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SUBSURFACE EXPLORATION AND GEOTECHNICAL ENGINEERING REPORT 

PROPOSED RETAIL STORE 

ABERDEEN, WASHINGTON 

1.0 SUMMARY 

The proposed project construction is considered feasible with respect to subsurface conditions encountered 

at the project site. A brief summary of the project geotechnical considerations is presented below: 

• Our subsurface explorations consisted of drilling ten hollow-stem auger borings, pushing 

five Dutch cone penetrometer probes, and excavating 8 test pits. At the time of our site 

evaluation, several parcels which comprise portions of the project site were not explored 

due to access restrictions. 

• 

• 

• 

Based on the explorations accomplished for this study, the site is covered with various 

types of fill soils and organic debris which varies in thickness from approximately 3 to 12 

feet. Generally consistent subsurface conditions were encountered beneath the fill and 

debris. · The explorations encountered native, interbedded alluvial loose to medium dense 

sands and soft to medium stiff silt, clayey silts and organic silts overlying deeper deposits 

of medium dense to dense sands and medium stiff to stiff silts. Very soft to medium stiff 

organic silt were encountered directly beneath the fill and varied in thickness. These 

interbedded soils typically extended about 48 to 52 feet below the existing ground surface. 

These silt beds are considered relatively compressible. Between depths of approximately 

49 to 57 feet, a medium dense sand layer was encountered in all of our deep explorations. 

Underlying the medium dense sand, we encountered interbedded medium dense sands and 

medium stiff to stiff silts which extended to the full depths explored. 

Preliminary design grades call for the placement of approximately 2 feet of fill over the 

building pad area in order to achieve the proposed floor subgrade elevation of 14.5 feet. 

This subgrade elevation would be coincident with the top of dike elevation along the south 

side of the site. 

In our opinion, the subsurface soils and organic debris encountered in our explorations are 

not suitable to support the proposed structure on shallow foundations without experiencing 

severe total and adverse differential settlement. For this reason, we recommend that the 

proposed building be pile-supported to improve long-term foundation performance. A 
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structurally supported floor slab is also recommended, in order to minimize differential 

settlement between the floor slab and the pile supported building. 

• · The native site soils are highly silty and therefore, moisture sensitive. The use of imported 

granular fill is recommended for structural fill placement below the proposed structure as 

well as beneath parking areas. The use of on-site materials for fill would be difficult or 

impossible due to their plasticity, organic content, and moisture content. 

• Over the life of the pavement, we expect the site to settle several inches causing pavement 

surface degradation and increased maintenance. 

• Groundwater was encountered at all of our boring locations at the time of our subsurface 

exploration program. Groundwater levels varied from 7 to 15 feet beneath the existing 

ground surface. We anticipate that most water levels would have risen to within 7 or a feet 

of the ground surface if the borings were left open long enough to allow water levels to 

come to equilibrium. Groundwater conditions should be expected to vary throughout the 

year due to seasonal variations, fluctuations of river level, and on-and off-site uses. 

This summary is presented for introductory purposes only and should be used in conjunction with the full 

text of this report. The project description, site conditions and our detailed geotechnical design 

recommendations are presented in the text of this report. The field exploration procedures and detailed logs 

of the explorations are presented in this report as Appendix A. Laboratory procedures and test results are 

presented in Appendix B while Appendix C presents the calculations used for AASHTO pavement design 

and the Geotechnical Investigation Fact Sheet and Design Criteria. 

2.0 PROJECT DESCRIPTION 

The proposed project site is located in Aberdeen, Washington. It is bounded to the north by an active 

railroad line, to the south by the Chehalis River, to the west by seaport facilities, and to the east by the 

Wishkah Mall. The site can be accessed from the north by Newell and Chehalis Streets, from the west by 

Heron Street or from the east via the Wishkah Mall. The location of the site is presented on Figure 1, Vicinity 

Map. 

Based on the information provided to us at this point, we understand that the proposed building would be 

a single story structure with concrete slab-on-grade floors, utilizing a combination of load bearing concrete 
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block walls and steel columns, as described In the owner's "Geotechnical Investigation Report Requirements" 

for type A store. Column loads are anticipated to range up to 100 kips, and wall loads would range between 

4 and 6 kips per lineal foot. Floor slab loads may range from 100 to 250 pst. The approximate area of the 

proposed building would be on the order of 116,000 square feet Parking areas, truck loading/unloading 

areas, access drives and landscaped areas would also be constructed in conjunction with this project. 

The purpose of this evaluation was to establish general subsurface conditions at this site from which 

conclusions and recommendations for foundation design, pavement design, and general earthwork 

construction recommendations for the project could be formulated. The scope of work consisted of a field 

exploration program, geotechnical engineering analyses, laboratory testing, and preparation of this report. 

In the event that there are any changes in the nature, design, elevation, or location of the proposed 

structure, the conclusions and recommendations contained in this report should be reviewed by RZA-AGRA 

and modified, as necessary, to reflect those changes. This report has been prepared in accordance with 

generally accepted geotechnical engineering practice for the exclusive use of KPFF Consulting Engineers 

and their agents for specific application to this project. 

3.1 Surface Conditions 

The proposed project site presently has several buildings on the northern half, all of various size and 

differing uses. The southern half is currently vacant. At least 14 structures occupied the site at the time of 

our exploration. In general, the site was fairly flat with a maximum topographic relief on the order of 2 feet. 

Ground surface elevations range from approximately 11.3 to 14 feet. Previously placed fills were observed 

across the entire site. The exposed, shallow surficial fills typically consisted of pit-run sand and gravel or 

crushed gravel. The majority of the site appears to have been developed in the past. 

3.2 Subsurface Conditions 

Based on materials encountered during our fielq exploration program it appears that the near-surface 

conditions are variable across the site particularly in the upper 3 to 12 feet where man-placed fill soils and 

wood debris was encountered. At our exploration locations, 3 to 12 feet of man-placed fill soils and organic 

debris were observed overlying the native soils. Typically, fill material varied from sawdust, lumber, logs, 

concrete, ash and other debris to sandy silt, silt, gravelly sand, sandy gravel, or silty sand. In most test pits, 

logs, lumber, and debris such as brick, metal, and concrete were observed. In some cases, test pits were 

terminated due to impenetrable thicknesses of buried logs. Such conditions were encountered in test pits 

TP-1 and TP-7. Underlying the fill soils and debris, interbedded alluvial loose to dense sands and soft to 

medium stiff silts, clayey silts and organic silts were encountered as shallow as 3Y2 feet and extended to the 
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bottom of our explorations 80 feet below the existing ground surface. Man-placed fills and organic waste 

should also be expected in other locations on this site, not covered by our exploration program. 

The native materials encountered on the subject site are Interpreted to be of alluvial origin. Alluvial materials 

are characteristically variable in thickness and areal extent, and also vary in consistency and density as a 

result of the dynamic depositional environment in which they accumulated. Our subsurface exploration 

encountered variable thickness interbeds ranging from loose to dense sands and silty sands to soft to 

medium stiff silts, clayey silts and organic silts. Borings and probes which were advanced throughout the 

upper compressible deposits encountered very soft to medium stiff organic silts to about 48 to 52 feet deep 

and medium dense to dense sands from about 49 to 57 feet beneath the ground surface. lnterbedded 

medium stiff to stiff silts and medium dense sands were encountered below 57 feet to the full depths 

explored. Some of the silty layers encountered at depth contained organic matter and are probably of 

organic origin. These materials are considered highly compressible and exhibit long-term secondary 

compression characteristics. The boring, test pit, and probe logs, the Site and Exploration Plan, Figure 1, 

are included with this report for referencing depths and thicknesses of soft compressible soils at the 

exploration locations. 

Man-placed fills were encountered in all of our explorations. These fill materials contained various types of 

soil, lumber, logs, saw dust, ash, concrete, and other debris. Our borings encountered up to 12 feet of man­

made fill containing sawdust, logs, lumber, ash, concrete and other debris. Man-placed fills should also be 

expected in other locations on this site, not covered by our exploration program. 

According to the U.S. Department of Agriculture, Soil Conservation Service, soil survey map of Grays Harbor 

County Areas, the native site soils are described as Udorthents. These soils occur in diked tidelands 

according the SCS. The soil is classified within soil hydrologic group C which indicates the soil has a slow 

infiltration rate when wet and a slow rate of water transmission. 

3.3 Groundwater 

Groundwater was encountered in borings B-1 through 8-8 at approximate elevations ranging from o to 7 

feet or about 7 to 15 feet beneath the ground surface. We anticipate that groundwater elevations would 

have risen to about elevation 7 feet if borings had been left open long enough for water levels to come to 

equilibrium. Moderate groundwater seepage was also observed in test pit TP-3 about 4 feet beneath the 

ground surface. Groundwater levels should be expected to fluctuate to higher elevations on an intermittent 
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basis, and higher during high precipitation periods or years. Fluctuations of groundwater are likely to occur 

as a result of seasonal variations in precipitation, river elevations, changes in site utilization and other factors. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

In our opinion, development as proposed is feasible from a geotechnical standpoint, utilizing pile foundations 

and structural floor support. In their present condition, the site soils are unsuitable for support of 

conventional footings and slab-on-grade floor system without excessive post-construction settlement. Slab­

on-grade floor support would only be possible if the underlying wood debris is removed and replaced with 

structural fill and then preloaded with an additional surcharge. Due to the amount of material which would 

have to be removed and replaced to construct a slab-on-grade floor, as well as constructing a preload 

surcharge, we recommend consideration of pile foundations with a structural floor slab. Even if the slab on 

grade alternative is considered, differential settlement between the building foundations and floor slab would 

be in excess of 1/2 inch which exceeds the specified maximum in the Geotechnical Investigation Report 

Requirements. 

