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REPORT 

HYDROGEOLOGIC AND GEOTECHNICAL ENGINEERING SERVICES 

COMMUNITY TRANSIT CENTRAL OPERATING BASE 

PROPOSED SITE EXPANSION AND WETLANDS MITIGATION 

EVERETT, WASHINGTON 

FOR 

COMMUNITY TRANSIT 

INTRODUCTION 

This report presents the results of our hydrogeologic and geotechnical engineering services 

for the proposed site expansion and wetlands mitigation at the CT (Community Transit) COB 

(Central Operating Base) in Everett, Washington. The COB is located at the south end of the 

Everett city limits near Paine Field at 8905 Airport Road as shown on the Vicinity Map, 

Figure 1. We have previously completed and are presently providing geoenvironmental services 

at the project site associated with the removal and cleanup of petroleum contaminated soils. 

We were provided with the following information regarding the project for our review: 

• Mukilteo School District, April 14, 1993, "Mitigated Determination of Non-Significance -

SEPA 50-92." 

• Kramer, Chin & Mayo, Inc., March 25, 1992, drawing entitled "Community Transit 

Central Base, Existing Site Development." 

• Kramer, Chin & Mayo, Inc., March 25, 1992, drawing entitled "Community Transit 

Phase II Master Plan, 200 Bus Development. " 

• Kramer, Chin & Mayo, Inc., August 1992, report entitled "Community Transit Operating 

Base, Wetlands Analysis and Mitigation Plan." 

• Wilsey & Ham, Inc., July 1983, drawing entitled "Kasch Park, Phase 1 Improvements, 

Baseball Field & Parking Lot Grading Plan." 

• Finley Architects, undated drawing entitled "New Warehouse, Transportation, Graphics and 

Central Kitchen Facility for the Mukilteo School District". 

We provided conclusions of our geoenvironmental services for this project in a letter dated 

May 27, 1993. Remediation of the petroleum contaminated soils is continuing at this time. 

Assuming that the grading operations for this project will start in late September, we expect that 

remediation of the petroleum-contaminated soils in the soil treatment facility will be c~mpleted. 

PROJECT DESCRIPTION 

CT has proposed to expand and remodel the existing operating base facility. The following 

project description is based on our discussions with Arai/Jackson and review of the KCM 

(Kramer Chin & Mayo) report and drawings. The improvements will require enlarging the 

developed area to the south including filling low areas and abandonment and/or demolition of 

certain existing structures or facilities. These improvements include expansion of the maintenance 
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building, construction of new vehicle/vanpool maintenance facility and related structures. A wet 

vault/oil water separator is proposed to replace the existing stonn water detention facility. 

Specific details regarding the location of building expansion and new facilities are not known at 

this writing. However, we understand that the building expansion footprint will be reduced in 

size when compared to the original KCM Master Plan. in order to limit impacts on existing 

wetlands. 

The project originally included a retaining wall to restrain the fill for the traffic access road 

at the south end of the proposed maintenance building expansion. However, the wall was 

abandoned because of the presence of significant thickness of peat identified in this area during 

our geotechnical study. Alternative designs for the traffic access road are being considered 

including a pile supported structural slab. 

In order to accomplish the site improvements, approximately 0.4 acres of wetlands will be 

filled. The filling of the wetlands will be offset by creating new wetlands in accordance with city 

of Everett Ordinance No. 1838-91. This project originally included an on-site wetlands 

mitigation program which has been abandoned. This report presents specific design 

recommendations regarding on-site wetlands mitigation for use if such mitigation is required. 

We understand that the wetlands mitigation will involve off-site wetlands creation in Kasch Park 

which borders the COB's east property boundary. Specific details regarding existing conditions 

and proposed grading in th~ Kasch Park wetlands mitigation area were not available at the time 

of this writing. Therefore, this report does not specifically address the proposed off-site wetlands 

mitigation. 

Wetlands terminology used, in this report references this ordinance. Four Category ID 

wetland areas have been identified and are described in the KCM documents for reference. 

SCOPE AND METHODOLOGY 

The purpose of our services is to evaluate the subsurface soil and ground water conditions 

including the hydrogeologic conditions at the project site as a basis for developing geotechnical 

recommendations and related design criteria for the proposed site development. Reference in this 

report to the "site" generally will .indicate the CT COB property. 

Our specific. scope of services is described below. We have separated our scope of services 

into three tasks detailed below. 

TASK 1: PHASE 3A - WETLAND CONSTRUCTION/SITE DEVELOPMENT 

1. Review available information regarding past site development and proposed improvements. 

This information includes topographical survey, past geotechnical and geoenvironmental 

reports and as-built drawings as available, wetland analysis and preliminary design. 

2. Perfonn a hydrogeologic reconnaissance of the site. 
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REGIONAL GEOLOGY 

The project site is located in the central portion of the Puget Lowland. Bedrock of Tertiary 

age underlies this region at depths ranging from the surface to a few thousand feet, and at the 

project site is estimated to be roughly 1000 feet below the ground surface. The soil material 

between the ground surface and the bedrock consists of Quaternary age sediment. 

During the Quaternary Period, the central Puget Lowland was repeatedly overridden from 

the north by continental glaciers which left behind characteristic deposits and landforms. Most 

of the soil materials and landforms observable in this area today are the result of the most recent 

glaciation, the Vashon Stade of the Fraser Glaciation. The Puget Lobe of the Vashon glacier 

a~vanced southward into the central Puget Lowland approximately 15,000 years ago to about 

15 miles south of Olympia. At its maximum, the ice thickness in the project area may have been 

nearly 4000 feet. By 11,000 years ago, the ice front had melted northward beyond the site 

vicinity. 

As the Puget Lobe advanced into the lowland areas of Puget Sound, rivers which had 

flowed into Puget Sound were diverted southward to the Pacific Ocean at Grays Harbor via the 

lower Chehalis River valley. Initially, these rivers entered a large proglacial lake that occupied 

much of the southern Puget Lowland and in which sediment from the mountain rivers was 

deposited. Soils deposited in front of the advancing ice are known as advance outwash and 

generally consist of dense sand with variable amounts of silt and gravel. 

Soils were also deposited at the base of the glacier onto the land surface. These soils are 

known as glacial till and generally consist of dense to very dense silty sand with gravel, cobbles 

and occasional boulders. Locally, glacial till is often referred to as "hardpan" and generally caps 

the upland areas. The soil in the vicinity of the project site consists primarily of glacial till. 

SITE CONDITIONS 

SURFACE CONDITIONS 

The COB is located at the south end of the Everett city limits near Paine Field. The site 

is bordered to the east by William Kasch Memorial Park, to the south by vacant property and an 

industrial park, to the west by the Sno-lsle Vocational Skill Center, and to the north by as access 

road and a large GTE facility. 

The upland area where the project site is located is characterized by a gently undulating 

ground surface. Undulating topography and poor shallow drainage conditions have resulted in 

numerous wetland areas in the site vicinity. 

The existing COB facility pad and adjacent parking areas were created by cutting and filling 

the undulating property area, based on our review of the predevelopment topographic drawing. 

The developed area is at about Elevation 665 to 666 feet (City of Everett datum). 

Wetlands 1 (Elevation 663 feet), 3 (Elevation 651 feet), 3A (Elevation 662 feet), and 4 

(Elevation 665 feet) existed prior to site development based on our review of a predevelopment 

topographic drawing. The northerly portions of Wetlands 1 and 3A were filled during the 
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3. Explore surficial subsurface conditions by excavating nine hand augered borings in areas 

not accessible by mechanical drilling or excavation equipment. Probe rods were used to 

evaluate the thickness of the soft soils that occur in the wetted areas of Wetlands 1, 3 

and 3A. 

4. Explore shallow subsurface conditions peripheral to Wetlands .1, 3 and 3A by completing 

thirteen backhoe excavated test pits. 

S. Chemical analysis of peat samples collected from Wetland 3. 

6. Explore deep subsurface conditions peripheral to Wetlands 1, 3 and 3A by drilling two test 

borings to about Elevation 630 feet. One boring was drilled near the proposed location of 

the wet vault/oil-water separator. 

7. Develop three subsurface profiles through the south portion of the site to assist our 

hydrogeologic analysis. 

8. Evaluate the hydrogeologic conditions at the site based on the results of site reconnaissance, 

soft soil probing, hand augered borings, test pit and test boring explorations. 

9. Evaluate if the area between Wetlands 3 and 3A is suitable for construction of a new 

wetland and provide design recommendations regarding hydrogeologic factors. 

10. Evaluate the use of on-site materials for use as structural fill. On site materials excavated 

for the creation of new wetland areas are proposed to be used as fill, except organic soils 

which may be stockpiled during site grading and used in the creation of new wetlands. 

11. Provide recommendations for site grading to include criteria for site preparation, stripping 

and drainage required to pennit subsequent earthwork to be accomplished more readily, and 

site grading and earthwork including fill material and compaction requirements. This also 

includes the effects of weather and/or construction equipment on site soils. 

12. Provide recommendations for the below-grade wet vault/oil-water separator. 

TASK 2: PHASE 38 - VEHICLENANPOOL MAINTENANCE FACILITY DESIGN 

1. Conduct a geologic reconnaissance of the proposed development area. 

2. Explore subsurface conditions within Wetland 1 by excavating three hand augered borings. 

Probe rods were used to evaluate the thickness of the soft soils that occur in the wetted area 

of Wetland 1. 

3. Explore shallow subsurface conditions in the proposed development area adjacent to the 

south side of Wetland 1 and 3 by completing four backhoe excavated test pits. 

4. Explore shallow subsurface conditions in the proposed development area adjacent _to north 

side of Wetland 1 and 3 by completing three borings to a depth of about 15 feet. 

S. Evaluate site preparation requirements including stripping and drainage required to permit 

subsequent earthwork to be accomplished more readily. 

6. Recommend design criteria for a preload or surcharge program as a means of reducing 

postconstruction settlements, if appropriate. 
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7. Estimate the magnitudes and rates of settlement because of site filling, foundation loads and 

floor loads. 

8. Provide recommendations for site grading · and earthwork including fill material and 

compaction requirements. This also includes the effects of weather and/or construction 

equipment on site soils. 

9. Provide recommendations for foundation design including allowable bearing pressures and 

settlement perfonnance estimates for shallow spread footings. 

10. Provide recommendations for support of on-grade floor slabs. 

11. Provide design pavement sections for access roadway and parking areas. 

12. Establish design recommendations for subgrade walls (perimeter building walls) including 

lateral soil pressures and lateral resistance criteria. 

13. Provide recommendations for site drainage in light of the soil and ground water conditions 

encountered or expected. 

TASK 3: MAINTENANCE BUILDING EXPANSION 

1. Explore subsurface conditions by drilling one test boring and excavating four test pits. 

2. Determine pertinent engineering characteristics of the foundation soils from the results of 

laboratory tests performed on samples obtained from the borings. 

3. Estimate the magnitudes and rates of settlement because of site filling, foundation loads and 

floor loads. 

