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Subject: GEOTECHNICAL REPORT 
   Proposed Water Intake and Treatment Building 
   Boistfort Valley Water near Adna, Washington 

Dear Mr. Gill, 

PanGEO has completed a geotechnical study to assist the project team with the design 

and construction of the proposed water treatment plant and water intake structure in 

Adna, Washington.  The results of our study and our recommendations are summarized 

in the attached report.   

In summary, the site is underlain by a thick layer of recent alluvium that is moderately 

compressible.   Where the site grade will be raised, a pre-load period of 3 to 4 months 

should be built into the schedule.  Conventional footings are considered appropriate for 

supporting the proposed structures. 

The riverbank at the location of the proposed intake structure is quite steep and hence the 

surficial soils are subject to downslope creep.  As a result, it may be necessary to confine 

the proposed quarry spalls that will be placed on the slope face to prevent downslope 

movements of the quarry spalls, such as using gabion baskets.  Alternatively, in lieu of 

quarry spalls, a concrete slab may be used. 

We appreciate the opportunity to be of service.  Should you have any questions, please do 

not hesitate to call. 

Sincerely, 

 
Siew L. Tan, P.E. 
Principal Geotechnical Engineer 
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GEOTECHNICAL REPORT 
PROPOSED WATER INTAKE AND TREATMENT BUILDING  
BOISTFORT VALLEY WATER NEAR ADNA, WASHINGTON 

1.0  GENERAL 

PanGEO completed a geotechnical study to for the proposed water intake structure and water 

treatment building for Boistfort Valley Water District near Adna, Washington.  The purpose of 

our geotechnical study was to evaluate subsurface conditions at the site and, based on the 

conditions encountered, provide geotechnical engineering recommendations pertinent to the

design and construction of the proposed facility.  Our services included conducting a site 

reconnaissance, reviewing geology maps, drilling two test borings, conducting laboratory tests, 

and developing the conclusions and recommendations presented in this report.   

2.0  SITE AND PROJECT DESCRIPTION 

We understand that the treatment facility and the water intake structure will be constructed at the 

existing water treatment plant site.  The approximate location of the site and the proposed layout 

are shown in Figures 1 and 2, respectively.  The site is located on an open farmland, on the bank 

of the Chehalis River.  In the area of the proposed water intake structure, the riverbank is about 

20 feet tall, with a slope inclination of approximately 1H:1V (horizontal:vertical). 

We understand that the proposed improvements will include the following major elements: 

 Water Treatment Plant Building  A single-story at grade building with a plan 

dimension of about 42 feet by 54 feet.  Plate 1, below, depicts a typical elevation of the 

proposed building; 

 

Plate 1 .  South Elevation of Proposed Water Treatment Building 
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 Electrical Platform  The structure will consist of an elevated platform (see elevation 

view, below) supported on a concrete mat foundation measuring approximately 14 feet 

by 14 feet and will be constructed near the intake structure. 

 

Plate 2. Electrical Platform, East Elevation 

 Water Intake Structure  As currently envisaged, the proposed intake facility will 

consist of a floating intake that can be deployed and retrieved with a lightweight winch 

system supported on sled rails resting on the existing riverbank.  Concrete blocks will be 

placed at the bottom of rails to provide supports; the top of the rails will be supported on 

a cast-in-place concrete slab.  The riverbank will be covered with spalls for erosion 

control.  A typical cross section of the proposed intake structure is shown in Plate 3, 

below.   
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Plate 3 .  Typical cross section of the proposed intake structure 

 

 Concrete Clear Well  A proposed concrete clear well approximately 20 feet in 

diameter and 15 feet in height will be constructed on the east side of the treatment 

building.  

3.0  SUBSURFACE EXPLORATIONS 

3.1  SUBSURFACE EXPLORATION 

Two test borings (PG-1 and PG-2) were drilled at the site on May 11, 2021, at the approximate 

locations indicated on Figure 2.  Boring PG-1 was drilled to about 61½ feet deep, near the 

proposed intake structure; boring PG-2 was drilled to about 31½ feet deep near the proposed 

water treatment building.   

