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Enclosed is our supplemental geotechnical report for the referenced 
project. This report presents the results of our field explorations and 
laboratory testing, provides geotechnical recommendations for design of 
the project, and discusses construction considerations as related to the 
geotechnical aspects of the project. This report supplements our pre-
1 i min ary geotechn i ca 1 report of November 1, 1988, ent it 1 ed, "Geotechn i -
cal Evaluation - Proposed City of Everett Water Supply Pipeline No. 2 
Rehabilitation" for the two sections of pipeline referenced above. The 
recommendations in this report supersede our preliminary recommendations 
for the same sections as presented in our previous report. A draft 
report was presented to you on December 14, 1988. The recommendations 
in this report supersede our draft report. 

We appreciate the opportunity to be of service to you on this project. 
If you have any questions, or if we can be of additional assistance, 
please contact us. 
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1.0 INTRODUCTION AND SCOPE OF WORK 

This report summarizes the results of our geotechnical explorations and 
design recommendations for the proposed rehabilitation of the City of 
Everett's Water Supply Pipeline No. 2 from station 141+80 to 184+45 
(designated herein as eastern alignment section) and station 295+00 to 
367+25 (designated herein as western alignment section). These segments 
of the alignment are located between Tunnel Portal No. 4 and the Panther 
Creek Screenhouse. The purpose of our work was to explore the subsur­
face conditions at the site, provide geotechnical engineering recommen­
dations to aid in design, and discuss geotechnical related construction 
aspects of the project. This report supplements our preliminary report 
of November 1, 1988, entitled, "Geotechnical Evaluation - Proposed City 
of Everett Water Supply Pipeline No. 2 Rehabilitation" for the stations 
referenced above. However, the recommendations in this report supersede 
our preliminary recommendations as presented in our previous report. 
This report supersedes our draft report dated December 14, 1988. 

Converse Consultants NW (Converse) was retained by James M. Montgomery, 
Consulting Engineers, Inc. (JMM) to perform the following work: 

Review available information compiled during our preliminary 
geologic reconnaissance along the referenced sections of the 
alignment and any additional information obtained from the City 
of Everett. 

Explore the subsurface conditions along the alignment by exca­
vating between 8 and 12 test pits at selected locations to a 
minimum of 10 feet below the existing ground surface or to a 
depth of at least three feet below the existing pipeline No. 2 
invert. 

Perform laboratory tests on soil samples obtained in the field 
to determine soil moisture contents, liquid and plastic Atter­
berg limits of cohesive samples, grain size distributions for 
cohesionless soils, and optimum moisture to maximum dry density 
relationships as defined by ASTM 0-1557 (Modified Proctor). 
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Provide geotechnical engineering recommendations for pipeline 
excavation, bedding, backfill and compaction methods, including 
the suitability for reusing excavated soils as backfill; esti­
mate anticipated settlements for both the replacement pipeline 
and the existing pipelines on each side of the pipe to be re­
placed; estimate the difficulty of trench excavation; provide 
temporary surcharge loads due to traffic and stockpiled materi­
als; discuss the limitations of open cut excavations, appro­
priate earth pressure parameters for temporary shoring design, 
and possible impacts of excavation on the adjacent pipelines; 
discuss the necessity of temporary trench dewatering; and pro­
vide soil parameters for design of thrust restraint with the 
use of restrained joint pipe. 

Prepare and submit three draft copies and five final copies of 
our report which presents our conclusions and recommendations. 
The report includes a site plan with field exploration loca­
tions, test pit logs, and laboratory test results. 

Our work was performed in accordance with our proposal dated November 
21, 1988 and our subcontract agreement with JMM dated November 29, 1988. 
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2.0 EXECUTIVE SUMMARY 

The following presents a summary of our principal findings and recommen­
dations. The subsequent sections of the report should be consulted for 
discussion of each point, as well as for other recommendations. 

Subsurface conditions along the eastern segment of the align­
ment (station 141+80 to 184+45) generally consisted of a thin 
layer of topsoil underlain by alluvial soils to depths of 6 to 
at least 15 feet (exploration termination depths) underlain by 
glacial till. Along the western segment of the alignment (sta­
tion 295+00 to 367+25) subsurface conditions in our explora­
tions consisted of a thin layer of topsoil, occasionally over­
lying up to 3.5 feet of fill, overlying glacial till deposits 
or glacial lacustrine sediments. 

Construction dewatering will likely be required throughout a 
majority of the design sections of the project, although the 
level of effort needed will be varied along the alignment. 
Significant inflows are expected along most of the alignment 
between station 141+80 to 184+45. Along this eastern portion 
of the alignment, we anticipate that dewatering can be accom­
plished with the use of either wells or wellpoints. Seepage is 
expected to be less severe between station 295+00 to 367+25. 
Along this western segment of the alignment, cutoff drains and 
sump pumping from within the excavation may be possible. 

It is anticipated that the soils observed in the test pits may 
be excavated in a trench configuration using conventional 
equipment such as rubber-tire backhoes or tracked hydraulic 
excavators. However, excavation may be slow and difficult 
where excavations along the same alignment extend to depths 
greater than the existing No. 2 pipeline or meander off of the 
existing alignment and extend into the unweathered glacial till 
and lacustrine soils. 
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- A movable trench shoring system (trench box) or sloped excava­
tions will most likely be used for shallow excavations in which 
fill and alluvial soils are not very deep. For deeper excava­
tions or for excavations in loose and soft fills and alluvium, 
shoring may be required. 

Based on the explorations performed along the alignment, it is 
our opinion that, in general, the natural soils expected to be 
encountered at the invert elevations will provide adequate 
foundation support. Exceptions to this may be at creek 
crossings and at select locations along the initial section of 
the alignment where soft and loose alluvium may be encountered. 

Soil from the trench excavation may be used as subsequent back­
fill provided that the moisture content of the soil is care­
fully controlled to allow proper compaction. Materials which 
will not likely be able to be reused without extensive moisture 
conditioning are the alluvial soils and the cohesive lacustrine 
sediments which had natural moisture contents which were well 
above the optimum moisture content for compaction. 

We estimate that only nominal settlements of the new pipeline 
will occur if good construction procedures are followed. Set­
tlements of the existing No. 3 and No. 4 pipelines is antici­
pated to be small for the soils observed in the explorations. 

Construction of the proposed pipeline will have some impact on 
the adjacent existing pipelines, drainage features, existing 
roads and utilities, and private properties bordering the 
alignment. Such impacts involve those created by dewatering 
and excavations. 
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3.0 PROJECT DESCRIPTION 

The proposed project consists of the replacement of sections of the 
existing City of Everett Water Supply Pipeline No. 2 which supplies 
water from Lake Chaplain (located about seven miles north of Sultan, 
Washington) to the City of Everett. The current phase of the rehabili­
tation program is for two sections of the alignment located between 
Tunnel Portal No. 4 (station 0+00) and the Panther Creek Screenhouse 
(station 385+53); from station 141+80 to 184+45 and station 295+00 to 
367+25. In addition to the No. 2 pipeline, two additional pipelines are 
located within the same easement and are used for the same purpose. The 
No. 3 pipeline is located to the north and the No. 4 pipeline is located 
to the south of the No. 2 pipeline. Figure 1 shows the alignment of the 
No. 2 pipeline at the referenced sections of the alignment. 

We understand that the existing No. 2 pipeline along the referenced sec­
tions of the alignment is a 52-inch diameter woodstave pipe that was 
constructed during the 1920's. The pipeline has required substantial 
repairs of leaks and breaks in its recent life, necessitating rehabili­
tation or replacement. Where substantial repairs have been required, 
the woodstave pipe has been replaced with welded steel pipe or repaired 
with steel plate. 

Except at one location along the study area where the pipeline is sup­
ported by a trestle structure (at a creek crossing at station 362+00), 
the pipeline is buried. The creek crossing at this location will be 
filled and a culvert placed beneath the new pipeline such that all of 
the new pipeline will be buried. According to explorations performed by 
JMM, the top of the existing pipe varies from approximately 1 to 12 feet 
below the existing ground surface (excluding the creek crossing). The 
invert of the new pipeline will be located at depths ranging from ap­
proximately 7 to 17 feet below the ground surface, generally along the 
same alignment as the existing pipe. We understand that the final 
ground surface elevation will be the same as the existing ground eleva­
tion except at the trestled creek crossing. At this location, up to 11 
feet of fill will be placed to fill in the existing creek. At the 
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present time, the replacement line is planned to be a 51-inch diameter 
steel pipe with a mortar lining and coating. Other piping materials may 
be considered in the final design. 

On each side of the No. 2 pipeline are existing 52-inch diameter steel 
pipelines. The No. 3 pipeline to the north was constructed in the late 
1930's and is generally about 20 feet from pipeline No. 2, center to 
center distance. The No. 4 pipeline to the south was constructed in the 
early 1960's and is generally spaced 20 feet from pipeline No. 2, center 
to center distance, except from station 141+80 to about station 168+00 
where the pipelines are about 25 feet apart, center to center distance. 
The invert elevations of the No. 3 and No. 4 pipelines were not known at 
the time this report was prepared. 

Existing information on the layout and profile of the No. 2 pipeline was 
obtained from a series of sheets prepared by James M. Montgomery, Con­
sulting Engineers, Inc. entitled, "City of Everett - Transmission Line 
No. 2 Rehabilitation Project". In addition, these sheets provided in­
formation on the horizontal distance between the adjacent No. 3 and No. 
4 pipelines. Information regarding the grade of the proposed pipeline 
was obtained through conversations with the staff of JMM. 