4. 1 Site Preparation 

We understand that about 2 feet of fill will be placed above the existing fill soils to elevate the floor subgrade 

to elevation 14.5 feet. The existing weeds growing in the building area should be bladed flat with a dozer 

prior to placing the fill. In pavement areas, all surficial vegetation should be completely removed. 

At least 14 buildings will be demolished to accomplish construction of the proposed retail facility. We 

anticipate that all or some of these structures are founded on timber piles. Once the buildings have been 

demolished, we recommend that all of the timber piles be pulled and the resulting hole backfilled with pea 

gravel. If pulling the piles is not considered cost-effective, the pile tops should be cut off at least 3 feet 

below finished grade. It is customary to cut the pile butts at an angle rather than flat across the top to 

reduce the effects of settlement on pavement structures. There is a risk of pavement cracking over cutoff 

piles due to long-term settlement. 

We also anticipate that several utilities will require abandonment or relocation. In either case, the utilities 

should be removed, relocated, or abandoned in-place in accordance with applicable State and local laws. 

All trench backfilling should be performed in accordance with the recommendations presented in the 

Structural Fill section of this report. 
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Site preparation and initial construction activities should be planned to minimize disturbance to the existing 

ground surface. We recommend heavy construction equipment be kept off existing soft soils where they 

are exposed or close to the surface. Heavy construction traffic should be limited to areas where the 

structural fill is in place. 

4.2 Structural Fill 

All structural fill placed on the project site as well as that used for trench backfill should be placed In 

accordance with the recommendations herein for structural fill. In our opinion, structural fill placed to raise 

site grades to finish-floor subgrade elevations should consist of imported, granular sand and gravel. 

Structural fill should be placed in loose lifts not exceeding 8 inches in thickness. Individual lifts should be 

compacted such that a density of at least 90 percent of the modified Proctor maximum density (ASTM:D 

1557) is achieved. We recommend that a representative from RZA AGRA, Inc. be present during the 

placement of structural fill to observe the work and perform a representative number of in-place density 

tests. In this way, the adequacy of earthwork may be evaluated as grading and utility construction 

progresses. 

The suitability of soils used for structural fill depends primarily on the gradation and moisture content of the 

soils when it is placed. As the fines content (that portion passing the U.S. No. 200 sieve) increases, soil 

becomes increasingly sensitive to small changes in moisture content and adequate compaction becomes 

more difficult or impossible to achieve. Silty soils containing more than about 5 percent fines by weight 

cannot be consistently compacted to a firm, non-yielding condition when the moisture content is more than 

about 2 percent above optimum. Import granular fill is recommended below all foundations, floor slabs and 

for use in raising site grades and preload fill. The use of clean, granular soils would be necessary for fill use 

to complete wet weather site work in either foundation or pavement areas. We also recommend that 

pavements be underlain by a minimum 18 inch thickness of imported, clean granular fill. Clean granular fill 

soils should consist of well-graded sand with gravel (as defined by ASTM: D 2487) containing less than 5 

percent fines by weight based on the fraction passing the U.S. No. 4 sieve. 

We recommend that clean, granular fill soils as described above be specified for all fill likely to be exposed 

to wet conditions. The specifications should also state that clean, granular fill soils must be capable of being 

compacted to a firm, non-yielding condition at the recommended compaction level during wet weather or 

wet site conditions. 
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In our opinion, it is possible to support the proposed structure on driven-timber or augercast piles. The 

selection of a pile foundation type will depend on time constraints and economics. For lightly loaded 

structures, low capacity ~riven timber piles are most often cost-effective. We have provided driven timber 

and augercast pile recommendations in the following paragraphs for the owners use in evaluating the pile 

foundation options. 

Piles would gain their vertical compressive capacity mainly from side friction between the pile and the native 

soils with some minor contribution from tip end-bearing. All piles should be installed to a tip elevation of 

-36 feet to -40 feet, in order to gain end-bearing support in medium dense sands. We recommend a 

maximum allowable vertical compressive capacity for an 8-inch tip diameter, timber pile of 20 tons. For a 

1 O-inch tip diameter timber pile, we recommend 25 tons allowable capacity. Alternatively, 16-inch diameter 

augercast (AC) concrete piles would provide a maximum allowable compressive capacity of 40 tons. These 

pile capacities include a factor of safety of at least 2.5. If adequately installed, the pile foundations are 

anticipated to settle less than 1 inch, with differential settlements on the order of Y2 inch between pile­

supported foundation elements. The above allowable compressive capacities are based on minimum pile 

spacings of 3D, where D is the average diameter of the piles. If pile groups of more than 9 piles per cap 

are planned, we should be consulted for reductions of group capacity. 

For fixed-head timber piles, we recommend designing for an ultimate lateral capacity of 5 tons per pile for 

a limiting deflection of approximately 1 inch. The depth to zero deflection has been calculated to be 

approximately 14 feet beneath the pile cap. This lateral capacity assumes that structural stiffness of the pile 

cap/floor network prevents rotation of the pile top. We recommend the design criteria be utilized with the 

actual anticipated loads to determine the deflections and maximum moments. These calculated values 

should be analyzed with respect to the tolerable deflections of the structure and the strength of the pile 

material (with a suitable safety factor) to resist the moments and shear. 

For fixed augercast piles, we recommend designing for an ultimate lateral capacity of 1 O tons per pile for 

a limiting deflection of approximately 1 inch. The depth to zero deflection has been calculated to be 

approximately 20 feet beneath the pile cap. 

It should be noted that the above formulations do not contain a factor of safety. Further, a number of 

circumstances can alter the actual deflection values obtained in the field as compared to the calculated 

values as previously mentioned. Pile group action can have an influence. At the minimum pile spacing, 
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actual pile deflections in the group may be almost twice that calculated for an individual pile. The effects 

of group action tend to disappear when piles are spaced 8 or more diameters, center to center, in the 

direction of the load and at three or more diameters normal to the direction of the load. Piles subjected to 

repetitive, cyclic loading may result in deflection magnitudes up to twice that of a pile subjected to a static 

load. For these piles, we would recommend values of lateral pile capacity equal to half of those values 

presented be used to establish lateral capacity design. 

Regardless of the pile type selected, based on our explorations, significant obstructions will likely be 

encountered during pile installation. Nested buried logs were encountered in some of the test pits, which 

in two instances led to abandonment of deeper test pit excavation. Additionally, our explorations 

encountered debris in the existing fill. Where obstructions to pile driving or drilling are encountered close 

to the surface, typically, a backhoe or trackhoe can excavate and remove the obstruction. Alternatively, 

spudding or predrilling may be required to advance through debris or buried logs. 

·we recommend that fills placed to raise building pad grades be completed at least 90 days prior to pile 

installation. Assuming that approximately 2 feet of fill is placed across the entire site, we estimate that 

settlement on the order of 2 inches will occur during this 90-day period. As the upper compressible soils 

and fill materials consolidate and move downward with respect to the relatively immobile pile, the soils 

surrounding the pile impart shear stresses acting downward on the surface of the pile. The result is a real 

additional load, in addition to structural load, known as "negative skin friction", or "downdrag". Downdrag 

loads are anticipated to be minor on the site if the 90-day waiting period is followed. The allowable 

capacities of the piles presented previously in this report have been reduced to account for the effects of 

"downdrag". 

Uplift pile capacity develops as a result of side friction between the pile and adjacent soils. Uplift load 

resistance can be provided by side friction from that portion of the pile embedded in the a medium dense 

to dense native sands and soft to stiff cohesive site soils. We recommend utilizing ultimate uplift capacities 

of 8 and 10 tons for the recommended 8 and 10 inch diameter timber piles, respectively and 20 tons for 16-

inch diameter augercast piles installed to design depth. Uplift capacity for timber piles will likely be limited 

by structural capacity of the piles and pile cap connection. We recommend using a safety factor of 1.5 or 

more depending on loading conditions. These values neglect the dead weight of the pile. The structural 

adequacy of the pile section should be verified to resist the uplift loads. AC piles, in particular, must be 

reinforced to fully mobilize their uplift capacity. 
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All timber piles should be pressure-treated conforming to standard specifications outlined in ASTM:D 25. 

In addition, we recommend a minimum tip diameter of 8 inches for all timber piles. We recommend that 

timber piles be driven with a diesel, air or steam hammer, having a rated energy of not less than 15,000 foot 

pounds and not more than 26,000 foot pounds. Due to the low density and consistency of the native soils 

immediately below existing ground surface, use of a diesel hammer may not be appropriate as continued 

effective operation of the hammer may be difficult. The actual pile capacity should be verified in the field 

based on an appropriate dynamic pile-driving formula. Pile "set-up" should be checked during initial driving 

after a minimum 24-hour waiting period. 