The test borings were drilled using hollow stem augers.  Standard penetration tests (SPT) were 

conducted in the test borings at 2½- and 5-foot depth intervals.  A geologist from PanGEO was 

present throughout the field exploration to observe the drilling, assist in sampling, and visually 

classify the soil samples obtained from the test borings.  The soils were classified and described 
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in the field using the system outlined in Figure A-1.  Summary boring logs are included as 

Figures A-2 and A-3 in Appendix A of this report.   

3.2 LABORATORY TESTING 

Representative soil samples were selected for laboratory testing.  The tests conducted for this 

project include grain size distribution, Atterberg limits and natural moisture contents.  The test 

results are included on the boring logs where appropriate and in Appendix B of this report. 

4.0  SUBSURFACE CONDITIONS 

4.1  SOILS  INTAKE STRUCTURE  

Test boring PG-1 was drilled near the location of the proposed intake structure.  The boring was 

drilled from the top of riverbank to approximately 61½ feet deep.  The test boring encountered 

approximately 18 feet of loose to medium dense, sandy silt.  The silt was in turn underlain by 

medium dense to very dense sand to the termination depth of the test boring.   

4.2  SOILS  WATER TREATMENT PLANT AND CLEAR WELL SITE 

Test boring PG-2 was drilled near the location of the proposed water treatment plant and 

concrete clear well, to about 31½ feet deep.  The test boring encountered approximately 18 feet 

of medium stiff to stiff elastic silt.  The soil layer is characterized by its high plasticity (i.e., 

sticky).  Below 18 feet, the soil consists of interlayer of elastic silt and non-plastic sandy silt.  

Very low SPT N-values of 1 to 3 blows per foot was recorded between about 20 to 25 feet deep, 

suggesting very soft consistency. 

4.3  GROUNDWATER 

Groundwater was observed in both test borings at the time of drilling.  In test boring PG-1, 

groundwater was encountered at about 18 feet deep.  In test boring PG-2, groundwater was 

encountered at about 15 feet deep. 

The groundwater level should be anticipated to fluctuate depending on the seasonal 

precipitations, localized variation in subsurface conditions, water level in the river, and other 

factors. 
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5.0 SEISMIC DESIGN CONSIDERATIONS 

5.1 SEISMIC SITE CLASS 

The seismic design of the project may be accomplished using the 2018 edition of the 

International Building Code (IBC), which specifies a design earthquake having a 2% probability 

of occurrence in 50 years (return interval of 2,475 years).  Based on the soil conditions 

encountered in test borings PG-1 and PG-2, it is our opinion that Site Class E is appropriate for 

the seismic design of the water treatment building. 

5.2 SOIL LIQUEFACTION 

Soil liquefaction is a condition where saturated cohesionless soils undergo a substantial loss of 

strength due to the build-up of excess pore water pressures resulting from cyclic stress induced 

by earthquakes. Soils most susceptible to liquefaction are loose, uniformly graded sands and 

loose silts with little cohesion.   

Based on the result of our test boring PG-1, it is our opinion that soil liquefaction could occur in 

the area of the proposed intake structure.  Liquefaction, if occur, could lead to lateral spreading 

(i.e., lateral movements of the slope due to reduce soil strength caused by soil liquefaction) and 

significant lateral movements.   

At the proposed water treatment building location, the soils encountered in test boring PG-2 

typically consist of high-plasticity elastic silt.  The liquefaction potential of the elastic silt is 

considered low.  However, non-plastic silt interbeds located below 18 feet could liquefy during 

an IBC-level design earthquake.  Liquefaction, if occur in this area, could lead to several inches 

of settlement. 

It is our understanding that the effects of soil liquefaction are not part of the design 

considerations and measures to mitigate the risk of soil liquefaction will not be implemented for 

this project. 

6.0 PRELOAD 

We understand that the grade at the water treatment plant will be raised by about 5 feet.  As 

indicated in boring PG-2, marginally compressible soils are present at the site and the placement 

of additional could lead to long term settlement.  As such, we recommend a time lag between the 

placement of the fill and footing construction (i.e., pre-load), to mitigate the risk of long-term

post construction settlement.   
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We recommend that the pre-load fill be placed to at least 2 feet above the finished grade, and the 

settlement of the underlying alluvium be monitored.  After the completion of the pre-load, the 

excess soils can be removed to the design elevation, and the proposed structures and 

underground utilities can then be constructed. 