4. Provide recommendations for site grading and earthwork including fill material and 

compaction requirements. This also includes the effects of weather and/or construction 

equipment on site soils. 

S. Provide recommendations for foundation design including allowable bearing pressures and 

settlement perfonnance estimates for shallow spread footings. We also provide preliminary 

recommendations for pile support of the proposed expansion for planning purposes. 

6. Provide recommendations for support of on-grade floor slabs. 

7. Establish design recommendations for subgrade walls (perimeter building walls) including 

lateral soil pressures and lateral resistance criteria. 

8. Provide recommendations for site drainage in light of the soil and ground water conditions 

encountered or expected. 

TASK 4: CHARACTERIZATION OF DIESEL-CONTAMINATED SOIL ·1N SOIL 

TREATMENT FACILITY 

As mentioned previously, the results and conclusions for Task 4 were presented in a 

separate letter dated May 27, 1993. 
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original site development. Wetlands 2 and 4 occupy areas bordering the west property line. A 

graveled maintenance road borders the undeveloped area along the west property line in the 

southern portion of the site. The general layout of the property and other site features are shown 

in Figure 2. 

Wetland 1 is vegetated with dense bush and small deciduous trees. Ponded water was 

observed in Wetland 1. Primary drainage to Wetland 1 appears to enter the wetland from the 

west by an overflow pipe and seepage from Wetland 4. 

Wetland 3 has ponded open water fringed on the south and west by dense brush and dead 

deciduous trees. Numerous fallen trees extend out into the open water areas. The north and east 

sides of Wetland 3 are fringed with dense brush. . Primary drainage to Wetland 3 appears to enter 

from two ditches connecting to Wetland 1 and Wetland 3A and by an underground pipe 

connecting to Wetland 2. 

Wetland 3A has ponded water and is vegetated with dense brush. Primary drainage to 

Wetland 3A appears to enter the wetland from adjacent area runoff and from a ditch that enters 

the southeast comer of the wetland. 

Wetlands 1 and 3 are separated from Wetland 3A by a low ridge which has a maximum 

elevation of about 670 feet. An abandoned ammunition bunker is located at the west end of this 

ridge near the property line. The ammunition bunker is concrete and covered with soil. 

SUBSURFACE CONDITIONS 

General 

Subsurface soil and ground water conditions were evaluated by performing a geologic 

reconnaissance of the site and adjacent areas, soft soil probes, hand-augered borings, test pits and 

test borings. A description of the field exploration procedures and logs of the explorations are 

presented in Appendix A. 

Three generalized subsurface profiles were prepared to illustrate our interpretati<m of the 

soil and ground water conditions at the south end of the property. These subsurface profiles are 

presented in Figures 3, 4 and S; the locations of the subsurface profiles are shown in Figure 2. 

Wetlands 1 and-3A 

Based on probing and hand-augered borings, surficial soils in Wetlands 1 and 3A consist 

of 0.5 to 1 foot of soft organic silt and silty sand with gravel and abundant organic matter. The 

organic matter primarily consists of decaying leaves and roots. Our explorations irid~cate the 

surficial soft soils are underlain by medium dense to dense silty sand with gravel (glacial till). 

Standing water in Wetlands 1 and 3 was up to 1 foot deep. 

Wetland 3 

Based on probing and test pit explorations, surficial soils in Wetland 3 consists of a 

significant thickness of soft peat. We were not able to probe greater than 9 feet into the peat and 

soft soil because of difficulty in pushing the probe rods from the boat used to gain access. The 
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peat extends beyond the depth explored in TP-13 (17 feet) and many of the probes. Along the 

margins of Wetland 3, with exception of the nonh-central shoreline, we were able to probe or 

hand-auger the full thickness of the soft soils. Underlying the peat and soft soil is medium dense 

to dense silty sand with gravel. Standing water in Wetland 3 is uniform at about 2 to 3 feet deep. 

A deeper area with 7 .5 feet of standing water was measured near the culven outfall on the east 

side of Wetland 3. 

Ridge between Wetlands 1, 3 and 3A 

The boring and test pit results indicate that the area between Wetlands 1, 3 and 3A is 

mantled with about 6 inches of forest duff and topsoil. Underlying the surficial duff and topsoil 

we encountered 1 to 3 feet of loose to medium dense silty sand with varying amounts of gravel 

and tree roots (weathered soil). The weathered soil is underlain by hard sandy silt or dense to 

very dense silty sand with gravel and occasional cobbles (glacial till). The glacial till was very 

difficult to excavate because of its high degree of compactness which generally caused practical 

digging refusal in the test pit explorations at a depth of 7 to 10 feet. The glacial till extends to 

at least Elevation 630 feet below the ridge area based on B-1 and B-2. 

About 3 feet of fill consisting of loose to medium dense fine to medium sand with silt was 

encountered in TP-2. About 1.5 feet of loose medium to coarse sand was encountered in TP-9. 

Ground water seepage was observed in TP-2, TP-5, TP-7, TP-8 and TP-9. The ground 

water seepage was observed at or near the interface between the weathered and unweathered 

glacial till. Ground water seepage was rapid in these test pits where decayed roots provided open 

passages for water flow. This rapid ground water seepage caused caving of test pit sidewalls. 

South End of Existing Facilities 

This is the area in the south ponion of the developed area of the CT site including the 

detention pond area. B-3 through B-6 for the current study and Monitoring Wells MW-1 through 

MW-5 from a previous study were completed in this area. This area is generally underlain by 

1 to 5 feet of fill and/or weathered soil consisting of medium dense silty sand with gravel. The 

fill and weathered soil are underlain by glacial till. This area was essentially graded level at the 

time of original development by lowering topographic highs and filling low areas which accounts 

for the similarity in the fill and weathered soils. 

We conducted additional test pit explorations at the south end of the detention pond and 

nonhem end of Wetland 3 in order to evaluate the thickness and character of the fill and underly­

ing peat. It appears that the nonh ponion of Wetland 3 was filled during site development for 

the existing CT facility (see Figure 3). The fill in this area is 3.5 to 6 feet thick and is composed 

of loose silty sand with gravel and occasional cobbles. Underlying the fill, we encountered 6 and 

10 feet of peat in TP-10 and TP-11, respectively. We observed 11 feet of peat in TP-13 and 

were able to probe an additional 7 feet for a total thickness of soft soil of at least 18 feet. The 

peat is soft and varies from amorphous to fibrous. We also observed numerous partially decayed 

logs and stumps within the peat deposit. 
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We submitted 4 selected samples to Soil and Plant Laboratory, Inc. in Bellevue for chemical 

analysis and other physical parameters. The results of this testing are presented in Appendix B. 

HYDROLOGIC CONDITIONS 

SURFACE WATER HYDROLOGY 

Surface water in the fonn of direct precipitation, overland flow and stream flow is a major 

source of water for the wetlands. To a limited extent, storm water runoff from the CT property 

and other adjacent properties contribute to the surface water hydrology. 

This water tends to collect in closed depressions within the relatively impenneable glacial 

till surface. If the depressions are relatively deep, then the water can accumulate to a level that 

forms a pond. Over time, these ponded areas become wetlands by sedimentation and organic 

infilling. It is our opinion that the closed depression features within the glacial till surface are 

the controlling geologic and hydrologic factors for the subject wetlands. 

GROUND WATER HYDROLOGY 

General 

Site ground water hydrology is characterized by a shallow, perched ground water system 

within the weathered soil above the glacial till, and a deep regional ground water system within 

the advance outwash. Each ground water system is described briefly below. 

Perched Ground Water 

The perched ground water system is recharged by direct precipitation. Rainfall infiltrates 

into the weathered soil and then moves laterally by gravity along the contact with the relatively 

impenneable glacial till. Ground water movement is relatively slow due to the high silt content 

of the weathered soil and the low gradients of the glacial till surface. The perched ground water 

system fluctuates seasonally as a direct function of rainfall, transpiration and evaporation. For 

this reason, Wetland 3A, which is very shallow, is likely to dry out completely during the late 

summer months. 

The specific ground water conditions encountered in the exploration are indicated on the 

exploration logs. Perched ground water levels have been measured at depths ranging from 4 feet 

to 14 feet in the monitoring wells (MW-1 through MW-5). 

Regional Ground Water 

Based on our explorations and water well logs in adjacent areas, we conclude that the 

regional ground water table is located at a considerable depth below the site. We estimate the 

regional ground water level to be at about Elevation 530 feet or approximately 130 feet below 

the upland surface. 
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CONCLUSIONS AND RECOMMENDATIONS 

GENERAL 

The site conditions are suitable for the proposed COB expansion project. This section of 

the report is organized similar to the scope with the separate tasks identified. Task 1 is funher 

separated into two elements, wetland construction and site development. In the latter Tasks, we 

reference specific recommendations provided in the previous Tasks to avoid redundancies. 

As stated previously, the project originally included a retaining wall along the traffic access 

road to be constructed at the south end of the expanded maintenance building. This element of 

the project was eliminated because of the significant thickness of soft, compressible peat soils 

encountered in Wetland 3 and because of wetlands mitigation concerns. The thickness and 

physical properties of the peat make overexcavation of this material impractical and cost­

prohibitive. However, the presence of the peat has very significant implications to the project. 

Any fill placement over the peat should be monitored during construction to not overstress the 

peat and cause a bearing failure (mudflow). 

The fill placed over the peat will continue to settle well after project construction because 

of the long term consolidation of the peat. Therefore, the southern extremity of the proposed 

maintenance building will need to be pile supported to avoid excessive differential settlements. 

Similarly, the possibility of supporting the accompanying roadway with piles is being considered. 

We have provided recommendations for that portion of the maintenance building expansion that 

will be supported on shallow spread footings in this report; however, further exploration and 

analysis will be necessary to determine the actual break point between shallow and deep 

foundations and to provide specific pile foundation design parameters. 

TASK 1: PHASE 3A - WETLAND CONSTRUCTION 

General 

In our opinion, the geologic and hydrogeologic characteristics of the southerly portion of 

the CT property are favorable for the proposed wetlands mitigation should on-site mitigation be 

reconsidered. The wetlands studied are recharged from direct precipitation, surface runoff and 

seepage from shallow "perched" ground water zones. Vertical infiltration of ground water is 

limited by relatively impermeable glacial till that underlies the site area. 

It is our opinion that the regional ground water system does not influence water recharge 

of the wetlands. In addition, it is our judgment that the proposed wetlands mitigation will not 

impact the regional ground water recharge system. 

Construction of New Wetlands 

It is our opinion that a new wetland(s) could be created by excavating the shorelines and 

thereby enlarging Wetlands 3 and 3A. We assume that the excavation will have a finished bottom 

elevation at least as low as the seasonal low water level in the respective wetland. The base of 

the excavation should be essentially flat to keep the entire base area wetted. The glacial till has 
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very low permeability with vertical infiltration estimated to be no more than a few feet per year 

where saturated. Based on our boring explorations, it appears that the glacial till extends to at 

least Elevation 630 feet which will allow for relatively deep (up to 15 feet deep) excavations in 

the on-site wetlands mitigation area. 