I Augercast piles (AC piles) may be utilized to support the proposed structure. AC piles would minimize the 

potential for high vibration levels in the soils and the resultant risk of damage to adjacent utilities and 

buildings. Due to the potential for increased downdrag loads on AC piles, we recommend that their 

installation be continuously monitored and that capacities be confirmed by load testing. 

11 
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AC piles are formed by drilling to a predetermined depth with a continuous flight, hollow-stem auger. 

Cement grout is then pumped down the auger under pressure as the auger is withdrawn. Reinforcing steel 

can then be installed in the unset concrete column to provide lateral and tension capabilities. Reinforcing 

steel should be structurally designed for lateral and uplift requirements. To provide pile continuity, at least 

one reinforcing bar should be installed the full length of the pile. The contractor should be required to 

stagger the pile drilling and grouting operations, such that all piles within 10 feet of a pile being drilled have 

set for at least 24 hours. We recommend a minimum AC pile spacing of 4 feet on center. 

Since AC pile continuity and capacity are highly dependent upon the specific installation procedures, we 

recommend that installation of all AC piles be observed by a representative of our firm. Our representative 

would observe the contractor's operations, collect and interpret the installation data, and determine possible 

modifications to pile penetration depths or installation, if necessary. Also, a qualified representative 

understands the implications of varying from the established design criteria and would respond accordingly 

to minimize delays. In order to provide an evaluation of augercast pile installations, we recommend that the 

contractor be required to provide a pressure gauge in the grout line between the pump and the auger, and 

a means of determining the quantity of grout used per pile, such as a calibrated stroke counter on the grout 

pump. It may be necessary to periodically confirm the nature of the bearing materials during pile installation 

by withdrawing the auger at selected pile locations to examine the material retained on the auger cutting 

teeth. 
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Augercast pile grouting is especially critical on this site due to the soft soils present at depth. We 

recommend that the piles be grouted uniformly to a volume of at least 130 percent of the nominal 16-inch 

diameter volume, and a head of at least 20 feet of grout be maintained at all times. With the soft soils on 

the site, grout quantities of 150 to 200 percent of the nominal drilled diameter may be encountered. Any 

interruptions in the grout pressure would require redrilling at least 1-foot below the auger tip and regrouting 

the affected interval. Excessive grout take at any one zone, indicative of formation of a grout bulb in soft 

soils or voids in the fill, should be minimized. In extreme cases, this can require the installation of a casing 

or other modifications to the typical augercast procedures. This can be assessed further during a test pile 

program. 

We recommend an augercast pile/driven pile load test program prior to production pile installation. Test 

pile installation data as well as load test data would be reviewed to develop the most cost-effective 

combination of pile length and capacity. We recommend consideration of a combination of compressive, 

lateral, and tensile (uplift) load tests at a minimum of two locations on the site. Test piles should be installed 

for the pile type selected for the project. Pile testing should be completed prior to ordering production piles, 

so that adjustments to pile length can be made, if necessary. 

Compressive, lateral and tensile load testing should be completed in accordance with procedures outlined 

in ASTM specifications D-1143, D-3966, and D-3689, respectively. We recommend that RZA AGRA be 

retained to observe and monitor test pile installation, supervise and perform the load tests, and analyze the 

data collected. A report would be issued following completion of the testing describing and documenting 

test pile installation methods and results, load test procedures and results, and other information as 

appropriate. 

Table 1 presents our recommended test pile program. Test and reaction piles should be installed in the 

same manner as the production piles. Provided the test and reaction piles are installed to the recommended 

depths, uplift capacity tests could be performed on the reaction piles. 

Compressive: 

Lateral: 

Uplift: 

Table 1 

Recommend Test Pile Program 

2 to evaluate bearing capacity at 40 and 53 feet depths (possible 

reductions in design depths) 

1 at any test location if required by structural engineer 

1 at 40 feet depth if required by structural engineer 
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We estimate the long-term consolidation of the soft organic silt and clayey silt layers beneath the fill, long­

term settlement could be on the order of 3 to 4 inches or more. A slab-on-grade floor could experience 

significant cracking and warping due to both total and differential settlement resulting from this anticipated 

consolidation. We therefore recommend utilizing a structural floor slab with the building proposed at the 

subject site. The floor subgrade area should be prepared as described in the Site Preparation section of 

this report, and structural fill should be placed and compacted as described in the Structural Fill section . 

Disturbance of soils beneath the floor area and grade beams should be minimized, to the extent possible. 

Typical pile installation procedures and construction methods often create widespread disturbance of soft 

subgrades, and some remedial earthwork should be anticipated prior to casting the floors and grade beams. 

This could include removal and replacement of soft or disturbed, wet soils with structural fill , placement of 

a working surface of gravel, quarry spalls, or possibly placement of a lean concrete mud slab. During dry 

site conditions, we anticipate that slabs can be cast atop a gravel layer placed after removal and 

replacement of excessively soft soils. · 

Provided the floor subgrade soils are not disturbed after construction of the grade beams and structural 

floor, some passive pressure resistance will develop against the grade beams. We recommend using a 

maximum allowable passive pressure of 150 pcf against the grade beams neglecting the upper 1 foot of 

embedment. 

4.5 Capillary Break 

We recommend that floor slabs be founded on a minimum of 6 inches of clean granular structural fill to 

serve as a capillary break. Capillary break material should have less than 3 percent fines based on that 

fraction passing the U.S. No. 4 Sieve with at least 30 percent retained on the U.S. No. 4 Sieve. An 

impervious moisture barrier should also be placed between the floor slab and the capillary break. 

Capillary break material should not be placed on disturbed soils which may allow the material to settle and 

mix with the disturbed soil. This would reduce the effectiveness of the capillary break and possibly create 

moisture problems in the floor slabs. 

4.6 Pavement Design 

It must be recognized that pavement design is a compromise between high initial cost and little maintenance 

on side and low initial cost coupled with a need for periodic repairs. As a result, the owner will need to take 
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part in the development of an appropriate pavement section. Critical features which govern the durability 

of the surface include the stability of the subgrade, the presence or absence of moisture, free water and 

organics, the fines content of the subgrade soils, the traffic volume, the frequency of use by heavy vehicles 

and In this case, the possibility that piling from existing or previous structures may be beneath the pavement 

section. 

The on-site native soils are highly silty and exhibit low subgrade support characteristics when saturated even 

if initially compacted to a high degree. Based on in-situ cone penetration and SPT tests of the near-surface 

soils, and on laboratory tests performed on a representative soil sample, we have assigned a design CSR 

value of 1 percent for the near-surface native soils in an undisturbed state. Imported granular fill is 

recommended for pavement subgrade support. We do not recommend utilizing native soils as pavement 

subgrade. 

Based on the information provided us, standard duty pavement design should be based on a 20-year life 

of approximately 11,279 equivalent 18 kip single-axle loads. For heavy-duty pavement sections, a 20-year 

traffic volume of 30,697 equivalent 18 kip single-axle loads has been specified. Using the ~esign criteria 

contained in The Guide for Design of Pavement Structures by AASHTO (1986), the structural number (SN) 

used for design of heavy duty asphalt pavement (20-year design life) would be 3.2 and 2.7 for light duty 

pavement design. 

Although a variety of pavement sections could be utilized, we recommend a minimum asphalt concrete 

thicknesses of 3 inches underlain by a minimum of 6 inches of crushed aggregate base over 13% inches of 

property compacted clean, granular subbase fill for heavy duty pavement sections. For light duty pavement 

sections, we recommend 3 inches of AC pavement over 6 inches of compacted crushed base course over 

9 inches of compacted sand and gravel subbase. The 3 inches of asphalt in the light-duty section will 

provide additional durability even after the pavement has experienced some settlement compared with a 

more typical 2-inch thick section. We understand that imported subbase soils will actually be thicker than 

we recommended. A 2-inch thick asphalt section would probably be structurally adequate until settlement 

occurs. The thinner 2-inch asphalt section will more likely require additional maintenance than that of a 3-

inch thick asphalt section. The actual pavement design selected should consider the subgrade material 

provided for support and may best be made after design site grades are finalized. 

The pavement recommendations presented above are based on the characteristics of the subgrade soils 

and should perform as expected with respect to pavement support. However, over the life of the pavement 
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we expect the site to settle several inches. Settlement of this magnitude typically causes "birdbath" type 

depressions in the surface, altering surface runoff patterns and ultimately causing cracking. As the site 

settles, abandoned piling will begin to cause distress in the pavement which will manifest itself by cracking 

and warping. This will increase the long-term maintenance costs for the pavement. 

4. 7 Seismic Criteria 

Seismic design of the structure requires the selection of a numerical coefficient of soils structure iteration, 

designated ·s· in the 1991 edition of the Uniform Building Code, Section 2333 (b,c,d). Based on the soil 

conditions encountered at the borings at the site and public published geologic mapping, we recommend 

the use of an S factor equalling 2.0, as specified for Soil Profile Type S4 in the 1991 Uniform Building Code. 

Soil Profile Type S4 applies where 40 feet or more of soft clay is present. Based on Figure 23-2 of the 1991, 

USC, it appears the site is located within Seismic Zone 28. 