For scheduling purposes, we recommend that at least 3 to 4 months of pre-load period be built 

into the project schedule.  The actual pre-load period will depend on the monitoring results. 

6.1 SUBGRADE PREPARATION 

The native subgrade should be properly prepared before placing the new fill.  This includes

removing all vegetations and organic-rich soils.  The exposed native subgrade is anticipated to 

consist of silt and clay and can be unstable when exposed to moisture.  As a result, it will be 

beneficial to conduct the earthwork for this project in the summer months.  A layer of geogrid or 

geotextile may need to be placed to stabilize the subgrade. 

6.2 FILL SELECTION AND COMPACTION 

We recommend that the pre-load fill consist of structural fill as outlined in Section 8.1 of this 

report.  The fill should be compacted to at least 95% of its maximum dry density, as determined 

by Modified Proctor (ASTM D1557), except the lowest 2 feet of fill.  The lowest 2 feet of fill 

may be compacted to 90%.   

6.3 PRE-LOAD MONITORING 

Settlement of the preload fills should be monitored during and after fill placement.  Monitoring 

of settlements should be performed using settlement plates, as shown on the Settlement Plate 

Schematic, Figure 3.  The plates should be installed before any fill is placed and be monitored at 

least twice a week in the first 2 weeks, and once a week thereafter.  The settlement monitoring 

results should be evaluated by PanGEO, to determine the timing to end the preload. 

For this project, we recommend placing a minimum of 9 settlement plates, in three rows of 3

plates per row, within the area where the site grade will be raised.  The settlement plates should 

be installed on firm ground or on sand pads if needed for stability.  Plates should be installed at 

elevations shown on the project plans, prior to placing any fill above the plate level.  Locations 

of settlement plates should be clearly marked and readily visible (red flagged) to equipment 

operators. 
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The contractor should maintain at least a 5-foot horizontal clearance with heavy equipment.  Fill 

within the clearance area should be hand compacted to project specifications.  In the event of 

damage to a settlement plate or measurement rod resulting from equipment operating within the 

prescribed clearance area, the contractor should immediately notify the geotechnical engineer 

and should be responsible for restoring the settlement plate to working order. 

Initial readings should be taken on top of the measurement rod and at the adjacent ground level 

prior to fill placement.  For ease in handling, the measurement rod and casing may be installed in 

3- to 5-foot sections, if needed.  As fill progresses, couplings should be used to install additional 

lengths.  Continuity should be maintained when adding extensions, by reading the top of the 

measurement rod, then immediately adding the new section and reading the top of the added rod.  

Both readings should be recorded. 

After placement of the pre-load fill is completed, readings should be taken to measure the 

changes in elevation of the settlement plates.  At the recommended time intervals, the licensed 

land surveyor should record the elevation of the top of the measurement rod and note the 

elevation of the adjacent fill surface.  The measurement rod readings should be to the nearest 

0.01 foot (or the nearest 0.005 foot if possible); fill elevations should be measured to the nearest 

0.1 foot.  All elevations should be referenced to a benchmark located on stable ground at least 

100 feet from the preload embankment. 

Readings should be submitted in a timely fashion to the geotechnical engineer, who should 

analyze the settlement data, to provide a basis for determining when the desired effect of 

preloading has been achieved.   

7.0 DESIGN RECOMMENDATIONS 

7.1 FOUNDATION SUPPORT 

After completion of the pre-load period, the proposed water treatment building may be supported 

on conventional footings or concrete mats.  The proposed concrete clear well should be 

supported on a mat foundation. 

For the proposed electrical platform near the intake structure where no pre-load is planned, we 

recommend placing at least 2 feet of properly compacted crushed surfacing base course (CSBC) 

below its foundation.  The uppermost one foot of the CSBC should be compacted to at least 95% 

of its maximum density, based on Modified Proctor Test. 
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For design purposes, we recommend a maximum allowable soil bearing pressure of 1,500 

pounds per square foot (psf), and a modulus of subgrade reaction of 120 pci to size the 

foundations.  The bearing pressure may be increased by one third for transient loads such as 

wind loads; however, the one-third increase is not appropriate for seismic loads. 