If there are changes in project design or location, the conclusions and 
recommendations presented may not be applicable. If changes are made, 
we request that we be retained to review our conclusions and recommenda­
tions and to provide a written modification or verification. 
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4.0 SITE CONDITIONS 

Site conditions along the alignment, as observed during a geological 
reconnaissance on February 1, 1988, were described in our November 1, 
1988 report in Section 3.1. This section should be referenced for 
specific observations of surface conditions. 
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5.0 FIELD EXPLORATION AND LABORATORY TESTING PROGRAMS 

Subsurface conditions were explored by excavating 15 test pits. The 
test pits were excavated to depths ranging from 10 to 15 feet below the 
existing ground surface on December 1 and 2, 1988. All of the test pits 
were excavated to the minimum IO-foot depth requirement; however, some 
of the test pits did not extend to the required depth of three feet 
below the existing pipe invert because of very hard digging in glacial 
soil deposits. We were unable to perform any explorations between sta­
tion 142+00 to 161+00 because wet, marshy ground conditions prohibited 
equipment access to this area. Approximate locations of the test pits 
are tabulated on Table 1 below. Soil samples obtained in the field were 
tested in our laboratory to aid in classifying the soils and to deter­
mine pertinent engineering properties. Details and results of the ex­
ploration program and laboratory testing are included as Appendix A and 
Appendix 8, respectively, to this report. 

Test Pit* 
Number 

TP-14 
TP-15 
TP-16 
TP-17 
TP-18 
TP-19 
TP-20 
TP-21 
TP-22 
TP-23 
TP-24 
TP-25 
TP-26 
TP-27 
TP-28 

TABLE 1 
APPROXIMATE EXPLORATION LOCATIONS 

Approximate 
Right-of-Way 

Station 

366+00 
361+50 
350+00 
341+80 
330+00 
320+00 
310+00 
307+50 
300+00 
295+00 
181+75 
175+50 
170+00 
160+00 
143+50 

Distance From 
Center of 

No. 2 Pipeline 

10 feet left 
12 feet right 
9 feet left 
9 feet left 

10 feet left 
10 feet left 
10 feet left 
10 feet right 
10 feet left 
10 feet left 
10 feet left 
12 feet left 
6 feet left 

10 feet left 
8 feet left 

*Test pits TP-1 through TP-13 were completed previously for other 
segments of the alignment 
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6.0 SUBSURFACE CONDITIONS 

Regional geology of the site and a general description of the soils 
along the alignment under consideration were described in Sections 4.1 
and 4.2 of our November 1, 1988 report. These sections should be refer­
enced for a detailed discussion. Subsurface conditions, as observed in 
the explorations performed along the alignment, are described separately 
in the paragraphs below for station 141+80 to 184+45 and from station 
295+00 to 367+25. 

6.1 Station 141+80 to 184+45 

Subsurface conditions as described along this section of the alignment 
were based on test pits TP-24 through TP-28 and generally consisted of 
topsoil over alluvium all of which was underlain by glacial till. In 
particular, about 6 to 12 inches of topsoil was observed in all of the 
test pits, except for test pit TP-26 which encountered fill soils at the 
surface. Beneath the topsoil or fill, alluvial deposits were encoun­
tered in all of the test pits except for test pit TP-25 which encoun­
tered glacial till beneath the topsoil. Alluvial deposits ranged in 
thickness from 6 feet to at least 15 feet as test pits TP-24 and TP-27 
encountered alluvium to the termination depths of 15 feet. Glacial till 
was observed at depths of 2 to 12 feet below the ground surface in test 
pits where it was encountered. 

Topsoil ranged from very soft to medium stiff silt to loose, silty sand 
with gravel, organics, and occasional roots and was very moist to wet. 
The fill which was observed in test pit TP-26 was classified as loose, 
gravelly silt with occasional roots and was wet. 

Alluvial deposits consisted of interbedded clay, silt, sandy silt, sand, 
silty sand, gravel, and gravelly sand with occasional organic material 
within the layers. The deposits were wet and ranged in consistency from 
very soft to stiff and varied in relative density from loose to dense. 
Generally, the soils graded somewhat stiffer and denser with depth. For 
the most part, the soils were very soft to medium stiff and loose to 
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medium dense. Extensive caving was noted in test pits TP-27 and TP-28 
in the alluvial deposits. Alluvium is expected to be present along a 
majority of this section of the alignment. 

Glacial till was generally classified as very dense, silty sand with 
gravel, although occasional zones of very dense sand with trace silt 
were observed. In addition, occasional cobbles were observed to 12 
inches in diameter. The silt content (percentage passing No. 200 sieve, 
U.S. standard sieve size) was about 30 to 35 percent and the moisture 
was classified as moist to very moist. The glacial till generally re­
quired slow digging and was hard to excavate, especially in the unweath­
ered material. 

Seepage was observed in the alluvial soil deposits and ranged from 
slight to heavy. Seepage was generally encountered above the glacial 
till soils or above relatively impermeable layers in the alluvial depos­
its, such as above clay layers. Seepage rates generally were higher in 
the cleaner sand and gravel soils, and were less in the more silty 
soils. Heavy seepage was observed at a depth of 14 feet in test pit 
TP-24 and at a depth of 2 feet in test pit TP-27 which resulted in sig­
nificant caving of the test pits. 

6.2 Station 295+00 to 367+25 

Subsurface conditions as described along this section of the alignment 
were based on test pits TP-14 through TP-23. The soil profile along 
this section generally consisted of a thin layer of topsoil overlying 
glacial till deposits or glacial lacustrine sediments. Topsoil was en­
countered in all of the test pits except TP-14, where glacial till was 
encountered at the surface, and in test pit TP-15 where fill was ob­
served at the surface. Beneath the topsoil was glacial till or lacus­
trine sediments which extended to the exploration termination depths of 
10 to 14 feet. The exceptions to this were in test pits TP-18 and TP-20 
where 3.5 feet of fill was encountered, and in test pit TP-21 where 8 
feet of fill or alluvium was encountered before encountering glacial 
soil deposits. 
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Topsoil appeared to be similar to the topsoil described in the previous 
section. Fill soils were generally thin except at test pits TP-15 and 
TP-21. At test pit TP-15 (at the South Fork Dubuque Creek), the fill 
was classified as medium stiff to very stiff clay with little silt, 
trace sand and gravel, and trace wood fragments underlain by medium 
dense, silty sand with trace gravel and trace organic debris. The fill 
at this location appeared to consist of reworked native, glacial la­
custrine which had been placed in this low-lying area for vehicular 
crossing and was moist to very moist. In the creek, glacial lacustrine 
soils were noted by our geologist during the field explorations. At 
test pit TP-21, the upper fill or alluvium soils were classified as 
loose, silty sand with gravel and dense, wet, sandy silt. It was not 
possible to distinguish the origin of this material at the time our 
explorations were performed. The material appeared to be either an 
alluvial deposition in a low-lying area or fill material which had been 
imported to raise the grade to serve as a vehicular crossing, and may be 
a combination of the above. The remainder of the fill which was ob­
served along the alignment was less than 3.5 feet thick and appeared to 
be similar in grain size to the native glacial till soils. 

The glacial till soils were similar in grain size and relative density 
to the glacial till described in the preceding section, however, some 
areas of the glacial till contained significantly more silt (up to 60 
percent) and were classified as hard, sandy silt with gravel. In addi­
tion, in some test pits the upper two to three feet was weathered and 
noted to be less dense. 

The glacial lacustrine sediments were generally encountered in the lower 
lying areas or on the sides of hills where the glacial till cap was thin 
and patchy. These soils ranged from cohesive glacial lacustrine soils-­
hard, moist silt, clay and sandy clay--to granular lacustrine 
soils--very dense, moist, sandy silt to silty sand, trace to little fine 
sand, and trace gravel; and dense sand with trace to little silt. The 
upper one to two feet of the lacustrine sediments were occasionally 
weathered and were less stiff and very moist. 
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In addition to the conditions observed in our explorations, we antici­
pate that shallow fills and alluvial deposits may be encountered in 
depressions and natural drainage crossings of the alignment. Alluvium 
and/or fill which was encountered at about station 307+50 may be encoun­
tered in other creek crossings, such as at about station 322+00. Occa­
sional swamp areas were observed between about stations 340+00 and 
362+00. The test pits which were performed in this area indicated shal­
low wet topsoil and weathered soils resulting from ponding water perched 
above the unweathered glacial till soils. Although not observed during 
our reconnaissance or in our explorations, published information indi­
cates a lobe of sedimentary rock (weathered siltstone) may cross the 
alignment between about stations 352+00 and 361+00. 

Slight to moderate seepage was observed in the fill soils and the weath­
ered glacial soils. This seepage was generally encountered above the 
unweathered glacial soils. 

The lines designating the interface between soil materials on the explo­
ration logs should be considered as reasonably accurate only at the 
exploration locations. Soil conditions at other locations may differ 
from conditions occurring at these areas. In addition, the transition 
between the material types may be abrupt or gradual at other locations. 

Seepage levels and rates encountered during our explorations are shown 
on the logs of the explorations. These levels and rates should only be 
considered accurate at the locations measured and at the time of meas­
urement. Groundwater fluctuations will occur and will be dependent on 
the amount of rainfall in the area. During the time of our explora­
tions, above normal rainfall had occurred for the month but was lower 
than the average year to date total. 
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7.0 DESIGN GEOTECHNICAL RECOMMENDATIONS 

It is our opinion, based on the results of our explorations and engi­
neering analyses, that the alignment is suitable for construction of the 
proposed pipeline. The pipeline may be constructed using conventional 
soil excavating equipment and trench configurations. Actual trench con­
figurations will be dependent on the location of adjacent pipelines on 
either side of the proposed pipeline, the depth of the invert below the 
ground surface, and soil and groundwater conditions. 

