.0 feet 

1 1 -

1 2 -
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2 

3 

&ample % Water 
Conte n·t 

25 

TEST PIT TP - 4 

Sample 
% Water 
Content 

Other 
Tes ts 

Depth 
(feet) 

A P P r o x i m a t e G r o u n d S u r f a c e E I e v a ti o n +61 . 8 
o-.~~~~~~~~~~~~~~~~~~~~~~~-

TOPSGIL 
11--;-~~~-:-:--.-~~---:--:-:;-;--'---?'"""""~-.-~_,....~-,.-,....,....~~-

Loose, moist, brown, silty fine to medium SANU 
2-

4-

with some gravel, roots 

Stiff, moist~ mottled brown/gray SILT with some 
fine to coarse sand, trace clay 

Atterberg 
Limit, CBR, 5 
Proctor 

Other 
Tests 

6-

8 

Dense, moist, gray, silty fine SAND with some 
medium to coarse sand, gravel, trace roots 
(glacial till} 

Total Depth 9.0 feet 
10- Seepage at 3.0 feet 

1 1 -

12 -

SOIL INTERPRETATION 
Depth 
CI e et) 

APP r ox i mate Ground Surface EI e vat ion + 80. 2 
0-r-~~~~~~~~~~~~~~~~~~~~~~~~ 

3-

5-

6-

8 

9-

TOPSOIL 

Medium dense, moist, mottled brown/gray, silty 
fine to medium SAND with trace coarse sand, 
gravel 

Dense, moist, brown/gray, silty fine to coarse 
SAND with some gravel (glacial till) 

104-~~~~~~~~~~~~~~~~~~~~~~~~ 

Total Depth 10.0 feet 
Seepage at 7.0 feet 

1 1 -

1 2 -



I TEST PIT TP - 5 
% Water 
Conten·t 

I 
I . 

I 
I 

I 
' 
' ; 

I 
l 

Sample 

8 

TEST PIT TP - 6 

i 
II 1 '; 
j 

i 12 
ii 
JI 3 

I 

• 
I 

Sample 
% Water 
Content 

18 

SOIL INTERPRETATION 
Other Depth 
Tes ts (feet) 

Approximate Ground Surface Elevation+ 100.3 
0 

TOPS(j!L 

Loose, moist, brown, silty fine to medium SAND 
2 with some roots 

3 

Medium dense, moist, mottled brown/gray si 1 ty 
4- fine to medium SAND 

5. 

6~----------------------------------------------~ 
Grain Size, 
CBR, Proctor 7 

Dense, moist, brown/gray, silty fine to coarse 
SAND with some gravel (glacial till) 

Other 
Tests 

Grain Size 

8-r-----------------------------------------------
Total Depth 8.0 feet 
Seepage at 5.0 feet 9-

1 0 -

11 -

12 -

Depth 
Cf e et) 

~OIL INTERPRETATION 

Approximate Ground Surface Elevation + 89.6 
o~------------------------------------------------

TOPSOIL 
1 -

2;-------------------------------------------------
Medium dense, wet, brown, fine to coarse SAND 
with some gravel, trace silt 3-

4,.-------------------------------------------------
5 

6-

7-

8 

9-

Hard, moist, gray SILT with some fine sand, 
trace clay 

10-'--------------------------------------------------
Total Depth 10.0 feet 
Seepage at 2.0 feet 

1 1 -



TEST PIT 

1 

2 

3 

4 

I 
I 
I 
I 

I 
I 

TP - 7 

% Water 
Conte n·t 

0 ther 
Tes ts 

SOIL INTERPRETATION 
O ep th 
(feet) 

Approximate Ground Surface Elevation+ 87.9 
0.-----------~---~---~---------------------~~~---------.:..:.._~ 

TOPSOIL 
1 -

2-t------------------------------------------:-----------------------------------
Stiff, moist to wet, gray, fine sandy SILT 

3 with trace clay 

4-

5-

7 

8 

Soft, wet, gray, silty CLAY with trace 
fine to medium SAND 

Medium dense, moist, gray, silty fine to medium 
1 a - SAND 

Total Depth 11.0 feet 
12- • Seepage at 2.Q feet 

":' 
·.,.,~ 
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APPENDIX B 

LABORATORY TEST RESULTS 
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LABORATORY TESTING PROCEDURES 

APPENDIX B 
W-4796-1 

A series of laboratory tests were performed during the course of this study to 

evaluate the index and geotechnical engineering properties of the subsurface soils. 

Descriptions of the types of tests performed are given below. A series of two of 

each of the required tests described in the project statement of work were 

accomplished. 

Visual Classification 
Samples recovered from the exploration locations were·visually classified in the 

field during the exploration progr~m. Representative portions of the samples were 

carefully packaged in watertight containers and transported to our 1 aboratory where 

thi field classifications were verified or modified as required. Visual 

classification was done in general accordance with the Unified Soil Classific~tion 

system. Visual soil classification includes color, relative moisture content, 

soil type based on grain size, and accessory soil types included in the sample. 

Soil classifications are presented on the exploration logs in Appendix A. 

Moisture Content Determinations 
Mai sture content determinations were performed on repres_entati ve samples obtained 

from the explorations in order to aid in identification and correlation of soil 

types. The determinations were made in general accordance with the test procedures 

described in ASTM:D 2216. The results of the tests are shown on the exploration 

logs in Appendix A and on the results of other lab tests as appropriate. 