The lateral loads of the foundation system can be resisted with a combination of passive pressure 

against the buried foundation elements and the friction at the base.  A maximum allowable 

passive pressure of 350 pcf may be used for design calculations, assuming properly compacted 

structural fill will be placed against the foundations, and level ground surface in front of the 

foundation.  The recommended value includes a factor of safety of at least 1.5. 

The friction at the base of foundation may be calculated based on an allowable friction 

coefficient of 0.4.  The recommended value includes a factor of safety of at least 1.5. 

7.2 INTAKE STRUCTURE  

A description of the proposed intake structure is included on pages 2 and 3 of this report.  It 

should be noted that, given the steepness of the riverbank and the loose soils in the area, the 

riverbank is considered marginally stable, and can become unstable during a strong seismic 

event consistent with the current IBC.  However, we understand that the current scope of work 

does not include stabilization of the riverbank. 

Outlined below are geotechnical recommendations to improve the geotechnical performance of 

the intake structure: 

 Concrete slab/mat near the top of riverbank supporting the winch  The concrete 

mat or slab should be located sufficiently from the top of riverbank, or sufficiently 

deepened such that a minimum 8-foot horizontal distance can be maintained between the 

outer face of the concrete blocks and the face of the riverbank; 

 Concrete blocks near the base of rails  These concrete blocks should be placed 

sufficiently deep to protect against scouring.  The risk of scouring is to be assessed by 

others.  Alternatively, scouring protection measures may be implemented to protect the 

foundation soils supporting the blocks. 

 Surficial Erosion Control / Quarry Spalls  As currently envisaged, the riverbank in 

the area of the intake structure will be covered with quarry spalls for erosion control.  

Due to the steepness of the slope, it is our opinion that the risk of downslope creep of 

surficial soils is high.  One potential option is to encase the quarry spalls in gabion 
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baskets, creating a gabion mattress.  In addition, a geotextile layer should be installed 

below the quarry spalls to prevent ground loss through the voids of the quarry spalls. 

7.3 ACCESS ROAD 

We understand that a new access road will be constructed to access the intake structure for post-

construction maintenance and operation.  As such, the traffics should be relatively light.   

The surficial soils generally consist of silt and clay and can be easily disturbed when exposed to 

moisture and construction traffics.  To provide a stable driving surface for construction access, we 

recommend that the access road be consist of one foot of quarry spalls placed on a layer of 

geogrid (Tensar TX-160 or better).  The quarry spalls may be capped with a few inches with 

crushed surfacing base course (CSBC) to provide a smoother driving surface. 

The subgrade for the access road should be properly prepared prior to placing the quarry spalls 

and geogrid.  As a minimum, all vegetations and organic soils should be removed from within the 

footprint of the access road. 

We also anticipate that the driving surface could become uneven, depending on the amounts of 

traffic and weather conditions.  Periodic maintenance of the driving surface by adding CSBC to 

re-level the surface may be needed. 

7.4 NEW UTILITIES 

7.4.1 Trench Excavation 

We anticipate that some of the pipes will be located within the new fill that will be placed for 

raising the site grade, while some of the pipes will be embedded in the native silt and clay.  We 

understand that the pipe inverts should generally no more than 5 feet below the existing grade, 

and hence the trench excavation should not be significantly impacted by groundwater. 

Trench excavations may be accomplished using conventional excavation equipment.  All 

excavations in excess of 4 feet in depth should be sloped in accordance with Washington 

Administrative Code (WAC) 296-155, or be shored.  Trench boxes are likely appropriate for this 

project.  It is the design and maintain the required temporary 

excavation stability and dewatering to achieve a safe working condition. 
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7.4.2  Pipe Support and Bedding 

Where the pipe invert will be located within the new fill that will be placed to raise the grade, the 

new fill will provide adequate support for the pipes.  For pipes located below the fill and within 

the recent alluvium, soft and unsuitable soils may be present below the pipe invert.  Any organic-

rich soils, if encountered, should be removed from below the pipe invert.  

If thick, soft soils are encountered in the trench, to provide adequate support for the pipes and to 

minimize trench bottom disturbance during construction, we recommend overexcavating the 

trench by 1-foot, placing a non-woven geotextile fabric at the base of the overexcavation, and 

backfilling the overexcavation with granular structural fill or bedding material.   

General recommendations relative to pipe bedding are presented below. 