The glacial till may contain permeable zones. Usually these more permeable zones are 

discontinuous and will not provide a path for shallow ground water to migrate. However, to 

assur!! that shallow ground water will not "leak" from new wetlands, we recommend that any 

permeable soils exposed in the base of the excavation be handled by installing a bottom liner as 

described in the following sections of this report. The bottom liner should be designed to provide 

a satisfactory seal to restrict wetland leakage. 

We recommend that at least 30 feet of non-wetland area be left as a buffer between 

Wetland 3 and 3A. This buffer should provide adequate distance to limit seepage of water from 

Wetland 3 into 3A. 

New Wetland Sideslopes 

We recommend that new wetland sideslopes be inclined at 3H:1V (horizontal to vertical) 

or flatter within the wetted area, and 2H: 1 V or flatter above the wetted area. 

Erosion Protection 

We recommend that all disturbed ground in the wetland mitigation areas be revegetated to 

limit erosion and sedimentation. Temporary erosion control coverings such as straw mulch, jute 

mesh or plastic sheeting should be installed when necessary until the vegetation can take effect. 

Silt fences should be installed around the construction areas as required. 

Bottom liner 

We recommend that an impermeable liner be installed in excavation areas (if any) where 

the glacial till is absent and sandy, permeable soils are exposed. The liner can consist of a 

bentonite/native soil mix, compacted glacial till or a PVC liner. As discussed previously, we 

expect sandy zones to be discontinuous therefore it will not likely be necessary to install a liner 

over these areas. We recommend that we evaluate the excavated surfaces to determine if a liner 

is appropriate. 

Bentonite/Native Soil Mix. A bentonite/native soil mix results in a relatively 

impermeable liner when wetted. The development of a detailed design for a bentonite/native soil 

liner will require additional laboratory testing and analysis. For planning purposes, we 

recommend preparation of the sandy areas proceed by grading the area smooth and then 

scarifying the upper 6 inches of native soil. Powdered bentonite would then be thoroughly mixed 

into the upper 6 inches of native soil at an application rate of 4 to 6 E><?unds per square foot. The 

prepared area should be compacted using a smooth drum roller to at least 90 percent of the 

maximum dry density as determined by the ASTM D-1557 test procedure. A representative from 
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.. 
our firm should be present to observe the soil mixing, perform in-place density tests as the liner 

is being compacted to determine if the required degree of compaction is achieved and obtain 

samples for laboratory permeability testing. 

Compacted Glacial Till. The sandy areas could be overexcavated by at least 1 foot and 

replaced with silty glacial till soil. We recommend that the glacial till soil have a silt content 

(fines passing the U.S. Standard No. 200 sieve) of at least 30 percent based on the minus 

3/4-inch fraction. The glacial till should be placed in at least two lifts and mechanically 

compacted to a uniform density of at least 90 percent of the maximum dry density determined 

in accordance with ASTM D-1557. We recommend that a representative from our firm be 

present to observe the soil liner placement and to perform in-place density tests as the liner is 

being compacted to determine if the required degree of compaction is achieved. 

PVC Liner. A PVC (polyvinyl chloride) liner could be used to seal more permeable zones 

in the pond bottom. This liner should consist of a material such as 30 mil PVC. The liner 

should be installed in accordance with the manufacturer's specifications. 

, It is our opinion that the bentonite/native soil mix or the compacted glacial till will be more 

cost effective. The PVC liner also tends to prevent capillary rise of soil moisture, thereby 

causing the surface soils to dry out more readily. 

TASK 1: PHASE 3A - SITE DEVELOPMENT 

General 

The site development includes the grading necessary to achieve the design grades for the 

proposed COB expansion project and installation of the proposed wet vault/oil water separator. 

The site soils are moisture-sensitive and will be difficult to operate on and to compact during wet 

weather. Trafficability at the site under wet conditions is expected to be difficult and will result 

in considerable disturbance to exposed subgrade areas. Therefore, to use the on-site soils and 

minimize grading costs, the earthwork should be accomplished during the dry summer and early 

fall months. 

As mentioned previously, the presence of the peat in Wetland 3 will significantly affect the 

grading and long term performance of that portion of the site development. Overexcavation of 

the deep peat deposits is not practical. Therefore, the project should be designed considering the 

impact of the peat. Peat exhibits two stages of consolidation: relatively short-term _primary 

consolidation and long-term secondary and tertiary consolidation. It is possible to preinduce the 

primary and some of the secondary consolidation of peat by performing a surcharge program or 

at least preloading the peat for as long as possible prior to constructing permanent facilities in the 

areas that will settle. Even with a surcharge or preload program, long-term maintenance should 

be expected. Site preparation and filling considerations for the peat area are provided separately 

under the subheading "Wetland 3 Site Preparation and Fill Considerations." 

GcoEnginccrs 11 File No, 2095-0l l·R73/07l293 



It will be necessary to pile support that portion of the proposed maintenance building that 

is underlain by peat. Since the presence of the peat was not known at the outset of this study, 

it was not within the scope of services to detennine the vertical and lateral extent of the peat. 

Therefore, further investigation will be necessary prior to construction of the maintenance 

building expansion. We recommend that the subsurface conditions below the existing oil water 

separator/storm detention facility be determined prior to filling it in as part of the this site 

development. This procedure would help identify the break between shallow spread footings and 

pile support. 

Site Preparation 

We recommend the building sites, parking areas and all areas to be graded be stripped of 

vegetation and significant organic material. We expect that the stripping depths will be quite 

variable, although it appears that about 1 foot will be necessary in most areas to remove the 

forest duff and significant root zone. Greater depths will be necessary in areas supporting thickly 

rooted growth or within wetland areas. Root systems for large trees and stumps should be 

grubbed. The grubbed and stripped material should be wasted off-site or placed in landscape 

ar~as. In addition, asphalt and concrete pavement in proposed development areas should be 

removed. If the asphalt and concrete can be broken into fragments limited to a maximum 6-inch 

size, the fragments can be used as fill provided that the fragments are mixed in with soil such that 

no voids are present. 

The surficial site soils have a moderate to high erosion potential. Silt fences, hay bales and 

other measures should be used to control erosion and sediment transport during construction. 

The forest duff acts as a protective layer to the surficial soil and should be removed only where 

and when necessary. If site grading will occur significantly in advance of building construction, 

long-term erosion control systems should be installed and the temporary grades should be sloped 

to allow positive drainage. 

As mentioned previously, the site soils are moisture-sensitive and will be difficult to operate 

on and to compact during wet weather. These soils readily absorb moisture and are difficult to 

dry out. Trafficability at the site under wet conditions is expected to be difficult and will result 

in considerable disturbance to exposed subgrade areas. It will probably be necessary to provide 

temporary haul roads consisting of quarry spalls, crushed rock or pit run sand and gravel during 

wet weather construction. 

Those areas which are stripped or excavated to design subgrade elevations or are·to receive 

structural ··fill should be rolled with a heavy, self-propelled vibratory roller to repair any 

disturbance from the excavation process and densify the loose material. Any soft, loose or 

otherwise unsuitable areas identified during rolling should be further compacted if practical. If 

too wet, these soils must be removed and replaced with structural fill, as described below. In 

areas to receive structural fill, we recommend the native subgrade be compacted to the same 

density criteria as recommended for structural fill. We recommend that rolling not be performed 

during wet weather or when the exposed soils are wet of optimum. In this case, the subgrades 
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should be evaluated visually and by probing. If site work needs to be done during wet weather, 

it may be necessary to excavate disturbed or unsuitable material and place a layer of quarry spalls 

or sand and gravel with less than 5 percent fines (that portion passing No. 200 sieve) to provide 

a working surface. We recommend that the rolling and evaluation of the subgrade be observed 

by a representative from our firm to assess the adequacy of the subgrade conditions and to 

identify areas needing remedial work. 

Structural Fill 

All fill placed beneath the buildings and pavement areas should be compacted as structural 

fill subsequent to site preparation procedures discussed above. 

Structural fill should be placed in horizontal lifts not exceeding 10 inches in loose thickness. 

Each lift must be thoroughly and uniformly compacted. Fill placed within building footprints, 

and extending downward within a 1: 1 plane from the building edges, should be compacted to at 

least 95 percent of the maximum dry density (MOD) as determined by the ASTM D-1557 test 

procedure. Fill placed in parking and access areas at depths greater than 2 feet below the 

finished subgrade should be compacted to at least 90 percent of the same standard; fill placed 

within 2 feet of the subgrade should be compacted to a minimum of 95 percent of MDD. These 

criteria also apply to utility trench backfill; however, fill in utility trenches outside of building 

or pavement areas (e.g. within landscaping areas) need only be compacted to a density to prevent 

significant ground subsidence. All structural fill material should be free of organics, debris and 

other deleterious material with no individual particles having a maximum dimension larger than 

6 inches. As the amount of fines increases, the soil becomes increasingly sensitive to small 

changes in moisture content and adequate compaction becomes more difficult to achieve, 

particularly during wet weather. Generally, soils containing more than about 5 percent fines by 

weight cannot be properly compacted when the moisture content is more than a few percent above 

optimum. 

We recommend that a representative from our firm observe placement of structural fill to 

determine if procedures used and results obtained conform with the intent of this report and the 

plans and specifications. A representative number of in-place density tests should be performed 

as part of this construction monitoring. 

Suitability of On-Site Soils 

The inorganic site soils are suitable for use as structural fill during extended periods of dry 

weather. Some moisture conditioning may be necessary. Most of the on-site fill and the native 

soils have a fines content such that it will be difficult, if not impossible, to properly compact 

these soils during wet periods. If grading must be done during extended periods of wet weather, 

we recommend not using the on-site soils for structural fill. Rather, a sand or sand and gravel 

mixture with less than 5 percent fines based on that fraction passing the 3/4-inch sieve should be 

imported. Any soil to be used as structural fill should be stockpiled separately from the peat or 

other unsuitable soils during excavation. 
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If the base of excavations are wet, it may be necessary to place a layer of sand and gravel 

with less than S percent fines, crushed rock or gravel in order to provide a capillary break before 

using the more moisture-sensitive on-site soils. 

Suitability of On-Site Soils from Soil Treatment Facility 

Approximately 4,600 cubic yards of diesel-contaminated soil was excavated during CT's 

UST (underground storage tank) removal and replacement project and placed in the on-site soil 

treatment facility. The contaminated soil was treated in individual lifts. The treatment process 

consists of enhancing the natural biodegradation of petroleum hydrocarbons by optimizing soil 

moisture, nutrient (fertilizer) and oxygen levels to promote indigenous bacterial activity and 

population in the soil. We have been and continue to monitor the treatment of the soil in the soil 

treatment facility. We use field screening techniques and results from chemical analytical testing 

of samples obtained from each lift to determine when treatment is complete. We are using 

applicable Ecology (Washington Department of Ecology) cleanup guidelines for diesel-related 

contamination, which is 200 mg/kg (milligrams per kilogram) based on the MTCA (Model Toxics 

Control Act) Method A Compliance cleanup levels. The post-treatment hydrocarbon 

concentrations at the time each lift is removed is below this 200 mg/kg level. The average 

treatment period for each of the lifts removed to date that has been stockpiled on site was 

approximately one month. It is our opinion that the treated soil is a suitable source for fill and 

that the remaining contamination does not represent a significant threat to human health or the 

environment in this application. 