Atterberg Limits 
Atterberg limits are used primarily for classification and indexing of cohesive 

soils. The liquid and plastic limits are two of five Atterberg limits and are 

defined as the moisture content of a cohesive soil at arbitrarily established 
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limits for liquid and plastic behavior, respectively. Liquid and plastic limits 

were established for selected samples in a general accordance with AASHTO T89 and 
AASHTO T90, respectively. The results of the Atterberg Limits are presented on a 
plasticity chart in this appendix where the plastic index (liquid limit minus 
plastic limit) is related to the liquid limit. The plastic limits and liquid 

limits are also presented in Appendix B. 

Grain Size Analysis 
A grain size analysis indicated the range in diameter of soil particles inlcuded in 
a praticular sample. Grain size analyses were performed on representative samples 
in general accordance with AASHTO 188. The results of the grain size determinations 
for the samples were used in classification of the soils, and are presented in 

this appendix. 

Laboratory Maximum Density Test 
The laboratory maximum density represents the highest degree of density which can 
be obtained from a particular soil type by inducing a predetermined compaction 

< 

effort. The test deterniines the "optimum" moisture content of the soi 1 at the 
laboratory maximum density. The laboratory maximum density test was performed in 
general accordance with AASHTO T99 (Standard Proctor) on a bulk sample of material. 
The test result is shown in this appendix and presented as a curve where the dry 

.,, 

soil density is compared to the moisture content of the soil. 

California Bearing Ratio Tests 
A series of California Bearing Ratio tests were performed on selected samples of 
the site soils in general accordance with AASHTO Tl93, to provide an evaluation 
of the relative quality and support characteristics of subgrade soils. 
Representative portions from each samples were compacted in a mold, in general 
accordance with AASHTO T99 at various compactive energies, approximately at optimum 
moisture content. Following compaction a 15 pound surcharge was applied to each 
sample which was then totally immersed in water and allowed to soak for a period of 
72 to 96 hours, during which time it was monitored for swell. At the end of this 
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period the sample was removed, drained and a vertical load applied to the surcharged 

soil with a penetration piston at a constant rate of strain. Measurements of the 

applied vertical load were obtained at selected penetration depths. CBR test 

results plotted in terms of percent compaction (AASHTO T99) versus percent corrected 

CBR are presented in this Appendix. 
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GRAIN SIZE DISTRIBUTION 

COBBLES 

•.......••.••.. 

GRAIN SIZE IN MILLIMETERS 

Coarse Fine Coarse Medium Fine Silt Clay 

Boring 

TP-5 
TP-6 

GRAVEL 

Sample 

S.-2 

S-2 

SAND FINE GRAINED 

Depth % Mois!ure % Passing 200 

6' - 8' 

2' - 4 1 

7.8 
17.7 

Tulalip Indian Reservation 
W-4796-1 

29 
3.8 

RITTENHOUSE-ZEMAN & 
ASS0CL4 TES, INC. 

Geotechnical Consultants 
1400 140th N.E. 
Bellevue, Washington 98007 
(206) 746-8020 

HZA 
~ ~ 
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COMPACTION CURVE 

COMPACTION TEST 
ST ANOARD AASHTO T99 

EXPLORATION _T_P-_5 ____ _ 

SAMPLE NO. ---'S=---=2 ____ _ 
DEPTH ___ 6_-_8_f_ee_t __ _ 

SOIL DESCRIPTION ----
Silty, gravelly SAND 

(.Glacial Till) 

MAXIMUM 
DRY DENSITY 126 pcf 

OPTIMUM 
11% 

90 ~......i, ........ ...,,..._ ........ ..i-,.~......:....J.-.....1...:...-.....i... ........ ~.l....J.....;........._.l,,..l~~~ 
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MOISTURE CONTENT - % 

Tulalip Indian Reservation 

w.o. W-4796-1 

By JZ 

Date 4/24/86 

RITTENHOUSE-ZEMA.\' & 
ASSOCIATES. INC. 

Geotechnical Consultants 

1100 f.J()th Arenue .V.E. 

Bel/epue. Washington 9800.:i 

RZA 
~ ~ 
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COMPACTION TEST 
STANDARD MSHTO T99 

EXPLORATION _,_T._P-...,.3~---
SAMPLE NO. ~-S-_2 ________ _ 

DEPTH ~--3_-_J_f_e_e_t ______ __ 

SOIL DESCRIPTION ----

Clayey Silt 

MAXIMUM 
DRY DENSITY 101 pcf 

OPTIMUM 
MOISTURE CONTENT 22% 
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MOISTURE CONTENT - % 

Tulalip Indian Reservation 

w.o. W-4796-1 RITTENHOUSE-ZEMA.\" & RZA JZ ASSOCIATES. INC. 
By 

Geotechnical Consultants ~ Date 4/24/86 
1400 1.JOth Arenue .V.E. ~ Bellec•ue, Washington 9800.5 
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TEST METHOD AASHTO T193 

Moisture Content 9-10% 

CORRECTED CSR % 
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APRIL 1986 Geotechnical Consultants 
Date ~ 1400140th Avenue N.E. 

Bellevue. Washi11gton 98005 
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