Some form of dewatering will be necessary along a majority of the align­
ment for successful installation of the pipeline. Significant inflows 
are expected along most of the alignment between station 141+80 to 
184+45. Seepage is expected to be less between station 295+00 to 
367+25. Based on our explorations, it is our opinion that buoyant unit 
weights should be considered in design above the unweathered glacial 
soils, where seepage was noted. 

In general, native subsoils encountered in the explorations should pro­
vide adequate support for the pipe. The exception to this may be in 
areas where thick alluvial deposits were encountered. The majority of 
the soils observed in the explorations should be suitable for reuse as 
subsequent backfill material. The exceptions to this may be where wet 
alluvial soils were encountered and where cohesive glacial lacustrine 
soils were encountered. Specific parameters and design recommendations 
for each of these items are presented in the following sections. 

7.1 Trench Excavation and Retention 

It is anticipated that the soils observed in the test pits may be exca­
vated in a trench configuration using conventional equipment such as 
rubber-tire backhoes or tracked hydraulic excavators. However, excava­
tion may be slow and difficult where excavations along the same align­
ment extend to depths greater than the existing No. 2 pipeline or me­
ander off of the existing alignment and extend into the unweathered 
glacial till and lacustrine soils. In addition, excavation is expected 
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to be slow and difficult if bedrock is encountered along the alignment 
approximately between station 352+00 and 361+00. However, based on 
geological surveys in the area, any bedrock encountered is anticipated 
to be weathered and rippable with conventional soil excavating equip­
ment. 

We recommend that the proposed replacement No. 2 pipeline be placed at 
an elevation approximately equal to the existing No. 3 and No. 4 pipe­
lines. Excavations deeper than existing pipelines increase the suscep­
tibility of damage to those pipelines during construction. Excavations 
shallower than the existing pipelines will make future repair of the 
outside lines more susceptible to causing damage of the new pipeline No. 
2. Based on information provided to us by JMM, it is anticipated that 
the depth of trench excavation for the pipeline will range from approx­
imately 7 to 17 feet. Generally, construction practice in this area on 
similar projects utilizes a movable trench shoring system ("trench 
box"), a shored excavation, a sloped excavation, or a partial shoring­
backslope (semi-confined) trench depending on depths required, and sub­
surface soil and groundwater conditions. 

Where lateral constraints allow, and proper dewatering and construction 
techniques are used, sloped excavations may be feasible. However, 
sloped excavations may not be economical for depths greater than about 
10 feet. In addition, it is our opinion that along the first part of 
the alignment (station 141+80 to 184+45) that sloped excavations will 
not be economical because of the loose relative density and soft consis­
tency of the subsurface soils and the potential for large groundwater 
inflows. 

For relatively shallow excavations (depths of 8 to 10 feet) in dense to 
very dense, unweathered glacial soils, a trench box or sloped excava­
tions will likely be most economical. For deeper excavations in dense 
to very dense soils, a semi-confined trench, or a cantilever or braced 
shoring system may be necessary. In very dense, unweathered glacial 
soils, predrilling may be required to allow adequate penetration of 
soldier piles for cantilever wall systems. 
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If significant thicknesses of loose or soft soils are expected or en­
countered, or if excavations encounter a substantial quantity of ground­
water seepage, we recommend the use of a cantilever or braced shoring 
system, or both. We anticipate that loose or soft subsoils deeper than 
about 8 to 10 feet will be encountered along a majority of the initial 
section of the alignment (station 141+80 to 184+45) and possibly at 
other select locations such as at station 307+50 and 322+00 (creek 
crossings). 

We are not aware of any major utilities that cross the alignment except 
for the drainage culvert which will cross the alignment at station 
362+00. At this location, however, the culvert is planned to be placed 
beneath the pipeline, such that special support considerations will not 
be necessary. 

The design and construction of any required temporary shoring system 
should be the responsibility of the contractor. The contractor should 
be required to submit a shoring design for review prior to construction. 
All excavations should be sloped and/or shored in accordance with the 
Occupational Safety and Health Act regulations and all applicable state 
and local requirements. In addition, it is the contractor's responsi­
bility to monitor the stability of shored and/or open cut excavations 
and take corrective measures if any deficiencies or potentially danger­
ous conditions are found. 

Based on the subsurface exploration program and laboratory test results, 
the soil engineering properties presented in Table 2 are recommended for 
evaluating temporary shoring design. Surcharge loads on excavation 
shoring systems due to sloping ground surfaces outside of the excava­
tion, construction and maintenance equipment, or stockpiled materials 
should be included in the design of the shoring system. 
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TABLE 2 
SUMMARY OF SOIL PARAMETERS FOR DESIGN OF TEMPORARY SHORING SYSTEMS 

Angle of 
Intern a 1 

Total Unit Friction Undrained Shear 
Soil Description Weight (pcf} (degrees} Strength (psf} 

Very loose to loose llO 30 0 
sand, silty sand, 
sandy silt, gravel, 
and gravelly sand 
( A 11 u vi um, F il l ) 

Medium dense silty 120 33 0 
sand with gravel, 
silty sand, sandy silt, 
and sand (Alluvium, 
Fi 11) 

Dense sand, silty 125 37 0 
sand, sandy silt with 
gravel, silty sand 
with gravel, and gravel 
(Weathered Glacial 
Till, Alluvium, Fill) 

Dense to very dense 130 37 0 
sand, sandy silt, and 
silty sand (Unweathered 
Granular Glacial Lacus-
trine Sediments) 

Dense to very dense 140 40 0 
silty sand with gravel, 
sandy silt with gravel, 
and sand (Unweathered 
Glacial Till) 

Very soft to soft llO 0 250 
clay, silt, and 
sandy clay (Alluvium, 
Fi 11) 

Medium stiff clay, ll5 0 500 
silt, and sandy clay 
( A 11 u v i um , Fil 1 ) 
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Table 2 (continued) 

Total Unit 
Soil Description Weight (pcf) 

Stiff to very stiff 120 
c 1 ay, silt, and 
sandy clay (Alluvium, 
Fill, Weathered Cohe-
sive Glacial Lacustrine 
Sediments) 

Hard clay, sandy clay, 125 
and silt (Unweathered 
Cohesive Glacial Lacus-
trine Sediments) 

pcf: pounds per cubic foot 
psf: pounds per square foot 

Angle of 
Intern a 1 
Friction 
(degrees) 

0 

0 

Buoyant unit weight= Total unit weight - 62.4 pcf 

Undrained Shear 
Strength (psf) 

1,000 

4,000 

Bends in the adjacent No. 3 and No. 4 pipelines will produce horizontal 
stresses in adjacent soils. If trench excavation for the No. 2 pipeline 
is to extend to or below existing invert elevations of the No. 3 and No. 
4 pipelines, it may be necessary to brace excavation walls at pipe bends 
to resist horizontal pipe forces. 

The "safe" slope for the excavation of all soil will depend on the fol­
lowing factors: 1) the presence and abundance of groundwater; 2) the 
type and density of the soils; 3) the depth of excavation; 4) surcharge 
loading adjacent to the excavation such as that from excavated material, 
existing structures, or construction equipment; and 5) the time of con­
struction. Construction slope values required for stability and safety 
depend on a careful evaluation of all of the abov~ factors. Because of 
the many variables involved, the actual slope values required for sta­
bility in open excavations can only be estimated prior to construction. 
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Open dewatered excavations to depths of about 20 feet below the ground 
surface in dense to very dense and very stiff to hard glacial soils are 
expected to stand at slopes of O.SH:IV (horizontal to vertical) to 
IH:IV, depending on actual dewatering and site conditions. Medium dense 
to dense and medium stiff to stiff natural soils are expected to stand 
at slopes of IH:IV to l.SH:IV. Medium dense and stiff fill soils and 
alluvial soils should be made at a l.SH:IV to 2H:1V slope or flatter. 
Even with proper dewatering, excavation slopes in silt and fine sand can 
rapidly erode if wetted (by rain or other causes) and surface sloughing 
may occur if the trench slopes become dried. Although no organic soils 
were encountered in our explorations, if such soils are encountered we 
recommend that shoring be provided. 

Consistent with conventional construction practice, actual temporary 
excavation slopes should be made the responsibility of the contractor. 
The contractor is able to observe the nature and conditions of the sub­
surface materials encountered, including groundwater, and has responsi­
bility for methods, sequence, and schedule of construction. If insta­
bility is detected, slopes should be flattened or shored. Regardless of 
the construction method used, all excavation work should be accomplished 
in compliance with applicable local, state, and federal safety codes. 

Excavations for the proposed No. 2 pipeline should be performed so that 
special backfill material beneath the invert, under the haunches, and 
above the crown of existing pipelines are not disturbed. Disturbance to 
the existing pipe backfill material could occur if the invert of the No. 
2 pipeline is placed significantly lower than the invert of either the 
No. 3 or No. 4 backfill and sloped excavations are used or a wide trench 
is excavated for the new pipeline. As a minimum, we recommend that 
excavations over existing pipelines be limited so that at least two feet 
of soil cover is maintained over all pipelines. 
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7.2 Pipe Foundation Support 

Based on the explorations performed along the alignment, it is our opin­
ion that, in general, the natural soils expected to be encountered at 
the invert elevations will provide adequate foundation support. Excep­
tions to this may be at creek crossings, as listed in the previous sec­
tion, and at select locations along the initial section of the alignment 
(station 141+80 to 184+45). In these areas, soft and loose alluvium or 
fill soils may be encountered. 