 Pipe bedding material, placement, compaction, and shaping should be in accordance 

with the project specifications and the pipe manuf At a 

minimum, the pipe bedding should meet the gradational requirements for Gravel 

Backfill for Pipe Zone Bedding, Section 9-03.12(3) of the 2021 WSDOT Standard 

Specifications; 

 Pipe bedding should be placed on relatively undisturbed native soils, or compacted 

fill.  If the native subgrades are disturbed, the disturbed material should be removed 

and replaced with compacted bedding material; 

 Pipe bedding should provide a firm, uniform cradle for the pipe.  We recommend that 

a minimum 4-inch thickness of bedding material beneath the pipe be provided.  

Greater thicknesses may be necessary to prevent loosening and softening of the 

natural soils during pipe placement; 

 Prior to the installation of the pipe, the pipe bedding should be shaped to fit the lower 

part of the pipe exterior with reasonable closeness to provide continuous support 

along the pipe; 

 Pipe bedding material and/or backfill around the pipe should be placed in layers and 

tamped to obtain complete contact with the pipe.  In areas where a trench box is used, 

the bedding material should be placed before the trench box is advanced. 
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7.4.3  Trench Backfill 

Trench backfill should consist of properly compacted import granular fill as outlined in Section 

8.1 of this report, or approved equivalent.  The trench backfill should be placed in 8- to 12-inch, 

loose lifts and compacted to at least 90 percent maximum dry density, per ASTM D1557.  In 

paved areas, the upper 2 feet of the backfill should be compacted to at least 95 percent maximum 

dry density, per ASTM D1557.   

In non-structural areas where settlement of the trench backfill will not affect the performance 

and the use of the area, on site soils may be used as trench backfill, provided that a reasonable 

level of compaction (i.e., 90% of Standard Proctor, ASTM D-698) can be achieved.  On-site 

soils, however, should not be used if wet, or if significant pumping occurs during compaction. 

During placement of the initial lifts, the trench backfill should not be bulldozed into the trench or 

dropped directly on the pipe.  Furthermore, heavy vibratory equipment should not be permitted 

to operate directly over the pipe until a minimum of 2 feet of backfill has been placed over the 

pipe. 

8.0  EARTHWORK CONSIDERATIONS 

8.1 STRUCTURAL FILL AND COMPACTION 

All fill materials to be placed within the footprint of proposed structures and access road should 

be considered structural fill and conform to the requirements of this section.   

It is our opinion that the on-site soils  should not be used as structural fill or trench backfill.   

Unless otherwise specified, structural fill should consist of granular soils with a maximum 

dimension of 4 inches, less than 30% passing a U.S. Standard No. 40 sieve, and less than 7 

percent passing the U.S. Standard No. 200 sieve.  The fine-grained portion of structural fill soils 

should consist of non-plastic material.   

Due to the close proximity of the site to the Chehalis River, the use of recycled materials such as 

crushed recycled concrete should be restricted, due to concerns for elevated pH of surface runoff.

Structural fill should be moisture conditioned to within about 3 percent of optimum moisture 

content, placed in loose, horizontal lifts less than 8 inches in thickness, and systematically 

compacted to a dense and relatively unyielding condition and to at least 95 percent of the 

maximum dry density, as determined using test method ASTM D 1557.   
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It should be noted that the native subgrade is likely to be wet and potentially unstable.  As a 

result, for planning purposes, it should be assumed that a geotextile may be needed to be placed 

on the exposed subgrade before placement of any structural fill.     

8.3 WET WEATHER CONSTRUCTION 

General recommendations relative to earthwork performed in wet weather or in wet conditions 

are presented below.  The following procedures are best management practices recommended for 

use in wet weather construction: 

 Earthwork should be performed in small areas to minimize subgrade exposure to wet 

weather.  Excavation or the removal of unsuitable soil should be followed promptly 

by the placement and compaction of clean structural fill.  The size and type of 

construction equipment used may have to be limited to prevent soil disturbance.   

 During wet weather, the allowable fines content of the structural fill should be 

reduced to no more than 5 percent by weight based on the portion passing ¾-inch 

sieve.  The fines should be non-plastic. 

 The ground surface within the construction area should be graded to promote run-off 

of surface water and to prevent the ponding of water. 