Detailed liquefaction analyses were not included in the scope of work for this project, and would not typically 

be undertaken for a project of this magnitude in this region. Our subsurface investigation, however, 

indicated the presence of loose to medium dense, saturated, silty fine sands and silts below the water table, 

which are commonly encountered in alluvial valleys in the Puget Sound region. There is a potential for 

liquefaction of loose sand deposited below the water table during a seismic event of sufficient magnitude 

and duration. Due to the predominately silty nature of loose deposits on this site (with relatively high fines 

contents), the liquefaction potential appears to be limited, and is considered lower than other alluvial sites 

across the state, including the Ports of Seattle and Tacoma, and the Auburn-Kent area. Liquefaction risk 

decreases with increased density, and the capacities of the pile foundations recommended for support of 

the structure are not expected to be adversely affected by liquefaction. 

4.8 Drainage and Utility Considerations 

Prior to construction, any site surface water should be routed away from the construction areas as much 

as possible. We recommend that buildings be provided with a perimeter footing drain system to collect 

available water. Footing drains should consist of at least a 4-inch diameter perforated pipe with an envelop 

of pea gravel or washed rock. The drainpipe should lead away from the buildings via gravity to a storm 

sewer or other suitable discharge. Site grades should be planned to slope away from the buildings. Roof 

and surface runoff should not discharge into the footing drain system. Instead, a separate tight-line drain 

network should be Installed or splash blocks may be used. It should be noted that perched water may 

develop on portions of the site that could adversely effect pavement life. Once grades are set, we should 

review the plans to see if subsurface drains would be appropriate in these areas. 
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Settlement-sensitive utilities beneath the building could be suspended from the structures. Soil loads on the 

pipes could be estimated by RZA AGRA when depths and diameters are available. Soil loads can be 

significant, especially with deep pipe burial. If It is necessary to reduce soil loads, lightweight backfill or 

possibly no backfill could be considered as alternatives to conventional burial. in our opinion, conventional 

burial would consist of overexcavating a minimum of 1 foot below bottom of trench elevations and 

constructing a pipe foundation with imported granular soils. The actual amounts of overexcavation will be 

a function of the pipe burial depth, the type of exposed subgrade soils, and the type of pipe to be installed. 

Based on the type of soils encountered in our explorations, we estimate that pipe foundation fill soils could 

be as thick as 2 feet. 

Based on the groundwater conditions at the time of our explorations, utility trench excavations which extend 

below about 4 feet from existing grade may encounter seepage. Deep excavations may require dewatering. 

Dewatering should be the responsibility of the contractor on this project. 

Even with the trench bedding recommendations presented above, some settlement of utilities should be 

expected to occur. Therefore, we recommend that all utilities which drain by gravity be constructed at a 

steeper slope to minimize the potential for loss of flow gradients within the pipes. 

5.0 CLOSURE 

The conclusions and recommendations presented in this report are based on the explorations accomplished 

for this study. The number, locations and the depths of the explorations were completed within the site 

constraints so as to yield the information to formulate our recommendations. The integrity of the proposed 

project depends on proper site preparation, foundation construction, and earthwork. We would be available 

to provide geotechnical engineering services during earthwork and foundation phases of the project. We 

would also be available to provide inspection services in accordance with the owner's standard specification 

requirements. If variations are observed at that time, we would be available to provide additional 

geotechnical recommendations so as to minimize delays as the project develops. 
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It has been a pleasure to provide you with this information. If you have any questions or require further 

information, please do not hesitate to call at your convenience. 

Respectfully submitted, 

RZA AGRA, Inc . 

Project Geotechnical Engineer 
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nie field exploration program conducted for this study consisted of advancing a series of hollow-stem auger 

borings, Dutch Cone penetrometer probes, and backhoe-excavated test pits. The approximate exploration 

locations are illustrated on the Site and Exploration Plan, Figure 2. The locations were obtained in the field 

by taping from existing site features. The locations should be considered accurate to the degree implied 

by the method used . 

Hollow Stem Auger Borings 

The borings were drilled between 29 and 30 July 1992 by a local exploration drilling company under 

subcontract to our firm. The borings consisted of advancing a 4-inch inside diameter, hollow-stem auger 

with a truck-mounted drill rig. During the drilling process, samples were obtained at generally 2 1h or 5 foot 

depth intervals. The borings were continuously observed and logged by an engineering geologist from our 

firm. 

Undisturbed samples were obtained by pushing a 3-inch outside diameter, seamless steel Shelby tube into 

the soil by the hydraulic system on the drill rig in accordance with ASTM:D 1587. Since the thin wall tube 

is pushed rather than driven, the sample obtained is considered relatively undisturbed. The samples were 

classified in the field by examining each end prior to sealing with plastic caps. The samples were then 

transported to our laboratory where they were extruded for further classification and laboratory testing. 

Disturbed samples were obtained by using the Standard Test Procedure as described in ASTM:D 1586. This 

test and sampling meth~ consists of driving a standard 2-inch outside diameter split barrel sampler a 

distance of 18 inches into the soil with a 140 pound hammer free falling a distance of 30 inches. The 

number of blows for each 6 inch interval is recorded. The number of blows required to drive the sampler 

the final 12 inches is considered the Standard Penetration Resistance ("N") or blow count. The blow count 

is presented graphically on the boring logs in this appendix. If a total of SO blows is recorded within one 

6 inch interval, the blow count is recorded as 50 blows for the number of inches of penetration. The 

resistance, or "N" value, provides a measure of the relative density of granular soils or the relative 

consistency of cohesive soils. 

Static Cone Penetrometer Probes 

Seven static cone penetrometer probes or Dutch cone tests were performed for this project between 29 and 

31 July 1992 by a local exploration company under subcontract to our firm. The equipment used for this 



test consists of a cone and friction sleeve which are advanced hydraulically by rods reacting against a drill 

truck. The static cone penetration test Is performed as follows: 1) the cone is pushed down by an inner 

rod and the point resistance is recorded; 2) the cone and the sleeve and are then pushed and their 

combined resistance is measured; 3) the cone resistance is subtracted from the total resistance to provide 

the frictional resistance. A direct correlation between point resistance and the bearing capacity of the soils 

is obtained. The relative density or consistency of the soil probed is empirically related to the cone 

resistance. Comparing the cone bearing capacity and the friction ratio (sleeve friction/cone bearing) 

provides and interpretive soil classification based on the Dutch Cone soil classification chart prepared by 

J.H. Schmertman, 1969. The descriptive soil interpretations presented on the static cone penetrometer 

probe logs have been developed by using this classification chart as a guideline. Modifications to the 

classifications were developed according to correlations of soil types disclosed in the adjacent borings 

performed on the site and careful interpretation of the probe results. The detailed interpretive logs of the 

static cone penetrometer probes accomplished for this study are presented subsequently. 

TEST PITS 

The test pit exploration phase of the program consisted of eight test pit explorations (TP-1 through TP-8), 

excavated by a rubber tired backhoe provided by Bill Sell Trucking and Excavating of Aberdeen, Washington 

under contract to RZA-AGRA on 31 July 1992. These test pit excavations permitted a detailed evaluation 

of the character of the shallow subsurface soils underlying the area where the proposed building and parking 

lot are to be located. Also, they are more representative indicators of true near-surface character than soil 

exploration drilling since they allow a continuous visual observation of all soil layers encountered. 

Each test pit was continuously logged and observed by an experienced engineering geologist from our firm. 

In-situ strength and quality attributes of materials encountered were estimated by our field observer based 

on experience with similar soils and the difficulty incurred during excavation. Relative density estimates are 

presented parenthetically on the test pit logs since the densities are not based on the actual SPT 

blowcounts. Representative samples of the soils in the test pits were retrieved, classified in the field and 

transported to our laboratory for a detailed evaluation and classification. The test pit logs are presented in 

this appendix and the soil descriptions are based on the inspection of the samples secured, field logs and 

laboratory test. 
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MOIS1URE CONTENT 
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LEGEND 

I 2-incb OD split-spoon sample 

.Y_ Groundwater level 
All) al time of drilling 

Drilling started: 29 July 7 992 Drilling completed: 29 July 7 992 

Plastic limit Natural Liquid limit 

RZA AGRA,Inc 
Engineering & Environmental SeNices 

11335 NE 122nd Way, Suite 100 
Klrkland, Washington 98034-6918 

Logged by: 7DW 
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Proposed Retail Store 
PROJECT: Aberdeen, WA 

SOIL DESCRIPTION 

w.o. W-8407 BORING NO. 8-4 
i 8: ~; ~ ~ STANDARDPENETRATIONRESISTANCE :;~e 1 

~ ~ ~ 8 < _A,. Blows pa foot 
Approximate ground surface elevation: 72.4 feet ~ ...,, z ~ ~ 0 • 1o 20 >a ~ so TESTING 

~ 0 -+-------------------------------------~i----t----+-----,--,..--,--~~,;.--.~.;,;;...--.~.;;;-...... ......;;,;..;;..;;;.;;.;.;;.;~ 
I I I I 

I 1 I I 

··---~----- -----: ...... -----:----- -----:----- ----·~--·--
• I I I . . . Dense, dry to damp, brown, sandy GRAVEL (RI/) 

I I I I 

• • •••r••••• ••••-'-•••• ••••••••• •• ••••••••••• ••••••••••• 
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: : ~ oti :'---1--. ; • 
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-----~----- -----·----- ......... .1 ............ , . ...... ----L. ....... . 
I I I I / I 

: : : : ...... : 
1 I I j..... I 

- 5 - - --

----~---------------------------------------

• 10 • 

Very loose, saturated, black SAND with some silt 
(FIii) 