However, we recommend that these soils have the following restrictions regarding fill 

placement: (1) not be placed within planned building footprints, (2) not be placed below the 

seasonal high ground water table, and (3) not be placed in areas where surface water infiltration 

is anticipated. 

Wetland 3 Site Preparation and Fill Considerations 

Fill may need to be placed into Wetland 3 over the existing peat to construct the fill 

embankment for the proposed maintenance building expansion and access road. The fill 

embankment, depending on the location and thickness, may be marginally stable until the peat 

consolidates and gains strength. If the peat is very soft, localized failures could occur as a result 

of very low shear strength and/or excess pore pressures in the peat. The construction should be 

closely monitored to evaluate the stability during construction. It may be necessary to. stop or 

slow the embankment construction for the pore pressures to dissipate and the peat to gain 

sufficient strength. 

We recommend that all grass, brush and trees be cut level with the ground surface in the 

wetland prior to filling. This should be accomplished using hand equipment or lightweight 

equipment that does not disturb the root mat. The vegetation should be raked and removed. We 

recommend that a heavy non-woven geotextile fabric such as Amoco 4553.or Polyfelt TS 700 (or 

other as approved by the engineer) be placed over the area to be filled. 
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The first lift of fill may need to be relatively thick over the geotextile fabric. We 

recommend a minimum 2 feet, but the thickness should be evaluated during placement. It should 

be placed with a small dozer, blading out the fill from stable ground. No compaction of this first 

lift is necessary, in our opinion. We recommend that a layer of geogrid be placed on top of this 

first lift to help stabilize the embankment and to reduce differential settlement along the 

embankment. We recommend the geogrid consist of Tensar BX 1200 (or other as approved by 

the engineer). The geogrid can be unrolled (4 meter width) perpendicular to the slope face. It 

is critical that the geogrid be placed on a flat lift of soil such that no slack is present. 

We recommend that all other fill be placed in accordance with the recommendations for 

structural fill provided earlier in this report. If soil needs to be imported for the project, we 

suggest that a sand borrow be used as import material (rather than a sand and gravel or the on­

site till) for the structural fill to reduce the weight of the embankment and the associated 

settlement of the embankment. 

The fill embankment may settle several feet, depending upon the physical and engineering 

properties of the peat directly underlying the embankment at that location, the loading conditions, 

and other factors. We recommend that a system of monitoring plates be installed to measure the 

actual settlement rates and magnitudes. An example of a typical settlement plate and a 

description of monitoring procedures are presented in Figure 6. Initial elevation readings of the 

settlement plates MUST be obtained when they are placed and before any filling is done. 

We also recommend that simple piezometers be installed at several of the monitoring plate 

locations to record ground water levels. The piezometers can consist of 3/4-inch PVC pipe 

installed in a sand filled hole extending to the ground water. The pipe should have a cap on the 

bottom and holes drilled or slots cut through the pipe from the end cap to the level of the peat 

surface. The pipe should be surrounded by at least 2 inches of sand with a smallest particle size 

larger than the slots or holes in the pipe. 

The elevations of the plates and water levels in the piezometers should be measured by the 

civil engineer on a twice weekly basis during filling so that settlement progress in relation to the 

amount of fill placed can be defined. The settlement progress will also be used to determine 

stability of the embankment during filling. The elevations could be measured on a weekly basis 

thereafter and then monthly toward the end of the construction schedule. These readings should 

be provided to our firm for review and comment, as appropriate. We recommend that several 

plates and piezometers be installed at evenly distributed intervals along the embankment. 

The presence of the measuring rods and piezometers which extend above the settlement 

plates and through the fill may inhibit the mobility of earthmoving equipment to some extent and 

the contractor will have to exercise care to avoid damaging the rods. The construction documents 

should emphasize the importance of protecting the settlement plates and piezometers from 

disturbance. 
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Traffic Access Road 

It would be necessary to pile support the traffic access road in order to minimize placement 

of fill in this area. This could be accomplished by designing the access road as a structural deck 

similar to the floor for the maintenance building. Pile design criteria cannot be determined until 

design loads, nature of the supporting soils and expected penetrations are known. 

Wet Vault/Oil Separator 

Our explorations indicate that the base of the proposed wet vault/oil water separator will 

be founded on glacial till. The footings and the base slab may be founded directly on the glacial 

till or a leveling course of structural fill. 

We recommend that the proposed vault foundation be designed using a maximum allowable 

soil bearing pressure of 4000 psf (pounds per square foot) for dead plus long-term live loads. 

The allowable soil bearing pressure may be increased by up to one-third for seismic loads, 

including edge pressures from overturning moments. We estimate the settlement of the vault 

foundation should be relatively uniform and be less than 1/2 inch provided that the native soils 

are not disturbed during construction. 

The vault walls should be designed for an active earth pressure expressed as a fluid density 

of 35 pcf (pounds per cubic foot) if allowed to yield during backfilling. If the walls will be 

restrained, we recommend that they be designed for at-rest pressure of 50 pcf. The design 

parameters presented in the subsequent "Lateral Resistance" section in Task 2 may be used to 

resist the pressures presented above. 

The vault should be designed with positive drainage. We recommend that at least 18 inches 

of sand and gravel with less than 5 percent fines or pea gravel be placed full height from the base 

of the footing to the base of the pavement section. A perforated drain pipe should be provided 

at the base of the footing. The drain pipe should be sloped to drain and be connected to the 

storm sewer. If positive drainage cannot be provided, we recommend that the wet vault be 

designed with hydrostatic pressure against the walls and hydrostatic uplift on the base. We can 

provide further details should this design be necessary. 

Pavement Design 

We recommend that pavement subgrades be prepared in accordance with the previously 

described site preparation and structural fill recommendations. The pavement subgrade. should 

be compacted to a minimum 95 percent of the MOD based on the ASTM D 1557 test pr~ure. 

Because of the silty on-site materials, we recommend that a 6 and 12 inch subbase layer be 

included in automobile traffic areas and bus/drive areas, respectively. The subbase layer should 

consist of 3/4 inch minus sand and gravel with less than 5 percent fines compacted to 95 percent 

of the MOD. 
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We recommend a pavement section consisting of 4 inches of crushed rock and 2 inches of 

Class B asphalt concrete (AC) for automobile parking areas. We recommend a minimum 

pavement section of 6 inches of crushed rock and 4 inches of AC in main roadway and bus access 

areas. If busses will be allowed to travel in all areas of the site, we recommend that the thicker 

pavement section be used at all locations. 

Asphalt treated base (A TB) may be placed in some areas of the site if grading can be 

accomplished this season as discussed earlier. A 4-inch thickness of ATB may be substituted for 

the crushed rock in the pavement sections provided above. Any areas where the ATB has failed 

should be replaced prior to placing the top course of AC. 

TASK 2: PHASE 38 • VEHICLENANPOOL MAINTENANCE FACILITY DESIGN 

General 

We understand that the vehicle/vanpool maintenance facility will include one larger 

maintenance building and two smaller support buildings. All these buildings will one-story 

concrete tiltup or CMU (concrete masonry unit) structures with slab-on-grade floors. We expect 

relatively light column loads (less than 120 kips) for all the structures. The buildings will be 

located at the south end of the development area (in the vicinity of B-3 and B-4). Based on the 

soil conditions encountered in our borings, this area is underlain by several feet of sandy fill over 

glacial till. 

Site Preparation and Structural Fill 

The site preparation and structural fill recommendations provided in Task 1 above are 

appropriate for preparation of this area. This discussion includes recommendations for stripping, 

site grading and earthwork including fill material and compaction requirements, and the effects 

of weather and/or construction equipment on site soils. As mentioned above, it appears that this 

area is underlain by fill soils. We recommend that the condition of the fill be evaluated when 

the area is stripped. If significant organics or deleterious material is present in the fill, it may 

be necessary to overexcavate some or all of the fill from the building areas. Some compaction 

and/or further remediation may be appropriate. 

Shallow Foundation Support 

Isolated or continuous spread footings founded on the medium dense to very dense soils or 

on structural fill over prepared subgrade soils as described above will provide adequa:te_ support 

for structures with light to moderate column and wall loads. Some of the surficial fill soils are 

in a loose condition. During the dry season, we recommend that these soils be compacted with 

a backhoe mounted vibratory plate or by other means such that a minimum density of 95 percent 

of the MDD is achieved. If this density cannot be achieved, we recommend that the surficial soil 

be removed and replaced with structural fill. Any fill placed below the footing subgrade 
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elevations should be placed as structural fill. During the wet season, it may be necessary to 

excavate the loose material to medium dense soils and pour the footings at that level or replace 

the excavated soils with structural fill consisting of sand and gravel. 

We recommend that isolated column and continuous wall footings have minimum widths 

of 24 and 18 inches, respectively. The base of exterior footings should be founded at least 

18 inches below the lowest adjacent grade for frost protection. Interior footings should be 

founded at least 12 inches below the bottom of the floor slab. 

We recommend a maximum allowable soil bearing pressure of 3000 pounds per square foot 

(pst) for footings founded on structural fill or on the in-situ soils described above. Isolated 

colunm footings with a minimum dimension of 4 feet may be proportioned using an allowable 

bearing pressure of 4500 psf. The allowable bearing pressures apply to the total of dead and 

long-term live loads and may be increased by one-third when considering earthquake or wind 

loads. 

We estimate that postconstruction settlements of footings founded on the dense glacial till 

will be less than 1/4 inch. The settlement of footings founded on structural fill or a combination 

of structural fill and weathered soils and/or existing fill may range from 1/2 to 1 inch, depending 

on actual foundation loads and the thickness of fill and weathered till which underlies 

the footings. Maximum differential settlements between adjacent comparably loaded columns 

should be less than 1/2 inch where there is a gradual transition from column footings supported 

on fill/weathered soil and footings supported on glacial till, assuming column loads less than 

about 120 kips. We estimate that the differential settlement between exterior column footings or 

along continuous footings will be less than 1/2 inch in 40 feet where footings are supported on 

dense native soils and/or structural fill. 

Loose or disturbed soils not removed from the footing excavations prior to placing concrete 

will result in increased settlement. Due to the silt content of the site soils, the footing subgrades 

will be susceptible to disturbance if allowed to become wet. It may be necessary to pour a lean 

concrete "mud mat" or place a layer of sand and gravel or crushed rock in the bottom of 

the footing excavations to protect the footing subgrades from disturbance if footings are 

constructed during wet weather. We recommend that all footing excavations be observed by a 

representative from our firm immediately prior to mud mat or crushed rock, or steel and concrete 

placement to confirm that the bearing surfaces have been prepared in a manner consistent with 

our recommendations. 