Most of the soils encountered at the pipe foundation elevations will 
contain a substantial quantity of silt and fine sand. These soils are 
generally suitable for foundation support if they are maintained in an 
undisturbed condition. However, these soils are considered moisture 
sensitive and are easily disturbed by excavation equipment, especially 
in a wet condition. Foot traffic should be minimized on the exposed 
subgrade prior to placing foundation and/or bedding material. Distur­
bance of soils at the bottom of the trench excavation will affect sup­
port of the proposed pipe. The contractor should take all necessary 
steps to protect the subgrade from becoming disturbed. 

For cohesionless soils such as silty sand, sand, and gravel, if the 
bottom of the trench is maintained in a dry condition, disturbance may 
be repaired by recompacting the subgrade, provided soils are within a 
moisture content range which permits the required compaction. It is our 
opinion that this moisture range varies from 2 points below to 2 points 
above the optimum moisture content, as determined by ASTM D-1557, for 
cohesionless soil. 

If fine-grained sandy silt and/or cohesive subgrade soils become wet or 
disturbed, they should be overexcavated to expose undisturbed soils and 
replaced with suitable imported foundation material as described below. 
It is generally not practical to stabilize these materials once they are 
disturbed. If excavation reveals soft cohesive soils, organic soils, or 
existing fill at the bottom of the trench, we recommend overexcavation 
of these soils to a depth of at least 12 inches. 
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Overexcavated foundation soil should be replaced with foundation materi­
al meeting the gradational requirements specified in Section 9-30.7(2)A, 
foundation material class A, of the 1988 Washington State Department of 
Transportation and American Public Works Association (WSDOT/APWA) Stan­
dard Specifications and brought up to the bedding grade. This material 
should be placed in maximum eight-inch lifts and compacted to at least 
90 percent of the maximum dry density as determined by ASTM D-1557. 
Bedding material, which should be placed as described below, should not 
be considered as providing adequate support if the underlying soils have 
been disturbed. Thus, the trench bottom should be evaluated prior to 
placing the required bedding material to determine its suitability of 
support. As an alternative to using foundation material class A, im­
ported quarry spalls (from four to six inches in diameter) may be used 
as backfill in areas requiring overexcavation. 

7.3 Pipe Bedding 

We recommend that the pipe be bedded with imported granular material 
meeting the gradational requirements of "Bedding Material for Flexible 
Pipe" as specified in Section 9-30.7(1)8 of the 1988 WSDOT/APWA Standard 
Specifications. Bedding should extend at least 6 inches below the bot­
tom of the pipe, and should extend up the pipe to the 120 degree arc of 
the pipe (a distance equal to 0.25 times the outside diameter above the 
bottom of the pipe), as shown in Figure 2. 

Initial backfill should extend from the bedding up to at least 12 inches 
over the top of the pipe. Initial backfill material should meet the 
gradational requirements provided above for bedding material and be 
brought up evenly around the pipe. The initial backfill should be 
placed in maximum lift thicknesses of six inches and carefully worked 
under the pipe by means of slicing with a shovel, vibration, or other 
approved procedure. 
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7.4 Backfill and Compaction Requirements 

Subsequent backfill {placed over initial backfill) under paved areas 
should conform to the gradational requirements of Section 9-03.14, grav­
el borrow, of the 1988 WSDOT/APWA Standard Specifications except that 
the maximum particle size may be increased to 2 inches. In all remain­
ing areas, soil from the trench excavation may be used as subsequent 
backfill provided that the moisture content of the soil is carefully 
controlled to allow proper compaction. The majority of the soils en­
countered in the test pits contained a significant percentage of silt 
and are considered moisture sensitive. These soils are expected to be 
difficult to compact should they remain wet or become wet due to rain or 
careless surface water control during construction. Organic materials, 
such as peat, topsoil, organic silt, wood and other deleterious material 
should not be used as subsequent backfill. We anticipate that most of 
the soils excavated from the trench along the western segment of the 
alignment (station 295+00 to 367+50) will be suitable for reuse as sub­
sequent backfill. Exceptions to this may be at creek crossings, and 
when cohesive glacial lacustrine sediments are encountered. 

As shown on Figure B-4, in Appendix B, the natural moisture content for 
the glacial till sample was approximately three percent above the opti­
mum moisture content for compaction. The range of natural moisture 
contents for all of the glacial till samples was about 1 to 8 percent 
above the optimum moisture content for the sample on Figure B-4. It is 
our opinion, that this material can be compacted at the natural moisture 
contents for the relative compaction required. Some drying of the mate­
rial may be necessary, however. In addition, if the material becomes 
wet it will be difficult to place and compact to the required relative 
densities. 

As shown on Figure B-5, the natural moisture content for the cohesive 
glacial lacustrine sample was approximately 14 percent above the optimum 
moisture content for compaction. The range of natural moisture contents 
for all of the cohesive lacustrine samples was 9 to 25 percent above the 
optimum moisture content for the sample on Figure B-5. This material 
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will not likely meet the required relative compaction at its natural 
moisture content and drying will be required. However, because this 
material is fine-grained, disking and drying for extended periods may be 
required which may make this material impractical for reuse. 

Along the eastern segment of the alignment, the alluvial soils were 
classified as wet and had natural moisture contents which were well 
above the optimum moisture content as shown in Figure 8-6. The natural 
moisture contents ranged from approximately 7 to 25 percent above the 
optimum moisture content for the silty sand and sand soils. These soils 
will require spreading and drying to lower the moisture contents into a 
range suitable for compaction. Although these soils are above the opti­
mum moisture content, they can be moisture conditioned if work is per­
formed during dry weather months and there is room available for spread­
ing and drying. We recommend that the occasional layers of clay and 
silt which were encountered within the alluvial deposits not be used as 
subsequent backfill. 

If soils excavated from the trench are found to be unsuitable for back­
filling, then gravel borrow, as specified above, should be used. Re­
gardless of the type of backfill used, the first lift should not be com­
pacted until the backfill has been placed a distance of one foot above 
the crown of the pipe. 

All foundation material, bedding material, and initial backfill material 
should be compacted to 90 percent of the maximum dry density as deter­
mined by ASTM 0-1557. Subsequent backfill should be compacted to 90 
percent of the maximum dry density except in paved areas where the upper 
two feet should be compacted to 95 percent of the ASTM 0-1557 maximum 
dry density. 

7.5 Loads on Buried Pipe 

Based on the explorations performed for this project and our experience 
with similar projects, the modulus of lateral soil reaction (E') values 
presented in Table 3 are recommended for design of the pipeline if the 
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pipe material selected is considered flexible. In order for trench 
backfill material to control the design of the pipe, we estimate that 
backfill material must extend beyond the edge of the pipe approximately 
one pipe diameter. For trenches which are narrower, the existing soil 
conditions will control pipe deflection. 

TABLE 3 
RECOMMENDED MODULUS OF LATERAL SOIL REACTION (E') VALUES 

Major Soil Type Density or Consistency Estimated E', psi 

Silty Sand, Sandy Loose 400 
Silt, and Sand 

Silty Sand, Sandy Medium Dense, Dense 600 
Silt, and Sand 

Sand, Sand and Gravel, Loose 700 
Sandy Gravel 

Silty Sand, Sandy Very Dense 1,000 
Silt, and Sand 

Sand, Sand and Gravel, Medium Dense, Dense 1,000 
Sandy Gravel 

Sand, Sand and Gravel, Very Dense 1,500 
Sandy Gravel 

Clay, Silt, and Very Soft, Soft 200 
Sandy Clay 

Clay, Silt, and Medium Stiff, Stiff 300 
Sandy Clay 

Clay, Silt, and Very Stiff, Hard 500 
Sandy Clay 

psi = pounds per square inch 

The soil load that will be imposed on a vertical pipe will depend on the 
subsurface conditions, the height of the backfill above the pipe, the 
method of installation, the relative rigidity of the pipe, and the 
trench conditions. Figure 3 presents backfill loads on a SI-inch inside 
diameter flexible pipe assuming a semi-confined trench width of 100 
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inches. This trench width was determined by selecting the approximate 
maximum width permissible in accordance with Section 7-10.3(7) of the 
1988 WSDOT/APWA Standard Specifications. 

Consideration should also be given to the effect of traffic loadings on 
pipes for that portion of the alignment within traffic areas. Figure 4 
presents the pressure on buried pipes from a H-20 AASHTO truck loading. 
This pressure should be added to the backfill pressure under road 
crossings. Stockpiled soil and equipment material and traffic loads 
should be minimized over existing pipelines so additional loads will not 
be induced on the existing pipes. 

7.6 Riser Structures 

Foundation soils for manholes should be analyzed, as described under the 
section of this report entitled, "Pipe Foundation Support" to determine 
their suitability to provide support and be overexcavated and replaced 
as appropriate. Manholes should be underlain by a minimum of six inches 
of material meeting the gradational requirements of Section 9-30.?(l)B 
to act as a bedding material and to protect foundation soils. 

We recommend that backfill adjacent to manholes and riser structures 
meet the gradational requirements specified under the "Backfill and Com­
paction Requirements" section of this report for paved and unpaved 
areas, respectively. Compaction of backfill around riser structures 
should conform to the recommendations presented in that section. Back­
fill placed against riser structures should be brought up evenly around 
the structures so that unbalanced earth pressures do not develop. 