 Bales of straw and/or geotextile silt fences should be strategically located to control 

surface water and to limit erosion.   

 Excavation slopes and soils stockpiled on-site should be covered with plastic sheets 

during periods of wet weather. 

9.0  UNCERTAINTY AND LIMITATIONS 

We have prepared this report for use by Gray & Osborne and other project team members.  

Recommendations contained in this report are based on a site reconnaissance, a subsurface 

exploration program, review of existing subsurface data at the site, review of pertinent geologic 

publications, and our understanding of the project.  The study was performed using a mutually 

agreed-upon scope of work.   

Variations in soil conditions may exist between the locations of the explorations and the actual 

conditions underlying the site.  The nature and extent of soil variations may not be evident until 

construction occurs.  If any soil conditions are encountered at the site that are different from 
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those described in this report, we should be notified immediately to review the applicability of 

our recommendations.  Additionally, we should also be notified to review the applicability of our 

recommendations if there are any changes in the project scope. 

The scope of our work does not include services related to construction safety precautions.  Our 

procedures, except as specifically described in our report for consideration in design.  

Additionally, the scope of our work specifically excludes the assessment of environmental 

characteristics, particularly those involving hazardous substances.  We are not mold consultants 

nor are our recommendations to be interpreted as being preventative of mold development.  A 

mold specialist should be consulted for all mold-related issues. 

This report may be used only by the client and for the purposes stated, within a reasonable time 

from its issuance.  Land use, site conditions (both off and on-site), or other factors including 

advances in our understanding of applied science, may change over time and could materially 

affect our findings.  Therefore, this report should not be relied upon after 24 months from its 

issuance.  PanGEO should be notified if the project is delayed by more than 24 months from the 

date of this report so that we may review the applicability of our conclusions considering the 

time lapse. 

contractor, subcontractors, etc., are made aware of this report in its entirety.  The use of 

option and risk.  Any party other than the client who wishes to use this report shall notify 

PanGEO of such intended use and for permission to copy this report.  Based on the intended use 

of the report, PanGEO may require that additional work be performed and that an updated report 

be reissued.  Noncompliance with any of these requirements will release PanGEO from any 

liability resulting from the use this report. 

Within the limitation of scope, schedule and budget, PanGEO engages in the practice of 

geotechnical engineering and endeavors to perform its services in accordance with generally 

accepted professional principles and practices at the time the Report or its contents were 

prepared.  No warranty, express or implied, is made. 

We appreciate the opportunity to be of service to you on this project.  Please feel free to contact 

our office with any questions you have regarding our study, this report, or any geotechnical 

engineering related project issues. 
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Sincerely, 

 

 
 
Siew L. Tan, P.E. 
Principal Geotechnical Engineer 
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Figure No.Project No.

NOTES:
1. Locations of settlement plates shall be clearly marked and readily visible 

to equipment operators.
2. Contractor shall maintain at least 5 feet of horizontal clearance for heavy 

equipment from the base of settlement plates.  Fill within 5 feet of 
settlement plates shall be compacted using hand operated equipment.

3. In the event of damage to settlement plates, contractor shall immediately 
notify PanGEO and shall be responsible for restoring the settlement 
plates to working order.

4. Install plates on firm ground or on sand pads if needed for stability.  Take 
initial readings on top of the rod and at adjacent ground level prior to 
placement of fill.

5. For ease in handling, rod and casing are usually installed in short 
sections.  As fill progresses, couplings are used to installed additional 
lengths.  Continuity is maintained by reading the top of the measurement 
rod, then immediately adding the new section and reading the top of the 
added rod.  Both readings should be recorded.

6. Record the elevations of the top of the measurement rod at pre-
determined time intervals, but no less than once a week.  Each time, 
note the elevation of the adjacent ground surface.

7. Read the measurement rods to the nearest 0.01 ft, or 0.005 ft if possible.  
Note the fill elevation to the nearest 0.1 ft.

8. The elevations should be referenced to a temporary benchmark located 
on stable ground at least 100 feet from the preload fill.