Slab-on-Grade Support 

On-grade floor slabs should be supported by the native soils or structural fill after 

completing subgrade preparation procedures outlined above. The subgrade should be compacted 

to a minimum 95 percent of the MOD (ASTM D 1557). 
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We recommend that a 4-inch-thick base course consisting of clean sand and gravel or 

crushed rock be placed as a leveling surface and to form a capillary break. The sand and gravel 

should be well-graded with a maximum panicle size of 3/4 inch and contain less than 5 percent 

by weight passing a No. 200 sieve. 

Where moisture-sensitive floor coverings will be used, such as carpets or tile, we 

recommend that a vapot barrier be placed between the floor slab and the base course. The vapor 

barrier should consist of polyethylene sheeting. In order to maintain the integrity of the vapor 

barrier, a 2-inch layer of sand (if the underlying base course consists of crushed rock) can be 

placed over crushed rock and another 2-inch layer of sand can be placed over the vapor barrier 

to aid in the concrete curing. 

Lateral Resistance 

Lateral loads on building footings may be resisted by passive resistance on the sides of 

the footings and by friction on the base of the footings and floor slab. Passive resistance may 

be determined using an equivalent fluid density of 250 pounds per cubic foot (pcf). The value 

assumes that the native soils or structural fill adjacent to the footings will be compacted to at least 

90 percent of the MDD. Frictional resistance may be determined using 0.4 for the base friction 

coefficient against footings and building floor slabs. The above values incorporate a factor of 

safety of about 1.5. 

Drainage Considerations 

The site will experience seasonally shallow perched ground water conditions due to the 

relatively impermeable glacial till which occur at shallow depths. Structural fill using the on-site 

soil will also be relatively impermeable. Therefore, we recommend perimeter footing drains 

around the buildings. The footing drains should be connected to the site storm drain system. 

We recommend all downspouts be tightlined into the storm drainage system. Downspouts should 

not be connected to footing drains. 

Roads and open space areas should be sloped such that surface water runoff is collected and 

routed to suitable discharge points. We recommend that ground surface adjacent to structures 

be sloped to drain away from the buildings. 

TASK 3: MAINTENANCE BUILDING EXPANSION 

Recommendations presented above regarding foundation design and slab-on-gra<i~ floors, 

settlement performance estimates, and drainage are generally applicable for the maintenance 

building expansion. However, the southeast comer of the proposed maintenance building is 

underlain by loose fill and a wedge-shaped peat deposit that is greater than 24 feet thick.. As 

mentioned previously, the vertical and lateral extent of the peat was not determined during this 

study. It is likely not practical or cost-effective to overexcavate the peat. Therefore, pile support 

of this portion of the building and possibly the access road planned on the south side of the 

expansion will be appropriate. Preliminarily, we recommend that this portion of the maintenance 
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building be supported on timber piles. The piles will gain their support in the native inorganic 

soils underlying the peat and fill. However, if an elevated deck is necessary, driven steel or 

concrete piles may be necessary to provide greater lateral resistance. Pile penetrations necessary 

to develop design capacities will be significantly variable. Pile design criteria should be 

determined once the type of structure, design loads and 0th.er design elements have been 

identified. 

We recommend further subsurface exploration be performed to identify the vertical and 

lateral limits of the peat deposit. This study could be conducted during the site development 

phase of the project. We suggest that the extent of the peat in the vicinity of the existing 

detention pond be explored prior to filling this area. It appears that the peat thickness will be 

very limited in this area and exploring through the base of the detention pond would limit the 

amount of drilling necessary. 

LIMITATIONS 

We have prepared this report for use by Community Transit, Arai/Jackson and other 

members of the project team in the design of a portion of the project. The data and report should 

be provided to prospective contractors for bidding or estimating purposes, but our report, conclu­

sions and interpretations should not be construed as a warranty of the subsurface conditions. 

Site development plans and design details were preliminary at the time of this writing. 

When the design is finalized, we request that we be given the opportunity to review our 

conclusions and recommendations and to provide a written modification or verification. We also 

request the opportunity to review the appropriate portions of the drawings and specifications to 
,-

see that our recommendations have been interpreted and implemented as intended. 

The scope of our services does not include services related to construction safety 

precautions and our recommendations are not intended to direct the contractor's methods, 

techniques, sequences or procedures, except as specifically described in our report for 

consideration in design. 

There are possible variations in subsurface conditions between the locations of the 

explorations and also with time. A contingency for unanticipated conditions should be included 

in the project budget and schedule. Sufficient monitoring, testing and consultation should be 

provided by our firm during construction to confirm that the conditions encountered are consistent 

with those indicated by the explorations, to provide recommendations for design changes should 

the conditions revealed during the work differ from those anticipated, and to evaluate whether 

or not earthwork activities comply with the contract plans and specifications. 

Within the limitations of scope, schedule and budget, our services have been executed in 

accordance with generally accepted practices in this area at the time the report was prepared. No 

other conditions, express or implied, should be understood. 

~ 0 ... 
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The conclusions and recommendations in this report should be applied in their entirety. We 

appreciate the opportunity to provide these services. Please call if there are any questions 

concerning the report or if we can provide additional services. 
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EXISTING 
GROUND SURFACE 

SAND PAD IF 

MEASUREMENT ROD, 1/2" 0 PIPE 
OR REBAR 

CASING, 2" 0 PIPE 
(SET ON PLATE, NOT FASTENED) 

COUPLING WELDED TO PLATE 

SETTLEMENT PLATE, 
1 6" X ·1 6" X 1 I 4" 

(NOT TO SCALE) 

NOTES: 

1. I NS T.ll.LL MARKERS ON FI RM GROUND OR ON SAND PADS IF 
NEEDED FOR STABILITY. TAKE INITIAL READirJG ON TOP 
OF ROD ANO AT ADJACENT GROUND LEVEL PRIOR TO PLACE­
MENT OF ANY FILL. 

2. FOR EASE IN HANDLING, ROD ANO CASING ARE USUALLY 
INSTALLED IN 5-FOOT SECTIONS. AS FILL PROGRESSES, 
COUPLINGS ARE USED TO INSTALL ADDITlONAL 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 ARE RECORDED. 

3. RECORD THE ELEVATION OF THE TOP OF THE MEASUREMENT 
ROD IN EACH MARKER AT THE RECOMMENDED TIME INTERVALS. 
EACH JIME, NOTE THE ELEVATION OF THE ADJACENT FILL 
SURFACE. 

4. READ THE MARKER TO THE NEAREST 0.01 FOOT, OR 0.005 
FOOT IF POSSIBLE. NOTE THE FILL ELEVATION TO THE 
NEAREST 0.1 FOOT. 

5. THE ELEVATIONS SHOULD BE REFERENCED TO A TEMPORARY 
BENCHMARK LOCATED ON STABLE GROUND AT LEAST 100 FEET 
FROM THE EMBANKMENT. 

'1.i~ Geo,, Engineers 
SETTLEMENT PLATE DETAIL 

FIGURE 6 
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APPENDIX A 

. FIELD EXPLORATIONS 

GENERAL 

The surface and subsurface conditions at the project site were explored by perfonning a 

geologic reconnaissance, drilling six test borings, excavating thirteen test pits and hand augered 

borings, and 76 soft soil probes. Exploration locations were detennined by taping from existing 

site features. Ground surface elevations were interpreted from the site topographic survey map 

provided to us by Arai/Jackson. 

The subsurface explorations were continuously logged by an engineering geologist from our 

firm. Soils were classified in accordance with the classification system described in Figure A-1. 

A key to the boring log symbols is presented in Figure A-2. The exploration logs are based on 

our interpretation of the field data and indicate the various types of soils encountered. They also 

indicate the depths at which these soils or their characteristics change, although the change may 

actually be gradual. If the change occurred between samples in the borings, it was interpreted. 

Observations of ground water conditions were made as the explorations were performed. 

In addition, piezometers were installed in the borings to monitor ground water levels following 

drilling. The piezometers consisted of 3/4-inch-diameter PVC pipe placed in the borehole and 

extending to the ground surface. A slotted-tip section was placed on the PVC pipe. 

Each of the field exploration activities is described briefly below. 

GEOLOGIC RECONNAISSANCE 

A geologic reconnaissance of the site and adjacent areas was made to evaluate near-surface 

conditions. Soil exposures, landforms and surface hydrogeologic patterns were mapped and 

described. 

TEST BORING EXPLORATIONS 

Six test borings were drilled on April 5 through 7, 1993 to depths ranging from 14 to 

38.5 feet. The borings were drilled using a truck-mounted Mobile B-61 drill rig provided by 

GeoBoring and Development, Inc. Representative samples were obtained of each soil type 

encountered using a 3-inch-outside-diarneter split-barrel sampler driven into the soil with a 

300-pound hanuner free-falling 30 inches. The number of blows required to drive the sampler 

the last 12 inches, or other indicated distance, is recorded on the boring logs. The logs of the 

borings are presented in Figures A-3 through A-8. 

GeoEngineers A - 1 File No. 2095-011-R73/071293 



TEST PIT EXPLORATIONS 

Thirteen test pits were excavated on April 5 and 26, 1993 to depths ranging from 7 to 

17 feet. TP-1 through TP-9 were completed using a Komatsu PC200LC excavator provided by 

Mccann Construction. TP-10 through TP-13 were dug using a Case 580E Extendahoe provided 

by Custom Backhoe. The base of TP-13 was probed with a steel rod an additional 7 feet below 

the base of the test pit. The test pit logs are presented in Figures A-9 through A-13. 

HAND BORING EXPLORATIONS 

Ten hand augered borings were excavated on April 8, 1993 to depths ranging from 0.5 to 

4 feet. The hand augered borings were completed using a post hole digger and hand auger tools. 

The logs of the hand augered borings are presented in Figures A-14 through A-17. 

PROBE ROD EXPLORATIONS 

Seventy-six probes were conducted in the wetland areas by manually pushing a 1/2-inch 

diameter steel rod into soft soil areas. A small boat was required in Wetland #3 because of the 

water depth. The depth of soft soil is interpreted to be the depth to penetration refusal. The 

depth of the probes is indicated in Figures A-18 and A-19. In some cases, the depth of soft soil 

exceeds the length of probe rods we could push from the boat. This condition is indicated in the 

Figures with a "t" after the probe depth. 