Riser structures should be designed to withstand lateral earth pressures 
as would be exerted by a fluid having an equivalent density of 55 pounds 
per cubic foot (pcf) above the groundwater level. Below the groundwater 
level (in buoyant weight areas), riser structures should be designed to 
withstand lateral earth pressures in combination with a hydrostatic 
head, as exerted by a fluid with an equivalent density of 95 pcf. 
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Uplift should be evaluated on actual manhole dimensions to determine if 
there is a potential for buoyancy with high groundwater levels. Uplift 
may be resisted by increasing the weight of the manhole or providing the 
base of the manhole with an exterior flange so that the overlying soils 
resist uplift. Uplift should only be evaluated where the base of the 
manhole will not penetrate the relatively impermeable glacial soils. 

7.7 Settlements 

We understand that final ground elevations will be near the existing 
ground elevations along a majority of the alignment. Calculation of the 
volumes and weights of materials removed and replaced during installa­
tion of the proposed pipe and any manholes indicates that there should 
be very little, if any, net increase in stresses transmitted to the 
soils provided ground elevations are not raised. Therefore, it is 
anticipated that only nominal settlement of the pipe should occur due to 
installation provided foundation soils are not disturbed. It is our 
understanding that the only place where the ground surface elevation 
will be significantly changed is at station 362+00 where over 11 feet of 
fill will be placed in a creek crossing. During our explorations, we 
noted glacial lacustrine soils exposed in this crossing. Thus we antic­
ipate only nominal settlements due to raising the grade in this area. 

We recommend that stockpiles of excavated soil be kept off of newly in­
stalled pipes. As a general rule, the stockpile should be as far from 
the pipeline (laterally) as the base width of the stockpile. In addi­
tion, stockpiles should not be placed on top of the existing pipelines 
so as to induce additional settlement of the foundation soils below 
these pipes. 

7.8 Thrust Restraint 

The lateral thrust that develops from liquid flowing through bends in 
the pipeline must be absorbed by the soil. Resistance to lateral thrust 
for a pipe with restrained joints will develop by longitudinal fric­
tional resistance acting between the pipe and the trench backfill soils, 
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and by passive soil resistance. To evaluate the longitudinal thrust 
force resistance that will develop along pipe, we recommend that a soil 
to pipe friction angle of 22 degrees be used for mortar-coated pipe and 
18 degrees be used for steel pipe. These friction angles are based on 
imported granular bedding and backfill around the pipe as specified pre­
viously in this report. Passive pressures at pipe bend locations or 
thrust blocks should be based on an equivalent fluid density of 200 pcf 
above the groundwater level and 110 pcf below the groundwater level. 

7.9 Construction Dewatering 

Construction dewatering will likely be required throughout a majority of 
the design sections of the project, although the level of effort needed 
will be varied along the alignment. Along the eastern segment of the 
alignment (station 141+80 to 184+45), seepage was observed in four of 
the five test pits performed. This seepage varied from slight to moder­
ate to heavy and was generally observed to be perched on the unweathered 
glacial till soils, although in two of the test pits alluvium was en­
countered for the entire depth (15 feet) with associated water inflows. 
Along the western segment of the alignment (station 295+00 to 367+25) 
seepage was observed in five of the ten test pits completed. Seepage 
ranged from slight to moderate along this section and was generally 
shallow and perched on the relatively unweathered glacial till and 
glacial lacustrine soils. 

Dewatering of shallow perched water is usually effectively performed by 
installation of cutoff drains or trenches upslope of the pipe trench 
excavation. Cutoff drains should extend through the seepage zone and 
into the relatively impermeable glacial till deposits or to the depth of 
the proposed pipe trench excavation, whichever is deeper. Cutoff 
trenches should be constructed on the outside of the upslope outer 
pipeline, if space permits. For the portion of the alignment on side 
hill cuts, it may be possible to use the outer pipe backfill as a cutoff 
drain, provided that the existing bedding and backfill for the upslope 
outside pipeline is free-draining. For this case, wells could be in­
stalled that penetrate through the existing backfill and bedding. If 
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construction is performed in drier summer months, where excavations 
encounter only light seepage, or where seepage occurs over a thin 
section of the trench, it may be possible to sump pump water from the 
excavated pipe trench. 

Along the eastern segment of the alignment, station 141+80 to 184+45, 
excavations are expected to encounter deep alluvial deposits. We antic­
ipate that dewatering can be accomplished with the use of either wells 
or wellpoints, the latter used for shallower excavations. 

Excavation for the existing waterline originally intercepted the inter­
face between the relatively impermeable unweathered glacial soils and 
the overlying soils along a majority of the alignment. We anticipate 
that the existing pipe trench will act as a conduit, conveying water to 
the trench as it is excavated. This condition will be more pronounced 
when the new pipeline is bedded with free-draining granular soils. 
These expected flows may be reduced by installing wells or deep sump 
pumps in the existing and future trench bedding and backfill upslope of 
excavations. 

Where the alignment is located on steep slopes, such as between stations 
178+00 to 180+00, 307+00 to 312+00, and 360+00 to 361+00, we recommend 
that trench cutoff walls be installed to intercept flow through the pipe 
bedding and initial backfill and reduce velocities which could lead to 
scouring of this material or the subgrade soils. Trench cutoff walls 
should consist of cast-in-place concrete collars which replace bedding 
and initial backfill material. Trench cutoff walls should be located on 
maximum center spacings of 40 feet. Lean-mix concrete may be used to 
form the collars. A perforated drain pipe should extend along the 
length of the alignment in these sections to carry groundwater volumes. 
The pipe should be at least four inches in diameter and placed on top of 
the bedding material on each side of the proposed pipe. At the base of 
the slopes, the pipes should be connected to laterals which drain into 
roadside ditches or existing ravines. 
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8.0 GEOTECHNICAL IMPACTS 

Construction of the proposed pipeline will have some impact on the adja­
cent existing pipelines, drainage features, existing roads and utili­
ties, and private properties bordering the alignment. Such impacts 
involve those created by dewatering and excavations. Comments and 
recommendations concerning these impacts are provided below. 

In general, where right-of-way embankments cross ravines or creeks, 
culverts should be sized to adequately convey flood-condition flows 
without washing out fills and/or exposing the pipe. In addition, we did 
not observe any signs of major slope instability along the alignment in 
the study area. We conclude that long-term static slope stability will 
not be a problem for this project. Regarding construction, it is our 
opinion that access along the alignment will be difficult from station 
142+00 to 161+00. During our explorations, we were unable to mobilize a 
Case 580E backhoe to this area because of wet, swampy ground surface 
conditions. Based on visual reconnaissance of this area, we anticipate 
that fine-grained alluvium will be encountered. In addition, ground­
water is expected near the existing ground surface. In order to mobil­
ize equipment in this area, the contractor may have to place plywood or 
timber mats to act as a working platform. Heavier equipment may need a 
working mat consisting of a reinforcement geotextile and a gravel fill. 
Backfill material excavated from the trench is anticipated to be fine­
grained and wet and will not likely be suitable for reuse as fill. Im­
ported backfill material should be expected along this section. 

8.1 Dewatering 

It is anticipated that water pumped from dewatering wells or from open 
sumps in the excavation may be discharged into surface streams and 
drainage features. When pumping from properly installed wells, the silt 
content of the water being discharged should be insignificant. However, 
when pumping from open sumps it may be necessary to filter the water to 
remove silt prior to discharging the water off-site. 

Converse Consultants NW 



-29-

Settlement may result from dewatering due to an increase in effective 
stress in the soil with a decrease in pore water pressures. Along the 
proposed alignment we anticipate that this may be a concern over the 
eastern segment of the alignment in areas where deep alluvial soils 
extend below the invert of the proposed existing pipelines No. 3 and No. 
4 and the proposed No. 2 pipeline. Where shallow fill or alluvial soils 
are encountered dewatering should not effect the pipelines. Even in 
areas with deep alluvial soils, dewatering subsidence is expected to be 
relatively minor as most of the soils were coarse-grained. If signifi­
cant thicknesses of clay, peat or silt are found within the alluvial 
soils, dewatering subsidence could affect the performance of the exist­
ing pipes. 

Dewatering is not expected to affect the proposed pipeline as long as 
the contractor employs good construction techniques, such as drawing 
down the groundwater level well in advance of laying the pipe and main­
taining the drawdown condition until the backfill has been properly 
placed and compacted. The majority of any settlement should occur prior 
to placing the pipe. We know of no structures or other features that 
would be affected by dewatering along this part of the alignment. 

Possible solutions to reduce settlements of existing 
(should dewatering settlements become a concern) include: 

improvements 
designing the 

pipeline for shallow depths, thus reducing the extent of dewatering; 
using a tight sheetpile shoring system that allows dewatering from 
within the trench only; or using smaller diameter closely spaced wells 
to reduce the cone of influence of dewatering. 

8.2 Excavations 

In order to provide adequate support to roadway and utility crossings, 
shoring should be used. Preliminary discussions of the types of shoring 
that may be appropriate are presented in a previous section of this 
report, "Trench Excavation and Retention". With properly designed and 
installed shoring systems, movement of adjacent improvements may be con­
trolled to within tolerable limits. Removal of passive resistance at 
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bends in the existing No. 3 and No. 4 pipelines by excavation for the 
new pipeline may cause horizontal movements in the existing pipelines. 
Braced excavations may be necessary to prevent horizontal movements at 
pipe bends, as discussed in the "Trench Excavation and Retention" 
section of this report. 

8.3 Seismicity and Liquefaction 

The project lies within a seismically active area of the Pacific North­
west classified within Seismic Zone 3 by the Uniform Building Code, 
which is described as a zone of major risk potential in conjunction with 
earthquakes having intensities of VIII or higher on the Modified Mer­
calli Intensity (MM) Scale. Several earthquakes in recent historic 
times have occurred in the Pacific Northwest with MM intensity greater 
than or equal to VIII. During one such earthquake, the 1965 Seattle­
Tacoma earthquake of MM intensity VIII (Richter Magnitude 6.5), centered 
near Federal Way, Washington, breaks occurred in two of the City of 
Everett water supply pipelines at the Ebey Slough crossing (U.S. Geolog­
ical Survey, 1975). 