-

----~---------------------------------------

• 15 -

Medium stiff, wet, dark gray, SILT with trace wood 
chips 

Boring terminated at approximately 
74 feet 

-

[ S-2 

S-3 

- 20 - -

- 25 • 

I I I ; 7 1 I 
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•••• •••••• •••••' •••• •••••"•••·'" .......... L ......... •••••'-••••• 
I I I I I 
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···~ ~···· ····:···· ·····(··· ·····;····· ····cb2j·4 J LL=89 
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I I I I I 

I I I I I 
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• I I I I 
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I I I I 

I I I I 
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LEGEND 

I 2•incb OD split·•poon sample 

~ Groundwater level 
ATD at time of drilling 

Drilling started: 29 July 7 992 

0 10 20 30 

Drilling completed: 29 July 7 992 

Plastic limit 

MOISTURE CONTENT 

• 
Natural Liquid limit 

RZA AGRA, Inc 
Engineering & Environmental Services 

11335 NE 122nd Way. Suite 100 
Klrkland. Washington 98034-0918 

Logged by: 7DW 
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Proposed Retail Store 
PROJECT: Aberdeen, WA 

SOIL DESCRIPTION 

Approximate ground surface elevation: 73.S feet 

Medium dense. dry. dart< gray, crushed gravel 
(FIii) 

t----+-- - - -- - ------ - ----- -- - - - - -- -- -

w.o. W-8407 BORING NO. 8-5 
i ~ ~ ffi ~ ~ STANDARDPENE'IRATION RESISTANCE =:~e 1 

~ ~ ~ I ~ ~ o ,o A 20 Blows S:,foot "° ao TESTING 

' ·--.J----
' ' ' 
' ---1----, 

' ----t .. •• -·--:-·- -
' ' 
' -- ............. ... 

-... --:· ... --
' ' ' 

Loose. wet, green-gray. SAND (FIii) [ S- 1 

t----+------- --- --- -- --- - - - -- - --- ---

' ' 

:::r,: ' ................... 
' ' ' ' ' ---~·--·--·-~·· ... 

' ' ... ........ ,.. ......... .......... , ........... 
' ' 
' ' --- ·~--- ···-~-·· 
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- --
' ' ' 

' 

- 5 -
Cuttings are wet slff and sCJW'dust (Fil() 

1----1-- - -- -- - -- - ---- - - - - - - - -- - - - - - -

Soft. saturated, r,ay. clayey SILT wlftl some 
organics (Native) 

~ ~:::: 
S-2 

,..., __ -·-·--------~- .. -: ' 
' 
' ' ...................................... 
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.................... 
' ' 

----,- --... 
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----:-- ..... 
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- 10 • Boring terminated at approximately 
9feet 
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• 15 • 

-

• 20 -

"'25 • 

-

LEGEND 

I 2-inch OD splil-gpooo. &ample 

.Y_ Groundwater level 
ATO at time of drilling 

JI 
c;;;;;, 
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-

3-io<:h OD Dames & Moore sample 
using 300 lbs. Hammer 

Consolidation test 
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MOISTIJRE CONTENT 

• 
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' 
' 
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Plastic limit Natural Liquid limit 

RZA AGRA, Inc 
Engineering & Environmental Services 

11335 NE 122nd Woy, Suite 100 
Klrkland, Washington 98034-6918 

Drilling staned: 29 July 7 992 Drilling completed: 29 July 7 992 Logged by: TDW 
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Proposed Retail Store 
PROJECT: Aberdeen, WA w.o. W-8407 BORING NO. 8-6 

~ SOIL DESOUPTION ~ ~ ffi ~ ~ STANDARDPENETitATIONRESISTANCE ::;e 1 

;i ~ ~ ~~ i ~o ~ 
0 

.A. Blows per foot 1-------1 
- Approximate ground surface elevation: 7 2.7 feet -· i- -· 2: ~ 10 20 • ..., 90 TESTING 

- 0 -+---------------------------------------1~-+----+----+-..... --r---....;;~--....:;;:....--...:;:~--.... -==::..:.::.:.::.J 

Dense, damp. brown, sandy GRAVEL (FIil) 

- 5 - -
~--t-- - ---- - -- - -- ---- -- -- - - - - - - - - -

Logs. wood debris. and gravel (Fill) 

"" 10 • -

1---+-- ---- - - - -- - --- -- - - - - -- - --- - - -

Soft. wet grading to saturated. dart< gray SILT with 
trace organic material (Native) 

I S-7 

--

--
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' ' ---,---
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I I/ I I 
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1 / I I ..... . ' :t~•-•• I I 

' - -~---- ---i--- ----,---
' ' ' 

----,---· 
' . . 

. 
' . 

----"----
' . 
' ' 

--(~7)4 • 
·-- -:- ---

' 

il P-7-~ _ +---
- 15 • 

- ' --·~--------,...---
' 

' --- -,-- ·-. 
_l S-4 J~: 

::r -

- 20- - -

:::j\ 

' . ---~------·-~---. ' . ' 
' ' 

' --·,--- ----r---

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

-- --~--· 
' ' ' 

' ' ----.----

---:--------: --- ----:----
' ' 

-·-~----
' ' ' ----.--·-
' ' ' 

' ----,----

--·-:----
' ' 

. - Loose, saturated, dart< gray. silty SAND with trace S-S I ~-----------------------------1 
_ woodchips and sawdust : J ~ ! 

' 

- 25 • - -

--
Becomes medium dense 

P-2 

---,--· ----,...--- ----~--- ----.·---

' --1--- ----~--· , 
' 

. - -,- -- ---- :----
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' J ...... 
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' ' ' ----,--·-
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--- -:- ---

----~- -- --------

m 
.it 

-
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-

-

- 30 .._~~~~~~-(c_o_n_Hn_u_ed~~~~~~~~~~--"T ....... -....;;;.s-~6;;;....~-+-~ ...... ..i....-..~ ...... ..i.......i.._: ...... ..J.... ....... :._J.-~~-I 
0 10 30 60 

LEGEND 

I 2-inch OD split-spoon sample 

~ Groundwater level 
AID at time of drilling 

Drilling started: 30July 7 992 

MOISTIJRE CONTENT 

• 
Plastic limit Natural Liquid limit 

TI 3-iocb OD Shelby sampler 

.W:. Hydrometer analysis 

Drilling completed: 30 July 1992 

RZA AGRA, Inc 
Engineering & Environmental Services 

11335 NE 122nd Woy, Suite 100 
Kirkland. Washington 98034-6918 

Logged by: 7DW 
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PROJECT: 
Proposed Retail Store 
Aberdeen, WA 

SOIL DESCRIPTION 

w.o. W-8407 BORING NO. 8-6 
i ~ ~ ; ~ ~ STANDARDPENETRATION RESISTANCE ::;e 2 

t < t: < ~ ~ ~ A BIOWI per foot 
Approximate ground surface elevation: 12. 7 fee .,, .,, z o _.. 0 10 20 • .a '° TESTING 

_3~ty-~~~-~~---------------- _ LJ_ 5-6 ___ J, ____ i ~.--- :• : __ ..._ V--1 : : : .. 
Soft, saturated, dark gray, SILT with some ' : : : , 

sand and trace organic material [ C"

7 
_ 

1 
____ ::::,::: ::::~.· ::: ----~-- - ----~---

~ ; : ·-I I : ! 
- -:---- ---:--- ----:--- ----:--- ----~---

.. 35 - - --

.,_ __ 
P-3 

-------------
... 40 - Become medium stiff 

..,_--+--- ------ -- - ------ - -- - - - ------
Very soft, saturated, dark gray, sandy SILT 

... 45· - - --

1 : : 

--\---­
___ \- ... 

' ---, ---
' ' ' ---.J- --

' ' ' 

' ---,-·-
---~-- .. 

' 

' ' ' ' ••••T••• ----i·-- •••-1•••• 

: : I 

' ' ' ----·--- -------- ----~---
' ' 

---~--- ----~--- ----L--1 ---~J~-, ' ' 
: : : I 

---t--- ----~--- ----~--- ----~---
' ' ' ' ' ' ' ' ' 

(p7)4~ 
' ' ' ···1· -- ---,--- ----r••• ----r··- ·---~---

· ··r; __ ___ l ___ ____ l _______ L _______ l __ _ 
I I I I 
I I I I 

I I I I 
I I I I 

••• •• • • •4••• ••••r••• ----~--- -••-,-••-
I I I I 
I • I I I 
I I I I 

--- -- ---~--- ----: --- ----: --· ----:----
• I I I 
I I I I 
I I I I l' ' ' ' ' I I I I I 

I I I I I 
1 I I I l -- , .. ...... ---,--- ---·r·•• ·---r·-· ---~-- --
, I I I I 
I I I I t 
I I I I I 

- ~---- ---t--- ----~--- ----~--- ---~----
' ' ' ' ' ' 

LL=68 
P/=29 

](···· ···1--· ----~--- ----~--.- ---t··· ~ fi 
I I I I I~• 

---~~-- ---~--- --·-:.--- ----:---- --·-:----
- 50 -

---------------------------------

- 55 -

Medium dense. saturated, black SAND with some 
silt 

-

[s-7G 

--

' ' ' 
' ' ' 

"' ,, 
I I ' I 

---~---- ---~--- -:.---~--- -- --~--- ---~----
' ........ .J ....... 