GeoEngineers A-2 File No. 2095-0l l-R73/071293 



SOIL CLASSIFICATION SYSTEM 

MAJOR DIVISIONS GROUP 
GROUP NAME SYMBOL 

GRAVEL CLEAN GRAVEL GW WELL-GRADED GRAVEL. FINE TO 

COARSE COARSE GRAVEL 

GRAINED GP POORLY-GRADED GRAVEL 

SOILS 
MORE THAN 101' GPAVEL GM SILTY GRAVEL 

OF COARSE ~ACTION WITH FINES . RETAINED 
ON NO. 4 SIEVE GC CLAYEY ORA VEL 

MORE THAN 101' 
RETAINED ON 

SANO CLEAN SANO SW 
WELL-GRADED SAND, FINE TO 

NO. 200 SIEVE COARSE SAND 

SP POORL Y-GAADED SAND 

MORE THAN 101' SANO SM SILTY SAND 
OF COARSE ~ACTION WITH FINES 

PASSES 
NO. 4 SIEVE SC CLAYEY SAND 

SILT AND CLAY ML SILT 
FINE INORGANIC 

GRAINED CL CLAY 

SOILS LIQUID LIMIT 
LESS THAN 10 ORGANIC OL ORGANIC SILT, ORGANIC CLAY 

SILT ANO CLAY MH SILT OF HIGH PLASTICITY, ELASTIC SILT 
MORE THAN 1011. INORGANIC 
PASSES NO. 200 

SIEVE CH CLAY OF HIGH PLASTICITY, FAT CLAY 

LIQUID LIMIT 
10 OR MORE ORGANIC OH ORGANIC CL.A Y, ORGANIC SILT 

HIGHLY ORGANIC SOILS PT PEAT 

NOTES: SOIL MOISTURE MODIFIERS: 

1. Fleld classification la baaed on Dry - Absence of moisture, dusty, dry 
visual examination of aoll In general to the touch 
accordance with ASTM 02488- 90. 

Moist - Damp, but no vialble water 
2. Soll classification using laboratory 

teats Is baaed on ASTM 0248 7- 90. Wat - Vlslble tree water or saturated. 

3. Descriptions of soil density or 
usually soil Is obtained from 

consistency are based on 
below water table 

Interpretation of blowcount data, 
visual appearance of soils, and/or . 
test data. 

,~,,,. SOIL CLASSIFICATION SYSTEM 

Geo~~ Engineers FIGURE A-1 



LABORATORY TESTS: 

AL Atterberg limits 
CP Compaction 
cs Consolidation 
OS Direct shear 
GS Grain - size 
o/oF Percent fines 
HA Hydrometer analysis 
SK Permeability 
SM Moisture content 
MD Moisture and density 
SP Swelling pressure 
TX Triaxial compression 
UC Unconfined compression 
CA Chemical analysi~ 

BLOW-COUNT/SAMPLE DATA: 

Blows required to drive a 2.4-inch 1.0. 
split-barrel sampler 12 inches or 
other indicated distances using a 
300-pound hammer falling 30 inches. 

Blows required to drive a 1.5-inch 1.0. 
(SPT) split-barrel sampler 12 inches 
or other indicated distances using 
140-pound hammer falling 30 inches. 

"P" indicates sampler pushed with 
weight of hammer or against weight 
of drill rig. 

NOTES: 

SOIL GRAPH: 

SM Soil Group Symbol 
(See Note 2) 

Distinct Contact Between 
Soil Strata 

Gradual or Approximate 
Location of Change 
Between Soil Strata 

~ Water Level 

Bottom of Boring 

22 I Location of relatively 
undisturbed sample 

12 g Location of disturbed sample 

11 O Location of sampling attempt 

10 (I 

with no recovery 

Location of sample obtained 
in general accordance with 
Standard Penetration Test 
(ASTM D-1586) procedures 

26 a] Location of SPT sampling 
attempt with no recovery 

; Location of grab sample 

1 . The reader must refer to the discussion in the report text, the Key to Boring Log Symbols 
and the exploration logs for a proper understanding of subsurface conditions. 

2. Soil classification system is summarized in Figure A-1. 

~ ... ----------------------------------------------------------------------1 I 
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TEST DATA BORING B-1 

"' ~ DESCRIPTION 
Moi.wre Dry ~ § e Group· 
Conicnt Ocnaity ii8 ~ Symbol Approximate Surface Elevation (ft.): 666 

Lab Teau (~) cO o-,-~~~~--~ ..... --~.,.....~~~~~~~.,....._..~~,:--"'r"~~~~~~~"'r"~~~~~~~~--o 
SM Brown silty f111e to medium lilnd with fine gravel (medium dense, 

moist) (weathered soil) 

SM Gray silty lilnd with gravel (dense to very dense, moist) (glacial 

35 I till) 

5 Drill action indic::aw presence of cobbles 5 

5016· I 

10 10 

5016" I 

15 15 

... 
w 
w 
II,. 

~ S0/6" I 
z ... 
a.. 
w 20 20 0 

5015" I 

25 25 

.., 
Cll 

5014" D = (Q 

ell 
~ 30 30 
'.d 
~ 
ell 

S0/6" I 

35 35 

5016" I 
Boring completed al 38.5 feet on 04105193 

40 
No ground waxer observed al the time of drilling 

40 

Note: See Figure A-2 for explanalion of symbols 

-~.ta 
Geo q, Engineers 

LOG OF BORING 

FIGURE A-3 
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TEST DATA BORING B-2 

.. 
~ DESCRimON 

Moi1111re pry ii: c e Group 
Con1e11t Density _g S .~ Symbol ApproximateSurfacc Elevation (ft.) : 665 

Lab Te.. (4') I) mu •• o_,.;;;;;;...;.;,;.....,...;. __ __.;.;.;,:. __ oP""-____ ---1~~!"'P.'..--.._--~--~~~----"'!'-~-----.-------------o 
SM Brown silty sand with tine gravel and occasion&! roou (loose, 

moist) (weathered soil) 

1 I 

SM Gray silty sand with gravel (very dense, moist) (glacial till) 

5 5 

S0/6" I 

10 ML Gray sandy silt witb gravel (hard, moist) (glacial till) 10 

5016° I 

15 SM Ciray silty sand witb gravel (very dense, moist) (glacial till) 15 

SOIS" I 

~ 20 20 

S0/6" ~ 

ML Ciray sandy silt with gravel (hard, moist) (glacial till) 
25 25 

S0/6° I 

30 SM Ciray silty sand with gravel (very dense, moist) (glacial till) 30 

5013• I 

35 35 

5014" I 
Boring completed at 37 .0 feet on 04/06193 
No ground water observed at the time of drilling 

40 40 

Note: See Figure A-2 for e,q,lanation of symbols 

~JJ Geo q, Engineers 
LOG OF BORING 

FIGURE A-4 
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TEST DATA BORING B-3 

.. 
~ DESCRIPTION 

MoilWre Dry ~ § E Group 
Con&cfll Density - o .~ Symbol ~mete Surface Elevation (ft.) : 666 

Lab Tcm (~) o mu •• o...,.;;--~--..... ~--~~-,-~~~"'r."'!"~~~....,_.~._.,....~..,..--:-.._~--~~~--~----------o 
SP Brown medium sand with fine gravel (loose to medium dense, 

moist) (weathered soil and fill) 

17 I 

5 5 
10 I 

SM Brown silty sand with gravel (dense to very dense, wet) (glacial till) 

37 I 

10 10 

14111 • I 
Boring completed at 14.0 feet on 04/06/93 

15 Ground Water observed at 7 .0 feet at the time of drilling 15 

20 20 

25 25 

30 30 

35 35 

40 40 

Note: Sec Figure A-2 for explanation of symbols 

·~I''' 
Geo'' Engineers 

LOG OF BORING 
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TEST DATA BORING B-4 

:l DESCRimON 
Moi.aure [)ry ! § } Group 
Comcnl Dcuily s8 Jl Symbol Approldmate Surface Elevation (It.} : 665· 

ub Te .. (~) t) 0-... ......................... --~..:iii;.;--...... ~~~~ .................... ...,.._,. .......... -.:--................ ~ ..... ..--.. .......... ~ ................. ,.......~~~--o 
SM Brown silty sand with gravel (medium dense, moist) (fill) 

28 I SP Brown medium sand with fine gravel (medium decse, moist) 
(weathered soil and fill} 

5 5 
32 I SM Brown silty sand with gravel (dense to very dense, moist) (glacial 

till) 

90 I 

10 10 

100 I 
Boring completed at 14.0 feet on 04/06/93 

15 No ground water observed at the time of drilling 15 

20 20 

25 25 

30 30 

35 35 

40 40 

Note: See Figure A-2 for explanation of symbols 

;1'(11•· 

Geo ,,Engineers 
LOG OF BORING 
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TEST DATA BORING B-5 

.. 
~c. DESC~PTION 

Moimare I:>ry 3 i: e Group 
Com.ell& Denai1y ~ S .! Symbol ~mate Surface Elevation (ft.): 665 

Lab Teltl (~) f) mu -· o~----------...-..;... ......................... _.., __ .._~ ............ ...-...-...-...-....-...-...-...-...-...--,....-...-...-...-...-...-...-...-.......... 0 
SM Moalcd gray and brown silty sand with occ:uional gravel (very 

1-
w 
w 
u.. 

~ 
::t: 
t 

5 

15 

~ 20 

25 

30 

35 

40 

dense, moist) (weathered soil and fill) 

53• I 

Drill action indicates prcac:ncc: of cobbles at 5 feet s 
SM Gray silty sand with gravel (vc:ry dense, moist) (glacial till) 

100 I 

100 I 

Note: Sec: Figure A-2 for explanation of symbols 

~~ Geo~, Engineers 

Boring completed at 14.0 feet on 04/06/93 
No ground water observed at the time: of drilling 1 S 

•Blow count may not be rc:prc:sc:ntative of actual conditions bc:c:ausc: 
of the presence: of gravel and cobbles 

LOG OF BORING 

FIGURE A-7 
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TEST DATA 

Moitturc Ory :l c: c= 
Con&cnt Oclllily - c 

BORING B-6 

... 
i_ DESCRIPTION 

i s';::1 Apc,roximate Surface Elevation (ft.) : 665 

"' Lab Tuu ($) ct) mu 
o~-----------------,.------......,.,.,,.. ....... ....,,.,..,...---i=~....,.-----~"!"""-----!'!"'""----...... ~----------------0 SM Gray silty sand with gravel (loose to medium dense, moist) 

(weathered soil and till) 

17 

5 5 
12 

4 I 

10 10 

SM Gray silty sand with gravel (very dense, moist) (glacial till) 
5014" ~ 

15 15 

5016" 181 

Boring completed at 18.5 feet on 04/07/93 
No ground water observed at the time of drilling 

20 20 

25 25 

30 30 

35 35 

40 40 

Note: See Figure A-2 for explanation of symbols 

,~11•· 
Geo qll Engineers 

LOG OF BORING 
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DEPTH BELOW 
GROUND SURFACE 

(FEET) 

0.0 - 0.5 

0.5 • l.S 

l.S - 8.0 

0.0 - 0.3 

0.3 - 3.5 

3.5 - 8.0 

0.0 • 1.0 

1.0 • 2.0 

2.0 - 3.5 

3.5 - 7.0 

SOIL GROUP 
CLASS1F1CA TION 

SYMBOL 

SM 

SM 

SP-SM 

SM 

SM 

SP 

SM 

LOG OF TEST PIT 

DESCRIPTION 

TESI' PIT TP-1 

Approximate surface elevation: 654 feet 

Forest duff and topsoil 

Brown and gray silty sand with a ttace of gravel (medium dense, moist) 

Gray silty sand with gravel and occasional cobbles (very dense. moist) (glacial till} 

Test pit completed at 8.0 feet on 04/05/93 due to practical digging refusal 

No ground water seepage observed 

Disturbed soil sample obtained at 4.0 feet 

TESI' PIT TP-2 

Approximate surface elevation: 664 feet 

Forest duff and topsoil 

Brown fine to medium sand with silt (loose to medium dense, moist to wet) (fill?) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 8.0 feet on 04/05/93 due to practical digging refusal 

Moderate caving of test pit sidewalls from 0.0 to 3.5 feet 

Moderately rapid ground water seepage observed at 3.5 feet 

Disturbed soil sample obtained at 5.0 feet 

TESI' PIT TP-3 

Approximate surface elevation: 666 feet 

Forest duff and topsoil 

Brown silty fine sand with a ttace of gravel (medium dense, moist) 

Brown medium sand with gravel (medium dense, moist) (recessional outwash) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 7 .0 feet on 04/05/93 due to practical digging refusal 

No ground water seepage observed 

Disturbed soil sample obtained at 5.0 feet 

THE DEPTHS ON THE TEST PIT LOGS, AL THOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS nIE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT . 