Liquefaction can occur in loose, saturated sand and silty sand deposits 
due to earthquake ground motions causing a sudden buildup of pore water 
pressures and a subsequent loss of effective stress. The consequences of 
a liquefaction occurrence are loss of soil strength and settlements 
which could cause cracks to develop or separation of the pipe at joints. 

Generally, the most susceptible material to liquefaction is clean, fine 
to medium sand. Larger grain size material, such as gravel, will have 
higher permeabilities and thus will be able to dissipate cyclic induced 
pore water pressures faster. Silty materials are inherently more stable 
against liquefaction, and clayey soils are generally regarded as non­
liquefiable. Along the alignment, soils which have the potential to 
liquefy were noted in the alluvial deposits from station 141+80 to 
184+45. The alluvial soils were noted to be loose and saturated in this 
section. However, consistent with alluvial deposition, the material was 
variable and ranged from clay to silt to sand and gravel, with layering 
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evident. Generally, layers of loose sand or silty sand (the most sus­
ceptible material) were thin and it is our experience that layers are 
not continuous in alluvial deposits with interfingering of soils between 
layers. In our opinion, a liquefaction occurrence would only result in 
localized ground settlement and loss of pipe support. 

Alluvial deposits were noted to extend below the proposed pipeline in­
vert in only about one-half of the test pits in this area. For the 
areas where the pipeline extends into the underlying glacial soils, the 
consequences of liquefaction in the overlying soils would not effect the 
performance of the pipe. 
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9.0 DOCUMENT REVIEW AND CONSTRUCTION OBSERVATIONS 

We recommend that we be retained to review those portions of the plans 
and specifications that pertain to foundations and earthwork to 
determine whether they are consistent with the recommendations in this 
report. 

We recommend that monitoring, testing, and consultation be provided by 
our firm during construction to confirm that the conditions encountered 
are consistent with those indicated by our explorations, to provide 
expedient recommendations should conditions be revealed during construc­
tion which differ from those anticipated, and to evaluate whether earth­
work activities comply with contract plans and specifications. Such 
activities would include subgrade preparation for pipe foundations, fill 
placement and compaction, and other geotechnical related earthwork 
activities. 
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10.0 USE OF THIS REPORT 

This report was prepared for the exclusive use of the owner and engineer 
for specific application to the design of the project at this site as it 
relates to the geotechnical aspects discussed herein. The data and 
report should be provided to prospective contractors for their informa­
tion, but our report, conclusions and interpretations should not be con­
strued as a warranty of subsurface conditions included in this report. 

Within the limitations of scope, schedule and budget, the analyses, con­
clusions, and recommendations presented in this report were prepared in 
accordance wi-th generally accepted professional geotechnical engineering 
principles and practice in this area at the time this report was pre­
pared. We make no other warranty, either express or implied. These 
conclusions and recommendations were based on our understanding of the 
project as described in this report and the site conditions as observed 
at the time of our explorations. 

If there is a substantial lapse of time between the submittal of this 
report and the start of construction at the site, or if conditions have 
changed due to natural causes or construction operations at or adjacent 
to the site, or appear to be different from those described in our re­
port, we recommend that we review our report to determine the applica­
bility of the conclusions and recommendations considering the changed 
conditions and time lapse. 
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We appreciate the opportunity to be of continued service on this proj­
ect, and look forward to continued involvement. If you have any ques­
tions, or require additional services, please do not hesitate to contact 
us. 

CONVERSE CONSULTANTS NW 

~CZ.-~~ 
Gre '-R~:----. .£--1 scher 
G otec nical Engin r 

Dean E. Ryden 
Principal Engineer 

GRF6/DER/kpp 
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1.) For traffic loads multiply curve value by pipe O.D. in feet. 

2.) Curve is corrected for following values: 

Depth in feet Impact factor 

2 

3 

30% 

20% 

10% 

4 or more 0% 

3.) Backfil I loads must be added to traffic load. 

TRAFFIC LOADS ON PIPES 
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APPENDIX A 

FIELD EXPLORATION PROGRAM 

Subsurface conditions for this project were explored by excavating 15 
test pits at the approximate locations shown on the Site and Exploration 
Plan, Figure 1 and are summarized in Table 1 in this report. The explo­
rations were performed on December 1 and 2, 1988 and advanced to depths 
ranging from 10 to 15 feet below the existing ground surface. The re­
sults of our exploration program are presented on the exploration logs 
at the end of this appendix on Figures A-1 through A-15. 

The explorations were located in the field by hand taping and pacing 
relative to the existing right-of-way stationing monuments. The loca­
tion of the explorations are referenced parallel to the alignment by the 
stationing and perpendicular to the alignment by the distance from the 
center of pipeline No. 2, as described on the individual logs. The 
approximate ground surface elevations at the exploration locations, as 
presented on the exploration logs, were interpolated from the plan and 
profile sheets prepared by JMM. The location and elevation of the ex­
plorations should be considered accurate to the degree implied by the 
method used. 

The test pits were excavated with a Case 580E rubber-tire backhoe. Test 
pits allow direct visual observation of the subsurface soils on the 
sides of an excavated trench. Representative samples of soil types en­
countered were placed in plastic bags, sealed, and transported to our 
laboratory for further classification and testing. The relative density 
and consistency of the soils were estimated by our field geologist. 

Converse Consultants NW 



A-2 

A geologist from our firm was present throughout the field work program 
to observe the explorations, assist in sampling, and to prepare descrip­
tive logs of the explorations. Soils were classified in general accor­
dance with ASTM 0-2488, "Standard Recommended Practice for Description 
of Soils (Visual-Manual Procedure)". The final exploration logs repre­
sent our interpretation of the contents of the field logs and the re­
sults of laboratory testing. 

Converse Consultants NW 
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LOG OF TEST PIT NO. TP-14 

Location: Sta. 366+00, 10' L. of£ No. 2 Pipeline 

Surface Conditions: flat 

Elevation: 

QJ ~ 
~ .µ QJ 

::s !:: r-
.µ Q) 0.. 
U) +-' E 
·;; !:: rtl 

~o V1 
u 

r-

DESCRIPTION 0 
..0 
E 
>, 

V1 

GLACIAL TI LL 
SM SILTY SAND WITH GRAVEL; yellow-brown, fine to 

medium sand, little gravel, trace cobbles, 
(weathered); dense, moist 

grades to gray-brown and unweathered, becomes 
very dense 

10 1 SM 

Bottom of test pit at depth 12.0 feet 
Completed and backfilled on 12/1/88 
No groundwater encountered 
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LOG OF TEST PIT NO. TP-15 

Location: Sta. 361+50, 12' R. of£ No. 2 Pipeline Elevation: approx. 465 

Surface Conditions: edge of creek, slight slope, grassy 

C]J ~ s.. ...., 
::::IC t C]J .,... ...., 
0 C 
:Ea u 

C]J 
,--
0. 
E ,,, 

V) 

1 

,-
0 DESCRIPTION .0 
E 
>, 

V) 

FILL 
CL CLAY; brown, little silt, trace sand and gravel, 

trace wood fragments, medium plasticity; medium 
stiff to very stiff, moist 

,_,_ 

2 SM SILTY SAND; gray-green, fine sand, thinly bedded 
with clay, little silt, trace organic debris, 
trace gravel; medium dense, very moist 

3 LACUSTRINE SEDIMENTS 
MH SILT; gray-brown mottled, some clay, silt, trace 

fine sand, trace gravel, laminated, highly plastic; 
hard, moist 

grades to very hard 

Bottom of test pit at depth 14.0 feet 
Completed and backfilled on 12/1/88 
Slight seepage at depth 7.0 feet 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
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trench walls 
stand vertical. 

digs harder 
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LOG OF TEST PIT NO. TP-16 

Location: Sta. 350+00, 9' L. of£ No. 2 Pipeline 

Surface Conditions: flat, grassy 

Elevation: approx. 512 

(IJ ~ 
s... +,) Cl) ,--
::, !:: ,-- 0 

+,) Cl) 0. ..c 
t/l +,) E E 

·:; !:: rel >, 
::!e: 0 

t/1 t/1 

u 

DESCRIPTION 

TOPSOIL 
SILTY SAND WITH GRAVEL; dark brown, fine to medium 
«-and littlP aravel tr;iri:i rnnt.«-: lno«-P vPrv mni«-· 
GLACIAL TILL 
SANDY SILT WITH GRAVEL; yellow-brown, little sand 
and gravel, trace clay, weathered; very dense, 
very moist 
SANDY SILT WITH GRAVEL; gray-brown, little gravel, 
trace clay, scattered cobbles to 12-inch dia., 
weathered, medium plasticity, locally fissured, 
fractures iron stained; very dense, moist 

__:____9!ades to unweathered _________ _ 

SILTY SAND WITH GRAVEL; gray-brown, fine to medium, 
sand, little gravel, trace clay, scattered cobbles 
to 8-inch dia.; very dense, moist 

Bottom of test pit at depth 11.0 feet 
Completed and backfilled on 12/1/88 
No groundwater encountered 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 

for James M. Montgomery, Consulting Engineers 
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LOG OF TEST PIT NO. TP-17 

Location: Sta. 341+80, 9' L. of£ No. 2 Pipeline Elevation: approx. 498 
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Surface Conditions: flat, grassy, with surface water 
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"' SM 