----,----
' ' 

• ,, I 

:,.. ' 
·---: -' ----: --- --·-:----

' '' I -...; I 

"BJ6~- - E"" ---~ -:...__ -- - ~- - - ... 

o...emati:;:~• : A : 
I I I I I 

, ,. ': I i 
:, 

,: I 

---~---- ---~--- ----~--- .... l.~--- ---~----
' I I : I 

I : : I : : ---~---- ---·--- ----~--- ~---~--- ---~----
• I I I 

-

-

-

~ 60---------(c_on_t_m_u_ed) __________ IT ___ s-__ ,_,......_~ ....... ::_:_j:_:· __ :_:_:_::_i:_:: ___ ::_:·_:~_:-___ ' -_~_::_f_::_:_·_-_--_i-_--_·+-----t 

0 10 20 30 40 

LEGEND MOISTIJRE CON'IENT 

• 
Plastic limit Natural Liquid limit 

I 2-inch OD split-spoon sample .II 3-inch OD Shelby sampler 

y Groundwater level f1T Hydrometer analysis 
AID at time of drilling .Im. 

~ Consolidatton test e Grain size analysis 

Drilling staned: 30Ju/y 7 992 Drilling completed: 30 July 7 992 

RZA AGRA, Inc 
Engineering & Environmental Services 

11335 NE 122nd Way. Suite 100 
Kirkland. Washington 98034-6918 

Logged by: 1DW 



II 

-

Proposed Retail Store 
PROJECT: Aberdeen, WA w.o. W-8407 BORING NO. 8-6 
i: SOIL DESCRIPTION i ~ ffi ~ ~ STANDARDPENE'IRATION RESISTANCE Page 3 

~ 1 7 ~ If ~~ i ~;:: o ,a .A. 2DBlowaP:.foot •ft t-o_f_3 __ --t 
..... - Approximate ground surface elevation: 7 2. feet •. ~ •. z .., ... _ _ so TESTING •60-------_.. ____ _.. _______ _.. _______ _.. ____ --+---+---+---,--,,--,----....,..-,.---r-----,,;.--...-.;,;------1 

:::i::: V:L Medium dense. saftlated. block. silty SAND ·--~---- ----~--- ----:----
' ' ' ' 

---~----
' 11 1 •• ~'1": 

!;;- 7::_ ---,-- -- ---,~-----,--- ----r--- ----~--- ~ 
i-----1i.-......................................................................... 1 ........ : ....... 1 .. ~ ..... : .......... !. 
.,. 65 -

• 70 • 

.,. 75 -

• 80 -

• 85 • 

Boring terminated at approximately 
64 feet 
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' 
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' 
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' 
' ' -·--~---
' ' ' 
' 
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' ' 

' ----.----
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' 
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' ' ----.·---
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-

~ ~ 9Q..._----------------------------------------...._ __ ....., ___ _._ ____ +0--..._ __ 1~0-..:...--20.._....__~30---'---'°..:...--.._~SCI-------~ 

MOIS11JRE CONTENT 

• 
I 

I 

LEGEND 

I 2-iuch OD split-spoon sample 

~ Groundwater level 
ATD at time of drilling 

Drilling started: 30Ju/y 7 992 

Plastic limit Natural Liquid limit 

II 3-inch OD Shelby sampler 

e Grain si.z.c analysis 

J;[ Hydrometer analysis 

Drilling completed: 30 July 1992 

RZA AGRA, Inc 
Engineering & Environmental Services 

11335 NE 122nd Way, SUlte 100 
Kirkland. Washlngton 98034-6918 

Logged by: 1DW 
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Proposed Retail Store 
PROJECT: Aberdeen, WA 

SOIL DESCRIPTION 

Approximate ground surface elevation: 14.0 feet 
.. 0 

Medium dense, damp, gay, GRAVEL (F/10 

i--~-t----------------------------------------

.. 5 -

.. 10 -

,_ 15 -

~ 20 -

,_ 25 • 

Loose, wet, glossy black, wood or coal cinders 
and ash (FIii) 

. Becomes very loose. saturated 

Boring terminated at approximately 
9feet 

LEGEND 

I 2-inch OD split-spooa sample 

~ GroundwatcT level 
AID al time of drilling 

-

-

-

w.o. W-8407 BORING NO. 8-7 
STANDARD PENETRATION RESISTANCE 

~ Blows per fooc 

Page 1 
of I 

10 20 IOTESTING 
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SOIL DESCRIPTION 

Approximate ground surface elevation: 12.0 feet 

Medium dense, moist, dark gray. sandy GRAVEL 
(Fill) 

-------------------------------------- "\LI Soft. wet, brown, orQanic SILT (Native) ,& 

- 5 • 

- 10 -

- 15 -

- 20-

- 25 -

-
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organic materld (Native) 
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I '<.. <,/ C ,tA '2. :: .0( Bc..-r 

V&ndehey Soll txplorat1ona h in the bua1n••• oC aot.l u:plor&t1on .and teal drilling, .and h not a. aoib consult1n,: 
tlnL Th• Hrvlces perf'oraed by V.&ndflhey Soil Explorations consist or .soil explon.Uon and obt.alnlng anll. tut data. 
by use of the ·Dutch Cone Penetro•eter• a.n..1 conventbnAl lest dr\11\1\8 and Vandehey Soll Exploratlon& wa.rrar.ts only 
that iU so\\ nplor~tion uM1 testin« e<iuipfllent ls i.n aroner a nd good ooeni.tlni o:der, lhilt proper opera.ting procltduna 
for uae or the ·ou tch Cone PenetrC1111eter• and test dr\ llln11 equi~t!nt .an i •ple•u1tr1 \ n the use of said e&chinea, ~ 
that ttab rea1.inf:S a.re accura.t!ly reportt!d. No nllance should be placed on soil lnterpr~t\ve conclusions arrived 
&l by Soencer Van,1ehey a.nd Vandehey Soil Explorat\ona but nlher. all. data reportf'd shoulrl be revhwed and interpreted 
by q~Hf.\ed ao\l eni i neen. 
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Vandehey Soll E:q,lorat1ons 1a ln the bus\neas or aoil uplor.ilt10n a.nd teat drU U nc, a.nd 1s no t a eolla consul t.1 nc 
f1ra. The Hrv\ces perf'or,11,ed by VAndf!hey Soil E:xpl o raUons consist of ,otl exploration a.nd obt.alni!'lg etiD t est datA 
by use or lh• ·Dutch Con• Penetro•eter• a.nrt conventi:Jnal t es t dr\ 11 \na: a.nd Vandehey Soll £xplora.t1 on& WArn.nts only 
that lt.s soil explowl\on &nd testin~ eriuipt1ent \s ln proner and ~ood orierallng o:-der. that proper o~rallng proc9dures 
tor uae of t.he "Dutch Cone Penet.ro111eter• a.nd tut drl l Hn« e4u .l pt11,e nt ar~ i •ple•ente-1 ln th• 11:,e o ( s.id • &Chines, ~ 
that !\au rea1\nf;S are a.ccu ra.t!!\y reported. No r•l lance sho uld be placed on so1 l lnterpr,.ti ve conclus\ons a rrived 
at by Soencer Val'Y1ehey And Yan:1ehey Soll Exploratlons but rattler , i.ll data reporte>d anoulrt be rev\eweJ and lnterpre ted 
by riu.&Uf\ed aoil en~lneen. 
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Vandehey Soll £xplocat.1ons is l n the buslneaa of ao i.1 explont lon and lHt. dril Ung, •nd l s not a. aoih consultin,& 
dra. The services p,erfooied by Y.a.nd~hey Soil Cxplorationa cons ht of soil explontlon and obtaining anll tHt da.ta 
by use of the •Dutch Cone Penetro•eter'" and convenl i~nftl t est drllllng ilnd Vandehey Soil bplora.t.\ona ~ rrar:ts on ly 
th&t it. :soll exnlor.:..t \ on a.nd tesl.\n'f equipr,utnt ls tn nror>er and ,!Ood ooera.tln,c o:"d.er, t.hilt proper o~ra.t1n8 pr ocedures 
f or uac o! the "Dutch Cone PenetrC\,r,ete r " a.nd test dri 11\n,i; equiPf"~nt an i apleaentc1 i n the use or said aach\ nes, .).nc1 