... ~,,,. 
Geo RIEngm· eers ~Jii"' 

LOG OF TEST PIT 

FIGURE A-9 



DEPTH BELOW 
GROUND SURFACE 

(FEET) 

0.0 • 1.0 

1.0 • 3.0 

3.0 • 7.0 

0.0 • 0.5 

0.5 • 2.0 

2.0 • 7.0 

0.0 • 0.5 

0.5 • 2.5 

2.5 • 8.0 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

SM 

SM 

SM 

SM 

SM 

SM 

LOG OF TEST PIT 

DESCRIPTION 

TEST PITTP-4 

Approximate surface elevation: 666 feet 

Forest duff and topsoil 

Brown silty fine sand with a trace of gravel (medium dense, moiSt) 

Gray silty sand with gravel and occasional cobbles (very dense, moiSt) (glacial till) 

Test pit completed at 7 .0 feet on 04/0S/93 due to practical digging refusal 

No ground water seepage observed 

Disturbed soil sample obtained at 4.0 feet 

TEST PIT TP-S 

Approximate surface elevation: 664 feer 

Forest duff and topsoil 

Brown silty fine sand with a trace of gravel (medium dense, moist to wet) 

Gray silty sand with gravel and occasional cobbles (very dense, moiSt) (glacial till) 

Test pit completed at 7 .0 feet on 04/0S/93 due to practical digging refusal 

Moderate caving of test pit sidewalls from 0.0 to 2.0 feet 

Rapid ground water seepage observed at 7 .0 feet 

TEST PIT TP-6 

Approximate surface elevation: 660 feet 

Forest duff and topsoil 

Brown silty fine sand with a trace of gravel (medium dense, moist) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 8.0 feet on 04/0S/93 due to practical digging refusal 

No ground water seepage observed 

Disturbed soil sample obtained at 5.0 feet 

TIIE DEPTHS ON TiiE TEST Prr LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS 'lltE TEST Prr AND SHOULD BE CONSIDERED ACCURATE TO O.S FOOT . 

... ~,,,. 
Geo RmEngm· eers ~ .... 

LOG OF TEST PIT 

FIGURE A-10 



DEPTH BELOW 
GROUND SURFACE 

!FEETI 

0.0 • 0.5 

0.5 - 2.0 

2.0 - 7.5 

0.0 - 1.0 

1.0 - 2.5 

2.5 - 8.0 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

SM 

SM 

SM 

SM 

LOG OF TEST PIT 

DESCRIPTION 

TEST PIT TP-7 

Appro1timate surface elevation: 663 feet 

Forest duff and topsoil 

Brown silty fine sand with a irace of gravel (medium dense, moist) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 1.5 feet on 04/05/93 due to practical digging refusal 

Moderate caving of test pit sidewalls from 0.0 to 2.0 feet 

Moderate caving of test pit sidewalls from 0.0 to 2.5 feet 

Rapid ground water seepage observed at 2.0 feet 

TEST PIT TP-8 

Appro1timate surface elevation: 654 feet 

Forest duff and topsoil 

Gray silty sand with a trace of gravel (medium dense, moist to wet) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 8.0 feet on 04/05/93 due to practical digging refusal 

Moderate caving of test pit sidewalls from 0.0 to 2.5 feet 

Rapid ground water seepage observed at 2.5 feet 

THE DEPTHS ON THE TEST PIT LOGS, AL THOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO O.S FOOT. 

't\t.»J 
Geo .,Engineers 

LOG OF TEST PIT 

FIGURE A-11 



DEPTH BELOW 
GROUND SURFACE 

(FEET} 

0.0 • 0.3 

0.3 • 1.5 

1.5 • 2.0 

2.0 • 4.0 

4.0. 10.0 

0.0 • 3.5 

3.5 • 9.5 

9.5 • 11.0 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

SP 

ML 

SM 

SM 

SM 

PT 

SM 

LOG OF TEST PIT 

DESCRIPTION 

TES1' PIT TP-9 

Approximate surface elevation: 668 feet 

Forest duff and topsoil 

Gray medium to coarse sand (loose, moist) (fill) 

Dark brown organic silt and roots (soft, moist) (buried topsoil) 

Brown silty fme sand with a aacc of gravel (medium dense, wet) 

Gray silty sand with gravel and occasional cobbles (very dense, moist) (glacial till) 

Test pit completed at 10.0 feet on 04105193 due to practical digging refusal 

Moderate caving of test pit sidewalls from 0.0 to 4.0 feet 

Moderately rapid ground water seepage observed from 3.0 to 4.0 feet 

TESI' PIT TP-10 

Approximate surface elevation: 652 feet 

Gray silty sand with gravel and occasional cobbles (loose, moist to wet) (fill) 

Dark brown peat with occasional wood fragments and logs (soft, wet) 

Gray silty sand with gravel (medium dense, wet) 

Test pit completed at 11.0 feet on 04126/93 

Moderate caving of test pit walls from O to 4 feet 

Rapid ground water seepage observed at 1.0 foot 

Disturbed soil sample obtained at 5.0 feet 

.THE DEmlS ON TiiE TEST PIT LOOS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT . 

.. (((JJ 
GeoEitlEngm· eers ~ ... LOG OF TEST PIT 

FIGURE A-12 



DEPTH BELOW 
GROUND SURFACE 

(FEETI 

0.0 • 6.0 

6.0 · 16.0 

16.0 • 17.0 

0.0 • 3.5 

3.5 • 4.5 

4.5 • 8.0 

8.0 • 9.0 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

SM 

PT 

SM 

SM 

OL 

SM 

SM 

LOG OF TEST PIT 

DESCRIPTION 

TESI' PIT TP· 11 

Approximate surface elevation: 658 feet 

Gray silty sand with gravel and occasional cobbles (loose, moist to wet) (fill) 

Dark brown peat with occasional wood fragments and logs (soft. wet) 

Brown sHty sand with gravel and abundant organic matter (loose, wet) 

Test pit completed at 17.0 feet on 04/26/93 

Moderate caving of test pit sidewalls for full depth 

Rapid ground water seepage observed at 2.0 feet 

Disrurbed soil samples obtained at 7.0 and 10.0 feet 

TEST PIT TP-12 

Approximate surface elevation: 653 feet 

Gray silty sand with gravel and occasional cobbles (loose. wet) (fill) 

Black organic silt and sand with abundant roots (soft. wet) (burned tt>psoil) 

Brown and gray silty sand with gravel and occasional roots (loose tD medium dense, 
wet) 

Gray silty sand widl gravel and occasional cobbles (dense tD very dense, moist) 
(glacial till) 

Test pit completed at 9.0 feet on 04/26/93 

Moderate caving of test pit sidewalls from O to S feet 

Rapid ground water seepage observed at 2.0 feet 

lliE DEPTIIS ON TIIE TEST PIT LOGS. ALTIIOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS TIIE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT. 

--ta.1a Geo EiflEngm· eers "'pill" 
cl.OG OF TEST PIT 

FIGURE A-13 



DEPTH BELOW 
GROUND SURFACE 

(FEETI 

0.0 • 6.0 

6.0 • 17.0 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

SM 

PT. 

LOG OF TEST PIT 

DESCRIPTION 

TEST PIT TP· 13 

Approximate surface elevation: 653 feet 

Gray silty sand with gravel and occasional cobbles (loose, moist to wet) (fill) 

Darlc brown peat with wood fragments and logs (soft, wet) 

Probed through soft soil (peat?) to depth of 24 feet 

Test pit completed at 17.0 feet on 04126/93 

Moderate caving of test pit sidewalls from O to 6 feet 

Rapid ground water seepage observed at 2.0 feet 

Disturbed soil sample obtained at 8.0 feet 

THE DEPTHS ON TiiE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF 
MEASUREMENTS ACROSS raE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0 . .5 FOOT. 

LOG OF TEST PIT 

FIGURE A-14 



LOG OF HAND-AUGERED BORING 

DEPTH BELOW 
GROUND SURFACE 

(FEETI 

0.0 - 1.0 

1.0 - 1.7 

0.0 • o.s 

o.s -2.0 

2.0 - 2.5 

0.0 - 2.9 

SOIL GROUP 
CLASSIFlCA TION 

SYMBOL 

SM 

SM 

OL 

SM 

SM 

SM 

DESCRIPTION 

HAND-AUGERED BORING HA-1 

Approximate surface elevation: 663 feet 

Dark brown silty sand with gravel and abundant organic matter (loose, wet) 

Gray silty sand with gravel (medium dense to dense. wet) 

Hand-augered boring completed at 1.7 feet on 04/08193 due to practical digging 
refusal 

Water seepage observed at the surface 

HAND-AUGERED BORING HA-2 

Approximate surface elevation: 663 feet 

Dark brown organic silt (soft. wet) 

Brown silty sand with gravel and abundant organic matter (loose, wet) 

Gray silty sand with gravel (medium dense, moist to wet) 

Hand-augered boring completed at 2.5 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

HAND-AUGERED BORING HA-3 

Approximate surface elevation: 663 feet 

Dark brown silty sand with gravel and abundant organic matter (loose to medium 
dense, wet) 

Hand-augered boring completed at 2.9 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

ntE DEPntS ON THE HAND BORING LOOS, ALTHOUGH SHOWN TO 0.1 FOOT. ARE BASED ON AN AVERA,GE 
OF MEASUREMENTS ACROSS ntE HAND BORING AND SHOULD BE CONSIDER.ED ACCURATE TO 0.5 FOOT. 