DESCRIPTION 

TOPSOIL 
SILTY SAND WITH GRAVEL; dark brown, fine to medium 
sand, little gravel. trace roots; JooSJ:4..,...Yery moist 
SILTY SAND WITH GRAVEL; dark brown, fine to medium 
sand, little gravel, trace roots, thinly bedded 
with c:;anrl at. ? '-3' · rlPnc::P wot 

GLACIAL TILL 
ML; SANDY SILT W/ GRAVEL TO SILTY SAND W/GRAVEL; 

1 S~ gray-brown mottled rust, little clay, little 
gravel, thinly laminated with sand, medium 
plasticity; very dense, very moist 

-

2 SM 

- grades with scattered cobbles to 12" dia. 
-- ---- -- -- -- - -- ---
SILTY SAND W/GRAVEL; gray, fine to medium, little 
oravel. trace cobbles: dense. wet 

3 LACUSTRINE SEDIMENTS/GLACIAL TILL 
CH SANDY CLAY; gray, some sand, some silt, very thinl) 

bedded with fine to medium sand, with trace gravel, 
high plasticity; very stiff to hard, very moist 

Bottom of test pit at depth 12.0 feet 
Completed and backfilled on 12/1/88 
Seepage encountered from depth 2' to 3'; inflow 
approximately 2 gallons per minute 
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LOG OF TEST PIT NO. TP-18 

Location: Sta. 330+00, 10' L. of£ No. 2 Pipeline Elevation: approx. 478 

Surface Conditions: edge of creek, slight slope, grassy 

ClJ ~ 
s... +-> 
::, s:::: 
.µ (lJ 
l/l +-> 
·:; s:::: 
~o u 

(lJ ...... 
...... 0 DESCRIPTION REMARKS Cl. ..Cl 
E E 
rO >, 

U') U') 

TOPSOIL 
SM SILTY SAND W/GRAVEL; dark brown, fine to medium digs easy 

sand. little qravel. trace roots: loose. verv moisi 
FILL digs very easy 

1 SM SILTY SAND W/GRAVEL; fine to medium sand, little 

2 

gravel, trace organics; medium dense, very moist. 

GLACIAL TILL 
SM SILTY SAND W/GRAVEL; gray-brown, fine to medium 

sand, little gravel, trace to scattered cobbles 
to 611 dia.; very dense, moist 

Bottom of test pit at depth 12.0 feet 
completed and backfilled on 12/1/88 
Slight seepage at depth 4'; approximately 
0.5 gallons per minute 
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LOG OF TEST PIT NO. TP-19 

Location: Sta. 320+00, 10' L. of£ No. 2 Pipeline Elevation: approx. 485 

Surface Conditions: flat, grassy 

(l) ~ 
s.. .µ 
::::::l C 
.µ (l) 
Vl .µ 
·as::: 
:E: 0 u 

37 

10 

9 

(l) ....-
....- 0 DES CR I PT ION a. .0 
E E 
n:, >, 

V) V) 

TOPSOIL 

1 \sM·--+--s I_L_T_v_s...,,A'--N_D _w_/-'-G-RA_v_E_L_; _d_a_rk__,_b_ro_w_n_, _f,_i_n_e...,,t ___ o_me_d_i_um_,_ \_ little gravel, trace roots; loose, very moist 
GLACIAL TILL 
SILTY SAND W/GRAVEL; brown, fine to medium sand, 
gravel, trace cobbles; medium dense, moist 

,_ ...... __:__9Tades to unweathered _________ _ 

SM SILTY SAND W/GRAVEL; gray-brown, fine to medium, 
2 little gravel; very dense, moist 

- ---------- -- ------
SM SILTY SAND W/GRAVEL; gray, fine to coarse, little 

3 to some silt, little gravel; very dense, moist 

Bottom of test pit at depth 10.0 feet 
Completed and backfilled on 12/1/88 
No groundwater encountered 
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LOG OF TEST PIT NO. TP-20 

Location: Sta. 310+00, 10' L. of£ No. 2 Pipeline 

Surface Conditions: approximate 3:1 slope, grassy 

Elevation: approx. 465 
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::E 0 u 

21 
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23 
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0 DESCRIPTION ..0 
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TOPSOIL 
SM SILTY SAND W/GRAVEL; dark brown, fine to medium 

sand. little aravel. trace roots; loose. verv mois· 

REMARKS 

FILL trench walls 
1 SM SILTY SAND W/GRAVEL; gray-brown, mottled rust, stand vertical 

fine to medium sand, little gravel, trace roots; 
medium dense, moist 

GLACIAL TILL digs hard 
SM SILTY SAND W/GRAVEL; gray-brown, fine to medium 

2 sand, little gravel, scattered cobbles to 4" dia.; 
dense, moist 

LACUSTRINE SEDIMENTS 
CH SANDY CLAY; gray-brown, mottled rust, little fine 

sand, some silt, laminated with sand and silt, 
high plasticity; hard, moist 

3 - grades to gray green, micaceous 

->--- ---- -- -- -- -- -- --

ML SANDY SILT; gray-green, fine sand, trace clay, 
laminated; very dense, moist 

Bottom of test pit at depth 14.0 feet 
Completed and backfilled on 12/1/88 
No groundwater encountered 
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for James M. Montgomery, Consulting Engineers 
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Figure No.· 
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LOG OF TEST PIT NO. TP-21 

Location: Sta. 307+50, 10' R. oft No. 2 Pipeline Elevation: approx. 425 

Surface Conditions: edge of creek, vegetated with swamp grass, wet 

+.i OJ~ 
..c OJ ~· +.i OJ :::::5 .µ 
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Ul OJ 
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SM 

SM 

DESCRIPTION 

TOPSOIL -
SILTY SAND W/GRAVEL; dark brown, fine to medium 
sand, little gravel, trace roots; loose, very mois 
FILL/ALLUVIUM 
SILTY SAND W/GRAVEL; gray-brown mottled rust, 
fine to medium sand, little gravel, trace roots; 
loose, moist 

- grades to laminated with sandy silt 

,_ .... -- -- -- -- -- -- -- -- --
ML SANDY SILT W/GRAVEL; gray-green, fine to medium sard, 

laminated silt and clay; dense, wet. 

GLACIAL TILL 
2 SM SILTY SAND W/GRAVEL; gray-green, fine to medium 

sand, little gravel, trace clay, thinly laminated 
with sand and clay layers; dense, very moist 

Bottom of test pit at depth 11.0 feet 
Completed and backfilled on 12/1/88 
Seepage encountered from depth 2' to 5'; inflow 
approximately 2 gallons per minute 
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LOG OF TEST PIT NO. TP-22 

Location: Sta. 300+00, 10' L. of_£ No. 2 Pipeline Elevation: approx. 435 

Surface Conditions: flat, grassy, wet 
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DESCRIPTION REMARKS 

TOPSOIL 
SILTY SAND W/GRAVEL; dark brown, fine to medium 
sand, 1 ittle gravel, trace roots; loose, very mois1 digs easy 
LACUSTRINE SEDIMENTS 
SILT; gray-brown mottled rust, some to little clay 
trace sand and gravel, weathered; very stiff, 
very moist trench walls 

stand vertical 
- grades to unweathered 

_,__ ------ -- --
SM SILTY SAND; brown mottled rust, laminated with cla1 ·-and sand; very dense, moist 

---- -- -- -- -- -- -- -- -
2 SP SAND; brown, fine to medium, trace silt, thinly 

bedded; very dense, moist 

Bottom of test pit at depth 13.0 feet 
completed and backfilled on 12/1/88 
Seepage at depth 2'; inflow approximately 
2 gallons per minute 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 
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LOG OF TEST PIT NO. TP-23 

Location: Sta. 295+00, 10' L. of£ No. 2 Pipeline Elevation: 

Surface Conditions: slight slope, grassy wet; change from 

21 1 

SM 

MH 

SP1 

sr 

---1,.._ ~,.. --.L...,1 .... .::-- .... -1,. --- -,1 ,,...-1,,..,. "rlA l"lr-

DESCRIPTION 

TOPSOIL 
SILTY SAND W/GRAVEL; dark brown, fine to medium 
sand, little gravel, trace roots; loose, very mois 
LACUSTRINE SEDIMENTS 
SILT; gray-brown mottled rust, some to 
trace sand and gravel, bedded with 2' 
till, weathered; stiff, moist 
-- -- --- ---
SAND; gray, fine to coarse, little to 
dense, moist 

Bottom of test pit at depth 13.0 feet 
Completed and backfilled on 12/1/88 
No groundwater encountered 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 

little clay 
layers of 

----
trace silt; 

for James M. Montgomery, Consulting Engineers 
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digs easy 

trench walls 
stand vertical 
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.µ 
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.µ Q) 

0.. <+-
Q) s:: 
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LOG OF TEST PIT NO. TP-24 

Location: Sta. 181+75, 10' L. of£ No. 2 Pipeline Elevation: approx. 450 

Surface Conditions: slight slope, grassy, pasture 

Q) ~ 
s.. .µ 
::, s:: 
t Q) 
..... .µ 
0 s:: 

:E: 0 u 

Q) r-

DESCRIPTION REMARKS r- 0 
0.. ..0 
E E .,, >, 
(/) (/) 

TOPSOIL 
SILTY SAND W/GRAVEL; dark brown, fine to medium 
sand, little gravel, trace roots; loose, very mois1 digs easy 

SM 

1 

RECENT ALLUVIUM 
SILTY SAND; brown, fine to medium sand, thinly 
bedded to laminated with sand and scattered lami­
nations of silt; loose to medium dense, wet 

-- --- --- -- -- -- -- -
2 CL CLAY; brown, trace organics, med. plasticity; 