th.1.t tlat..1. rea'1in,:s are .accura.tdy reported . Ho rPllance should be placed on soil lnterpr•ttve concluslona arrived 
at by Spencer Vanrtehey and. Vanrlehey Soil Exploral\ons but ratner, ,1. ll data. reportN snoulrt be reviewed and interpreted 
by riu.. l\f\ed eoil enRineen. 
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Vandehey Soll !xplocati,,na la i n th• bu.l neaa or aoll uploratlon a.n4 tHt drU Ung, .. nd la not & aolla consul Ung 
ftra. 'nl• aervlcea perfoned. by V.ndfl!hey Soll Exploration• consist of so\l exploration and obt&lning •nil teat data 
by uae of the •O\Jt.ch Cone Penet ro•eter• .. net con"entl~nal ~est dr\1 1\ng a.nd Vandehey So\l Explor .. Uona ""9.rrant.s only 
tha t it. so11 explowtlon a.nd testing equ\P'ent \s ln proner anrl 11:ood or,eratl.ng o?der, tMt proper operati ng proc.clure• 
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that rtat..1. rea'11nis are ii.c cura.tely reported. /to nl\ance ahould be pla.ced on soil lnt.erpr~tt ve conclur.lona arrived. 
at by St,encer Vantehey an~ Vanrtehey Soil Exp l orat\ons hut r.a.lher, •ll data. reportN ahoulit be re"hved and 1ntet""pret.cl 
by qu..llf\ed aoil en« l neers. 
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Vandehey Soll £xplorat1ona ls 1n th• bus1neas of' ao\1 explon.t1 :,n and teat drUUng, and la not a solb consul tin« 
dna. The .nrvlces perlonu~d by V&.nd~hey So1l b:plotationa con:i.lst o r sol.1 uplon.t.lon and obta1n1n4 enil teat data. 
by Wle of the ·Dutch Cone Penetro•eter'" and con'llent b nal t est dr\ll\n« and Vudehey So ll Explorat.iona warrants only 
tha.t. \t.a aoil uolor;;.t\on a.nd te:slln,; e-t1u\f)lllent i s \n nroner a.net good onerat\.ni o!:"dn·, th.l.t proper o~ra.ttns proceduns , •--' I for uao o( t.he '"Dutch Con• Penetrc;,11et.er'" and tt" :s t. drt lllni e,i.iuipt111~nt are i.11ple•antc1 i n the use or s..ld 11&ch\nea, ~nd 

that ct&t..J. na11np, a.ne a.ccun.tdy reported. No reillance should be placed on soil lnterpr,otive conclusion:. &rr\ved. 
at by Spencer Varrit'hey an.:! Vanrtehey So1 l Exploratlons hut nther, all data reporttd shoulrl be revloed and i nterpret~ 
by '\1.&&l\f\f'd aoll ~ngl neers. ... 
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Va.nd.eh•Y Soil Exploratlona b 1n the buatnesa of sotl exploration and teat drUUn1, and h not a •oib coneultlna: 
!\.?IL Th• services perfonaed by VUldf'!hey Soll Explorat ions consht or so\l o :plontlon and obUining enll test datA 
by ua• of the •OIJ.tch Cone Penelrc•ete r'" and convent l:>nal lest drllllns and Vandehey Soil £xplor.Lt1ona .,..rrants on ly 
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that rtaU N.i1inf:S .are accurately rer,orted. No rrllanc e should be placed on so11 1nterpr,.l ive c onclutiiion$ arrived 
&l by Soencer 'lan-1ehey ~ Vanr1 ehey Soil bploralt ons bul rathe r, all data reportPd sho ulrl be revhwed and lnterprettd 
by 1u..Ht\ed •oll engineer.,. 
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dl'II. Th• H rvicu perf'oned by Va.nd.f!hey Soll Explorations consist of soil explon.Uo n and obt.&1n1ng aoU teat dale\ 
by u.ae of the •Out.ch Cone Penetroae ter'" ia.nd. convent.l:Jna l lest dr \ l l \ne: a.nd Vandehey Soll Explon.t.1ons warrant.s on l y 
th&t it.a so i l exl) l owt\on &nd t.e s ll~ equ\p,1en t l s \n c,roner a.net aood or,en.t\ni o!'d.er , lhat proper opera.ting pr ocedur.s1 
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Depth {feet) 

0.0 - 2.0 

2.0 - 6.0 
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2.5 - 3.5 

3.5 - 10.0 

0.0 - 1.5 

1.5 - 2.5 

2.5 - 4.5 

4.5 - 7.0 

7.0 - 10.0 

TEST PIT LOGS 

Soil Classification 

Test Pit TP-1 

Approximate ground surface elevation: 29 feet 

Medium dense to dense, damp, brown, sandy GRAVEL (Fill) 

W-8401 

Wood debris, bark, wood scraps, 1 to 2-foot diameter logs and other wood debris (Fill) 

Refusal due to logs at 6.0 feet. 

No caving observed 

No seepage observed 

Test Pit TP-2 

Approximate ground surface elevation: 11.9 feet 

Medium dense, damp, light-brown, sandy SILT (Fill). 

Soft, wet, black organic SILT (Fill). 

Sawdust fill. 

Soft to very soft, wet to saturated, gray SILT with some organics and sand. 

Small logs and branches from 5 to 7 feet. 

Test pit terminated at 10.0 feet 

Minor caving at 5 to 7 feet. 

Slight seepage at 7 feet. 

Test Pit TP--3 

Approximate ground surface elevation: 13.5 feet 

Medium dense, moist, sandy GRAVEL (crushed rock fill). 

Soft, wet, black, organic SILT (Fill) 

Loose, saturated, blue-gray, fine SAND (Fill) 

Piece of a brick found at 3 feet. 

Sawdust fill. 

Soft, saturated, gray, SILT with some organic material. 

Test pit terminated at 10.0 feet 

Slight caving at 4 feet. 

Moderate seepage at 4 feet. 
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4.0 - 5.0 

5.0 - 6.0 

6.0 - 8.0 

0.0 - 0.5 

0.5 - 2.0 

2.0 - 4.0 

4.0 - 7.0 

0.0 - 0.5 

0.5 - 2.0 

2.0 - 3.0 

3.0 - 4.0 

4.0 - 8.0 

Soil Classification 

Test Pit TP-4 

Approximate ground surface elevation: 12.5 feet 

W-8401 
Test Pit Logs, Page 2 

Medium dense, wet, brown and black, silty SAND with some gravel (fill). 

Soft, wet to saturated, gray SILT with some organics (Fill) 

Sawdust and some boards (Fill) 

Soft, saturated, gray, SILT with some organic material. 

Test pit terminated at 8.0 feet 

No caving observed 

No seepage observed 

Test Pit TP-5 

Approximate ground surface elevation: 13.0 feet 

Crushed rock (Fill) 

Medium dense, moist to wet, black shiny, gravelly SAND with some silt (fill). 

Wet sawdust fill. 

Very soft, saturated, gray, SILT with some organic material. 

Test pit terminated at 7.0 feet 

No caving observed 

No seepage observed 

Test Pit TP-6 

Approximate ground surface elevation: 12.5 feet 

Medium dense, dry, light-brown, silty SAND (Fill). 

Medium dense, moist, gray, sandy GRAVEL (Fill) 

Railroad tie at 1.5 feet. 

Soft, wet, black organic SILT (Fill) 

Sawdust and wood debris (Fill) 

Very soft, wet to saturated, gray, SILT with some organic material. 

Test pit terminated at 8.0 feet 

No caving observed 

No seepage observed 
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Depth {feet} 

a.a - 2.0 

2.0 • 4.3 

a.a - 2.0 

2.0 • 6.0 

6.o - a.a 

Soil Classification 

Test Pit TP-7 

Approximate ground surface elevation: 13.0 feet 

Dense, damp, brown, sandy GRAVEL (fill). 

Logs and wood debris (Fill) 

Steel cable at 3 feet. 

Refusal at 4.5 feet due to logs and cable. 

No caving observed 

No seepage observed 

Test Pit TP-8 

Approximate ground surface elevation: 13.0 feet 

Dense, damp, brown, sandy GRAVEL (Fill) 

W-8401 
Test Pit Logs, Page 3 

Medium dense, moist to wet, dark gray, debris (bricks, metal, concrete) with some 

gravelly SAND (Fill) 

Wood debris observed from 4 to 6 feet. 

Soft, wet, gray, SILT with some organics. 

Test pit terminated at a.a feet 

No caving observed 

No seepage observed 

Date excavated: 31 July 1992 Logged by: Todd D. Wentworth 
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APPENDIX B 

LABORATORY TEST PROCEDURES AND RESULTS 

.. .... 
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LABORATORY TESTING PROCEDURES 

APPENDIX B 

W-8401 

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

geotechnical engineering properties of the subsurface soils. Descriptions of the types of test performed are 

given below. 

Visual Classification 

Samples recovered from the exploration locations were visually classified in the field during the exploration 

program. Representative portions of the samples were carefully packaged in watertight containers and 

transported to our laboratory where the field classifications were verified or modified as required. Visual 

classification was done in general accordance with the Unified Soil Classification system. Visual soil 

classification includes color, relative moisture content, soil type based on grain size, and accessory soil 

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

Moisture Content Determinations 

Moisture content determinations were performed on representative samples obtained from the explorations 

in order to aid in identification and correlation of soil types. The determinations were made in general 

accordance with the test procedures described in ASTM:D 2216. The results of the tests are shown on the 

exploration logs in Appendix A. 

Atterberg Limits 

Atterberg limits are used primarily for classification and indexing of cohesive soils. The liquid and plastic 

limits are tow of five Atterberg limits and are defined as the moisture content of a cohesive soil at arbitrarily 

established limits for liquid and plastic behavior, respectively. Liquid and plastic limits were established for 

selected samples in a general accordance with ASTM:D 423 and ASTM:D 424, respectively. The results of 

the Atterberg Limits are presented on a plasticity chart in this appendix where the plastic index Oiquid limit 

minus plastic limit) is related to the liquid limit. The plastic limits and liquid limits are also presented adjacent 

to the appropriate samples on the exploration logs in Appendix A. 