Proposed Water Intake and
Treatment Building

Boistfort Valley Water
Lewis County (Adna), WAF

ig
1

_
vi

ci
n

ity
.p

p
t  

 1
2

/7
/2

0
2

1
(1

0
:1

2
 A

M
) 

 J
C

R

21-113 3

Settlement Plate Schematic
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SUMMARY BORING LOGS 
 

 





MC GS

MC GS

MC GS

ALLUVIUM - Qa
Very loose surface and light vegetation above: Loose to
medium dense, brown to red-brown, sandy SILT; trace burnt
wood fragments, trace rootlets; non-plastic, moist.

SAMPLE S3 - MC: 29%, GRAVEL: 0.8%, SAND: 45.3%,
FINES: 59.3%.

 -- becomes saturated from approx. 18 to 28 feet bgs.

Medium dense, gray-brown red-brown, poorly graded SAND
with SILT; trace gravel; non-plastic, moist to wet.

Medium dense, dark gray, poorly graded SAND with SILT
and GRAVEL; subrounded gravels; non-plastic, moist to
wet.
SAMPLE S7- MC: 32%, GRAVEL: 23% SAND: 65.2%
FINES: 11.9%.

 -- becomes very dense at approx. 30 feet bgs.

 -- rocky drilling action at 32.5 feet bgs.

Very dense, dark gray, silty SAND; trace fine gravel, trace
charcoal, trace wood debris; laminated texture; non-plastic,
moist.
SAMPLE S9- MC: 29%, GRAVEL: 2.5% SAND: 70.4%
FINES: 27.1%.

 (continued of next page) .
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Remarks: Standard penetration test (SPT) sampler driven with a 140 lb. safety hammer
w/30" drop. Hammer operated with a rope and cathead mechanism. Coordinates and
elevation are approximate and based on their relative location to known site features.
This information is provided for relative information only and is not a substitution for
field survey. Datum: WGS84/ NAVD88
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The stratification lines represent approximate boundaries.  The transition may be gradual.
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MC GS

ALLUVIUM - Qa - CONTINUED
Very dense, dark gray, silty SAND; trace fine gravel, trace
charcoal, trace wood debris; laminated texture; non-plastic,
wet (saturated).

Very dense, dark gray, poorly-graded SAND; trace silt;
laminated texture; non-plastic, moist to wet.

SAMPLE S12- MC: 25%, GRAVEL: 0% SAND: 83% FINES:
17%.

Boring terminated at approximately 61.4 feet below the
ground surface (bgs).
Piezometer installed with Department of Ecology Well Tag
#BMN-974 approximately 10 feet north of PG-1.
Saturated groundwater conditions observed from approx. 18
to 28 feet and 43 to 48 feet bgs at time of drilling.
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w/30" drop. Hammer operated with a rope and cathead mechanism. Coordinates and
elevation are approximate and based on their relative location to known site features.
This information is provided for relative information only and is not a substitution for
field survey. Datum: WGS84/ NAVD88
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ATT,
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ALLUVIUM - Qa
Light vegetation above: Stiff, brown to red-brown, elastic SILT; trace
sand, trace burnt wood fragments, trace rootlets; mud cracks at
surface; moderate plasticity, moist.

SAMPLE S2- MC: 43%, LL: 92 PL: 40 PI: 52.

SAMPLE S4- MC: 51%, LL: 72 PL: 38 PI: 34.

SAMPLE S5- MC: 51%.

 -- becomes saturated from approx. 16 to 31.5 feet bgs.

Very soft, red brown, sandy SILT; trace clay; moderate plasticity, wet
(saturated).

Very soft, blue-gray, elastic SILT; trace fine sand; broken texture,
slightly moddled; moderate plasticity, wet (saturated).

Soft, blue-gray, sandy SILT; trace clay; broken texture; moderate
plasticity, wet (saturated).
SAMPLE S6- MC: 50%.

 -- becomes stiff at approx. 30 feet bgs.

Boring terminated at approximately 31.5 feet below the ground surface
(bgs).
Saturated groundwater conditions observed from approx. 16 to 31.5
feet bgs at time of drilling.
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Remarks: Standard penetration test (SPT) sampler driven with a 140 lb. safety hammer
w/30" drop. Hammer operated with a rope and cathead mechanism. Coordinates and
elevation are approximate and based on their relative location to known site features.
This information is provided for relative information only and is not a substitution for
field survey. Datum: WGS84/ NAVD88
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The stratification lines represent approximate boundaries.  The transition may be gradual.
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