- ~y--S.O.f~t___ -- -- -- -- - -
3 GW SAND & GRAVEL; gray-brown, fine to coarse sand; 
,_ ...J..o.os.e..,.....wet -- -- --

SM SILTY SAND W/GRAVEL; brown, fine to coarse, 
..__ Ji.t_tle..._graY.el..;_ l aa s e , 'tle.L_ __ _ __ 

4 ML SANDY SILT; gray, fine sand, very thinly laminated 
__ t.!Lb.edded with sil~di dense, wet __ 
SM SILTY SAND; gray, fine to medium sand, trace 

organics, micaceous; medium dense, wet 

~ ,_ -- - -- -- -- -- -- -- --

C: 

.2 
.; 

GW SAND & GRAVEL; gray, fine to coarse sand, few to 
5 little silt; medium dense to loose, wet 

Bottom of test pit at depth 14.0 feet 
Completed and backfilled on 12/2/88 
Heavy seepage at 14'; seepage moderate from 3' to I' 
inflow approximately 5 gallons per minute 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 
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LOG OF TEST PIT NO. TP-25 

Location: Sta. 175+50, 12' L. of£ No. 2 Pipeline Elevation: approx. 505 

Surface Conditions: flat, grassy, top of slope 

QJ ~ 
~ .µ QJ 

:::i s::: r-

.µ QJ a. 
Vl .µ E 
·; s::: rel 

::E: 0 
(/') 

u 

r-
0 

..Cl 
DESCRIPTION 

E 
>, 

(/') 

TOPSOIL 
~M SILTY SAND W/GRAVEL; dark brown, fine to medium 

>-+----=>sa.ruL._J ittl e gravel, trace roots; loose, .Y..M1. moi s1 
SILTY SAND W/GRAVEL; brown, fine to medium sand,/ 
little gravel, trace roots; dense, wet ~ 

ML 
GLACIAL TILL 
SILTY SAND W/GRAVEL; gray-brown, little gravel, 
trace to scattered cobbles to 6" dia.; very dense, 
moist 

- grades to gray in color. 

Bottom of test pit at depth 11.0 feet 
Completed and backfilled on 12/2/88 
No groundwater encountered 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
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LOG OF TEST PIT NO. TP-26 

Location: Sta. 170+00, 6' L. of£ No. 2 Pipeline Elevation: approx. 538 

+> 
-'= (1J 
+> (1J 
Cl..'+-
(1J C 
Cl,,-

Surface Conditions: flat pasture, muddy 

(1J1 
s... +> 
::::l C 

+> (]J 
V') +> 
·;; C 
::E 0 u 

(]J ....-
....- 0 
Cl.. ..Cl 
E E 
rt;! >, 

V) V) 

ML 

SM 

-

DESCRIPTION 

FILL 
GRAVELLY SILT; gray-brown mottled brown, few fine 1o 
medium, little gravel, trace roots; loose, wet 

RECENT ALLUVIUM 
SILTY SAND W/GRAVEL; gray-brown, fine to medium 

~d~tle gravel; medium dense, wet ___ _ 

1 CL1 CLAY; brown mottled and streaked gray, little 
Cl to trace fine sand, trace organics, medium to high 

plasticity; very soft to medium stiff, wet 
->--- -- -- -- -- -- -- -- --

SM SILTY SAND; brown, fine to coarse, trace gravel; 
medium dense, wet 

- -----------
2 SM SILTY SAND TO SILTY SAND W/GRAVEL; gray, fine to 

coarse sand, little gravel, trace cobbles to 12" 
dia.; dense, wet 

REMARKS 

trench wa 11 s 
stand vertical 
top of pipe 
encountered at 3' 
digs easy 

GLACIAL TILL digs very hard 
SM SILTY SAND W/GRAVEL; gray-green, fine to medium 

3 \sand, little gravel; very dense, moist ;--

Bottom of test pit at depth 13.0 feet 
Completed and backfilled on 12/2/88 
Slight seepage at depth 5.0 feet 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 
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LOG OF TEST PIT NO. TP-27 

Location: Sta. 160+00, 10' L. of£ No. 2 Pipeline Elevation: approx. 555 

Surface Conditions: fl at, pasture, swampy with 6" standing 

QJ ~ 
s... +> 
::, C 

~ QJ 
.,.... +> 
0 C 
~o u 

QJ 
...-
0.. 
E 
<O 

V) 

1 

,.,..,+~- ,,+ ,.. .,.,t:..,~~ 

...-
DESCRIPTION 0 

.0 
E 
>, 

V) 

RECENT ALLUVIUM 
,-'""""'-, Olf---'08™ C_s_Ili; __b_r_rutn ; very soft. \ie.:L_ __ __ 

SM SILTY SAND W/GRAVEL; gray-brown, fine to medium, 
little gravel, trace roots to 4'; loose to 
medium dense, wet 

'sw .... GRAVELLY SAND; brown, ffnetomecfium sand~c~ 
to few silt; medium dense, wet 

,_,_ -- -- -- -- --
SM 

,_ 

SILTY SAND; brown, fine to medium sand, very 
thinly bedded with clay, silt, and gravel; medium 
dense, wet 

2 ML SANDY SILT; gray-green, fine, very thinly laminate< 
with clay and sand; dense, wet 

3 

~p - SAND; gray-green, fine to coarse, trace gravel, 
"- very thinly bedded with silty sand; dense, wet 

Bottom of test pit at depth 15.0 feet 
Completed and backfilled on 12/2/88 
Heavy seepage entire depth 
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LOG OF TEST PIT NO. TP-28 

Location: Sta. 143+50, 8' L. of£ No. 2 Pipeline 

Surface Conditions: swampy area, grassy and wet 

Elevation: approx. 510 

QJ 1 s.. .µ QJ 
::::; ~ r-
.µ QJ Cl. 
(/) .µ E 
·:; ~ (Cl 

:::E: 0 
V) 

u 

...... 
0 DESCRIPTION REMARKS .0 
E 
>, 

(./) 

TOPSOIL 
ML SIIT: arav-brown mottled brown. trace roots: med. <tiff, wet 

RECENT ALLUVIUM 
SM SILTY SAND W/GRAVEL; gray-green, fine to medium digs easy 

sand, little gravel, trace organics, thinly bedded 
with organics scattered cobbles to 6" dia.; medium 
dense, wet 

GLACIAL TILL 
SM SILTY SAND W/GRAVEL; gray-green, fine to coarse 

sand, little gravel, trace to scattered cobbles; 
very dense, moist 

- grades to yellow-brown in color 

---- --

caving badly 

digs very hard 

SP SAND; brown, fine to coarse, trace silt and fine ----..... ~~ gravel; very dense, very moist -

-

-

-

-

-

Bottom of test pit at depth 12.0 feet 
completed and backfilled on 12/2/88 
Moderate seepage from depth 2' to 7' 
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APPENDIX B 

GEOTECHNICAL LABORATORY TESTING 

Classification tests were performed on selected soil samples to develop 
parameters for use in evaluating subsurface conditions, to permit corre­
lation of engineering properties of tested samples with similar soil 
types, and to prepare geotechnical engineering recommendations for the 
proposed project. The soils which were tested were checked against the 
field log classifications and updated where appropriate in general ac­
cordance with ASTM 0-2488, 11 Standard Test Method for Cl ass ifi cation of 
Soils for Engineering Purposes 11

• The laboratory testing program in­
cluded moisture content determinations, grain size analyses, liquid and 
plastic Atterberg limit determinations, and compaction testing. All 
tests were performed in our laboratory and in general accordance with 

the American Society of Testing and Materials (ASTM) standard test pro­
cedures. 

Moisture content determinations were performed on selected soil samples 
in general accordance with ASTM 0-2216. The test results are used in 
classification and correlation of the various soils encountered at the 
site. They were also used to provide quantitative approximations re­
garding soil strength characteristics for cohesive soils. The results 
of these tests are shown on the individual logs of the explorations. 

Sieve analyses were performed on selected samples to determine grain 
size distributions. The tests were performed in general accordance with 
ASTM 0-422. The grain size curves are shown at the end of this appendix 

on Figures 8-1 and 8-2. 

Converse Consultants NW 



8-2 

Liquid and plastic Atterberg limits were determined for selected samples 
of the cohesive soils encountered in the explorations. The tests were 
performed in accordance with ASTM 0-4318 to aid in classification and 
correlation, and to provide qualitative information concerning engineer­
ing parameters of the soils. The results of these tests are shown on 
Figure 8-3. 

A dry density versus moisture content curve was developed for prevalent 
soil types encountered in the test pits. One curve was developed for 
the glacial till soil deposits, the lacustrine deposits, and the alluvi­
al deposits. The tests were performed in accordance with ASTM 0-1557. 
The resulting curves are shown on Figures 8-4 through 8-6. 
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COMPACTION TEST RESULTS 

MOISTURE CONTENT IN o/o OF DRY WEIGHT 
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PROCEDURE: ASTM 01557, method C 

SOIL DESCRIPTION 

61 -7 1 Brown SILTY SAND; fine to coarse, with some 
fine to coarse gravel 

7 133 
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PROCEDURE: ASTM 01557, method A 

SOIL DESCRIPTION 

Blue-gray SILTY CLAY, with trace fine to 
medium sand 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 
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COMPACTION TEST RESULTS 

MOISTURE CONTENT IN °/o OF DRY WEIGHT 
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PROCEDURE: ASTM D1557. method C 

SOIL DESCRIPTION 

Gray SILTY SAND, fine to medium, with little 
fine to coarse gravel 

PROPOSED WATER SUPPLY PIPELINE NO. 2 
Everett, Washington 
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