Grain Size Analysis 

A grain size analysis indicates the range in diameter of soil particles included in a particular sample. Grain 

size analyses were performed on representative samples in general accordance with ASTM:D 422. The 

results of the grain size determinations for the samples were used in classification of the soils, are presented 

in this appendix. 
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Consolidation Test 

A one-dimensional consolidation test was performed in general accordance with ASTM:D 2435 on a selected 

sample of the site soils to provide data for developing settlement estimates. The undisturbed soil sample 

was carefully trimmed and fit into a rigid ring. Porous stones were placed on both the top and bottom of 

the sample to allow drainage. Vertical loads were then applied to the sample incrementally in such a way 

that the sample was allowed to consolidate under each load increment. The rebound of the sample during 

unloading was also measured. The results of the consolidation test are presented in this appendix as a plot 

of percent consolidation (strain) versus the log of applied load (stress). 

California Bearing Ratio Tests 

A California Bearing Ratio test was performed on a composite sample of the site soils In general accordance 

with ASTM:D 1883-73, to provided an evaluation of the relative quality and support characteristics of 

subgrade soils. Representative portions from the sample were compacted in a mold, in general accordance 

with ASTM:D 1557-78 to provided a moisture-density relationship curve. Following compaction, a 15-pound 

surcharge was applied to each sample which was then totally immersed in water and allowed to soak for 

a period of 72 to 96 hours, during which time it was monitored for swell. At the end of this period the 

sample was removed, drained and a vertical load applied to the surcharged soil with a penetration piston 

at a constant rate of strain. Measurements of the applied vertical load were obtained at selected penetration 

depths. CBR test results and moisture-density relationships plotted in terms of percent water content versus 

percent corrected CBR and dry density are presented in this appendix. 

Soil Chemical Analytical Tests 

For use in determining corrosion potential of the site soils, we submitted soil samples for pH and resistivity 

tests. Samples were submitted to Northwest Agricultural Consultants in Kennewick, Washington. Samples 

from borings were submitted for pH testing while samples from borings were submitted for resistivity testing. 

The results are presented at the end of Appendix B. 
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Boring No. 

6-1 

6-1 

6-2 

6-2 

6-3 

6-5 

6-6 

6-6 

6-6 

6-6 

6-6 

Sample Location 

TP-2, S-1 

6-3, S-1 

B-5, S-1 

W-8401 

MOISTURE CONTENT DETERMINATIONS 

Sample No. Depth 

{feet) 

S-1 3 

S-2 8 

S-1 3 

S-2 8 

S-2 8 

S-2 8 

S-1 3 

S-3 13 

S-4 18 

S-7 33 

S-3 37.5 

SOIL CHEMICAL ANALYSIS RES UL TS 

Depth pH 

(feet) 

2 5.6 

3 

3 8.0 

Moisture Content 

{%) 

30.6 

32.0 

293.0 

189.3 

9.3 

123.0 

3.8 

66.8 

73.7 

50.2 

61.0 

Resistlvity 

(ohm-cm) 

5,200 

15,000 

3,800 
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APPENDIX C 

AASHTO PAVEMENT DESIGN 
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AASHTO 1986 METHOD FOR DESIGN OF PAVEMENT STRUCTURES 

FOR: Grimes Project - Aberdeen, WA 

DESIGN LIFE: 20 years 

DESIGN CALIFORNIA BEARING RATIO: 1% 

INPUT VALUES FOR STRUCTURAL NUMBER (SN) 

Estimated ESAL (20 yrs) = 30,697 

Reliability (R) = 85% 

Standard Nonnal Deviate '2r) - = 1.037 

Overall Standard Deviation (S0 ) = 0.50 

Reselient Modulus (M~ = 1,500 psi 

Effective Resilient Modulus (MR, seasonally adjusted) = 1,500 psi 

Initial Serviceability (P 0 ) = 4.2 

Tenninal Serviceability (Pt) = 2.0 

Design Serviceability Loss (PSI) = 2.2 

Structural Number (SN) = 3.2 and 2.7 

Input values for thickness calculations 

Asphalt layer coefficient (a1) = 0.33 

Base course layer coefficient (a2) = 0.12 

Base course drainage coefficient (m2) = 1.20 

Compacted Roadbed layer coefficient (as) = 0.09 

Compacted Roadbed drainage coefficient (ms) = 1.1 O 

Recommended Pavement Section Thicknesses (inches) 

Standard 

Heavy 

Asphalt Concrete 

3 

Crushed Base Course 

6 

3 6 

REFERENCE 

Specified 

Specified 

1-62 

1-62, 111-51 

1-14 

11-14 

11-12 

Specified 

11-12 

11-35 

11-19 

11-20 

11-26 

11-23 

11-26 

Compacted Subbase 

9 

13112 



I 
I 
I 

.I ., 
.I 
-1 
.1 
ii 
I 
I 

' 

APPENDIX D 

GEOTECHNICAL DESIGN FACT SHEET AND FOUNDATION DESIGN CRITERIA 
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GEOTECHNICAL INVESTIGATION FACT SHEET 

This form shall be included in the Geotechnical Investigation Report as an Appendix. 

PROJECT:-..:Ga.:..:ri.a..;.m=e=s _______ LOCATION: Aberdeen WA 
(City) (State) 

Geotechnical Investigation Report submitted By:---'-'R=ZA ......... -A...,G=R..,..A......._.l.;..;N""Cc:... --------------

SCS Soil Hydrologic Group __ C...____ Soil Name Udorthents 

Infiltration (Circle One): Poor Fair Good Very Good 

Ground Water Level: Below 2' Wet Season ___ B"-'e"'-lo=--w ....... 4_' ___ Dry Season 

Topsoil/Stripping Depth __ 6 __ in"""c..._h=e-s ..... o .... r .... le=s=s _____ Undercut Required (Circle One): Yes No 

Compaction Method (Circle one): Standard Proctor/ Modified Proctor 

Minimum Compaction Required for Upper 1 Feet of Stripped Subgrade, if necessary: 

Building Area 92 % Outlet Area 92 % 

Parking Area 92 % Waste Area 92 % 

Compaction Equipment Type and Weight:._V.:.::ib=ra=t=o"--ryi.....a..,R=oi=ie=r ___________ _ 

Compaction Tests: 1 Test for Each ____ s...,o..,,o=o _____ Sq. Ft. each Lift 

Structural Fill Maximum Lift Thickness _____ 1-=-o _____ inches (Measured !oose) 

Subgrade design CSR (or LBR) value = ____ 1~% ___ _ 
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COMPONENT 

Stabilized Subgrade 

(If Applicable} (HRT} 

Subbase Material 

Base Material 

(Stone, Sand/shell, etc.} 

Asphaltic Base Course 

(If Applicable) 

Leveling/Binder Course 

(If Applicable) 

Surface Course 

ASPHALT 

STANDARD HEAVY 

NA NA 

g• 131.h. 

6" s· 

NA NA 

3• 3• 

2· 3• 

CONCRETE 

STANDARD HEAVY 

NA NA 

g• 131.h· 

s· 6" 

NA NA 

s· s· 

s· s· 

Note: This Information should not be used separately from other portions of this Soil 

I Investigation Report. 
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FOUNDATION DESIGN CRITERIA 

This form shall be Included In the Geotechnical Investigation Report as an Appendix 

PROJECT: GRIMES 

LOCATION:_.A-b...,e:.:.,rd ..... e=e..__n,..___ ..... W ___ A __________ _ 
(City) (State) 

GEOTECHNICAL ENGINEER:-=-R=ZA::..:..:..·A=G:.:..R"'"A,._, .:..:..IN=C:..:..· -----------------­

SOILS REPORT DATED:....,.3:..:.1...:..A=u...,g=us=t.....:1=99=2=-------------------­

Recommended 

Option 

FOUNDATION OPTIONS: _1 _ ...:D:c.:.r..:..aiv=en:.:....=tim:.a.:.:.be=r_.p=il=es=-----------------

2 Augercast concrete piles 

BEARING PRESSURE: See test for piling capacities 

MINIMUM FOOTING SIZES: See text for piling diameters and lengths 

MIN. FOOTING EMBEDMENT: See text for piling embedment 

FROST DEPTH:'""1'-"'8'"'"in:..:.c=h=e=-s----------------------

TOTAL SETTLEMENT (1" MAX):'""1._i=n=ch.....=o .... r l=e=ss.._ ________________ _ 

DIFFERENTIAL SETTLEMENT (1 /2" MAX): ...... 1.....,/2=-"-in=ch~----------------

SLAB: POTENTIAL VERTICAL RISE (1 /2" MAX): less than 1 inch settlement 

VAPOR BARRIER:---=e=-s _______________ _ 

CAPILLARY BARRIER: 6 inches sand/gravel WSDOT Specs 9-03.12{4), 13, 15, 16 

SUBGRADE REACTION MODULUS: ____ 3_p-=c'"'"'. ( ... n=at"""iv-=e-"s-=o .... il) __________ _ 

PERIMETER DRAINS REQ'D:_Y ..... e'"""s""'s-=ee=----re'""'p=o ..... rt ...... te=xt ......... ____________ _ 

CONCRETE: Type I ~ Type II _ Type Ill Other 

SPECIAL COMMENTS: ________________________ _ 

NOTE: This information should note be used separately from other portions of this soil investigation 

report. 