.,. ,,, 
Geo ~,r= Engineers 

LOG OF HAND-AUGERED BORING 

FIGURE A-15 



LOG OF HANO-AUGERED BORING 

DEPTH BELOW SOIL GROUP 
GROUND SURFACE CLASSIF1CA TION 

(FEETl SYMBOL DESCRIPTION 

HAND-AUGERED BORING HA-4 

Approximate surface elevation: 665 feet 

0.0 - 1.5 SM Brown silty sand with abundant organic maa.er (loose, wet) 

1.S-4.1 SM Gray silty sand with gravel (medium dense to dense, moist to wet) 

Hand-augered boring completed at 4.1 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at 1.0 foot 

HAND-AUGERED BORING HA-5 

Approximate surface elevation: 651 feet 

0.0 - 0.4 OL Darlt brown organic silt (soft. wet) 

0.4 - 2.1 SM Brown silty sand with gravel (loose, wet) 

2.1 - 3.1 SM Gray silty sand with gravel (medium dense, wet) 

Hand-augered boring completed at 3.1 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

HAND-AUGERED BORING HA-6 

Approximate surface elevation: 651 feet 

. 0.0 - 0.3 OL Dark brown organic silt (soft. wet) 

0.3 - 1.7 SM Gray silty sand with gravel (loose to medium dense, wet) 

Hand-augered boring completed at 1. 7 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

. 

TiiE DEPTHS ON TiiE HAND BORING LOGS, AL TIIOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE 
OF MEASUREMENTS ACROSS TIIE HAND BORJNG AND SHOULD BE CONSIDERED ACCURATE TO O.S FOOT. 

,,, LOG OF HAND-AUGERED BORING 

Geo ~,=Engineers FIGURE A-16 



· DEPTH BELOW 
GROUND SURFACE 

(FEETI 

0.0 - 0.5 

0.5 - 2.7 

2.7 - 3.2 

0.0 - 1.5 

0.0 - 0.5 

0.5 - 2.5 

LOG OF HAND-AUGERED BORING 

SOIL GROUP 
CLASSIFICATION 

SYMBOL 

PT 

ML 

SM 

OL 

OL 

SM 

DESCRIPTION 

HAND-AUGERED BORING HA-7 

Approximate surface elevation: 651 feet 

Dark brown peat (very soft, wet) 

Darlc brown silt with sand and abundant organic matt.er (soft. wet) 

Brown silty sand with gravel (medium dense, moist to wet) 

Hand-augered boring compler.ed at 3.2 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

HAND-AUGERED BORING HA-8 

Approximate surface elevation: 651 feet 

Darlc brown organic silt (soft. wet) 

Hand-augered boring compler.ed at 1.5 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

HAND-AUGERED BORING HA-9 

Approximate surface elevation: 651 feet 

Dark brown organic silt with sand (soft, wet) 

Brown silty sand with gravel (loose to medium dense, wet) 

Hand-augered boring compler.ed at 2.5 feet on 04/08/93 due to practical digging 
refusal 

Water seepage observed at the surface 

ll{E DEPTHS ON mE HAND BORING LOGS, AL ll{OUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE 
OF MEASUREMENTS ACROSS TiiE HAND BORING AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT. 

LOG OF HAND-AUGERED BORING 

FIGURE A-17 



' LOG OF HAND-AUGERED BORING 
' 

DEPTH BELOW SOIL GROUP 
GROUND SURFACE CLASSIFICATION 

(FEET) SYMBOL DESCRIPTION 

HAND-AUGERED BORING HA-10 

Approximate surface elevation: 651 feet 

0.0 - 1.0 OL Dark: brown organic silt with sand (soft. wet) 

1.0 - 2.5 SM Brown silty sand with gravel (loose to medium dense, wet) 

Hand-augered boring completed at 2.5 feet on 04/08/93 due to practical digging 
refusal 

Water seepage obsen-ed at the surface 

HAND-AUGERED BORING HA-11 

Approximate surface elevation: 665 feet 

0.0 - 0.5 SM Gray silty sand with gravel (dense, moist) 

Hand-augered boring completed at 0.5 feet on 04/08/93 due to practical digging 
refusal 

No ground water observed 

. 

THE DEPTIIS ON THE HAND BORING LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE 
OF MEASUREMENTS ACROSS THE HAND BORING AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT . 

.,~,,,. LOG OF HAND-AUGERED BORING 

Geo El Engineers ~pill' FIGURE A-18 



. 
WETLAND 3 

Probe Water Depth Organic Soil Granular Soil 
Number (feet) Thickness (feet) Thickness (feet) 

1 1.3 0 2.2 
2 1.8 0 5.2 
3 1.0 0 4.0 
4 1.2 0 6.8 
5 2.5 8.5+ 0 
6 3.0 8.0+ 0 
7 2.7 7.3+ 0 
8 2.8 8.2+ 0 
9 2.8 8.2+ 0 

10 7.5 2.5+ 0 
11 1.3 9.7+ 0 
12 2.8 8.2+ 0 
13 2.5 8.5+ 0 
14 3.3 7.7+ 0 
15 3.0 8.0+ 0 
16 2.9 8.1 + 0 
17 2.3 3.7+ 0 
18 2.8 6.2 1.0 
19 2.8 4.2 2.0 
20 2.8 4.2 1.0 
21 2.8 6.7 0.5 
22 2.4 3.6 0.5 
23 2.3 0 1.5 
24 2.7 8.3+ 0 
25 2.5 4.5 1.0 
26 2.5 0 1.0 
27 2.1 7.9 0 
28 2.7 3.0 2.0 
29 2~7 0 7.0 
30 2.5 1.0 5.0 
31 2.7 0 1.0 
32 1.7 9.3+ 0 
33 1.7 9.3+ 0 
34 1.2 0.5 5.0 
35 0 0.2 0.2 
36 0 0.5 0.2 
37 0.3 1.0 0.2 
38 0.3 1.0 0.3 
39 0.4 1.0 0.5 
40 0.4 1.0 0.2 
41 0.8 1.0 0.8 
42 0.8 1.0 0.5 · 
43 0.6 1.0 0.3 
44 0.3 1.0 0.4 
45 0.3 0.8 0.1 

'~JJ LOG OF PROBE 

Geo RilEngineers ~Jiii"' FIGURE A-19 



Probe 
Number 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Probe 
Number 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 

Water Depth 
(feet) 

0.4 
0 
0 
0 
0.6 
0 
1.0 
0.9 
0.7 
0 
0.4 
0.4 
0.4 

.0.4 
0.5 
0.4 
0.8 
0.6 
1.0 
0.6 

Water Depth 
(feet) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.8 

WETLAND 1 

Organic Soil 
Thickness (feet) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
1.0 

WETLA\ND 3A 

Organic Soil 
Thickness (feet) 

1.0 
0.3 
1.0 
1.0 
1.0 
1.0 
0.5 
1.0 
1.0 
1.0 
1.0 

Granular Soil 
Thickness (feet) 

0.6 
0.9 
0.8 
0.9 
0.2 
0.8 
0 
0 
0.1 
0.2 
0.3 
0.6 
0.7 
0.8 
0.7 
0.2 
1.0 
0.4 
0 
0.2 

Granular Soil 
Thickness (feet) 

0.6 
0.2 
0.6 
0.4 
0.2 
0.2 
0.2 
0.7 
1.0 
0.2 
0.4 

Note: Probing involves pushing a steel rod into soft soils and does not include actual soil sampling. 
The above interpretations are based on probe resistance and therefore should be considered 
approximate. Actual subsurface conditions may be different than those presented abbve. 

--((1.»a 
GeoRl!IEngm· eers "'Jill" 

LOG OF PROBE 

FIGURE A-20 



APPENDIX B 



May 5, 1993 
Northwest Office 
Lab. No. 58950 

SOIL AND PLANT LABORATORY, INC. 

GEO ENGINEERS 
8410 154th Avenue NE 
Redmond, WA 98052 

Attention: Brian Beaman 

'

.t. .~N f1 •' ~,._c3 
il'\I ~ 0 I,.,. 

Routing ~t?::8:::::::::::::::::8 ....................... t5:":~:::: 
File ...... ,, ............ · · · , , ........... . 

· As requested, the enclosed data are provided without interpretaton or comment. 

Manager, Northwest 

P.O. Box 1648, Bellevue, Washington 98009-1648 (206) 746-6665 
FAX Number: 206-562·9531 



~ gotQ and cpQant ~abo1tato1t~. 9nc. 
PO. Box 6566, Orange, Calllorma 92613-6566/(714) 282-8777 /FAX (714) 282-8575 

PO. Box 153, Sar.la Clara, California 950~2-0153/(408) 727-0330/FAX (408) 727-5125 

PO. Box 1648, Bellevue. washmglon 98008-1648/(206) 746-6665/FAX (206) 562-95;11 

GEO ENGINEERS 
8410 154th Avenue NE 
Redmond, WA 98052 
Attention: Brian Beamen 

Sam Half pH/ 
ple Sat\./ Qual I 

I 

ORGANIC AMENDMENT Northwest Office 
ANALYSIS Lab No. 58950 

(A08 or A09) 

samples Taken: Samples Rec'd: 4/30/93 

------------Parts Per Million Parts Dry Soil---------------sat Ext--
N03 NH4 P04 I B Na I 

# TEC Lime ECe I N N p K Ca Mg Cu Zn Mn Fe I ppm eSAR I Sample Description & Log Number 

1 457 4.6 0.1 115 35 106 288 6619 1209 4 8 8 140 0.10 TPl0-1 
0.2 0.2 0.1 0.2 0.3 0.3 0.2 0.1 0.3 0.3 93-A14041 33 2 

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

Sam 
ple 

# 

1 

------As Rec'd------ --------------Values Based upon dry weight-----------------
1 Bulk Dry I ----------percent passing------- Acid Ext Halfl 
IH20 Density Matter! Org. j9.51 6.35 4.75 2.38 1.00 0.50 I TKN Iron Sat I 

pH ECel \ lbs/yd3 lbs/yd3l \ I mm mm mm mm mm mm I , , , !Sample Description & Log Number 

4.6 0.1 86.1 1370 190 76.6 59.8 38.2 29.1 15.6 6.5 4.0 1.42 0.123 457 TPl0-1 
93-A1404133 2. 

~-------------------------------------------------------------------------------------------------------------5/ 5/9: 
Half Saturation \=approx field moisture capacity. Boron and salinity(ECe (dS/m at 25 deg.C.)) by sat ext method. Major element£ 
by sodium chloride extraction (phosphorus by sodium bicarbonate extraction). Micronutrients by DTPA extraction. Interpretation 
guide below each element (l.O=predicted sufficiency level for average fertility requiring crops). eSAR = Estimated sodium 
adsorption ratio. Na=Sodium (meq/1). TEC (listed below Half Sat. when requested)•Estimated Total Exchangeable Cations (meq/kg) 



~ ~iQ and cpQant ~abo1tato1ty. 9nc. 
EO ENGINEERS 
410 154th Avenue NE 
edmond, WA 98052 
ttention: Brian Seamen 

Samples Taken: 

ORGANIC AMENDMENT 
ANALYSIS 

(A08 or A09) 

Samples Rec'd: 

P.O. Box 6566, Orange, Calitornia 92613-6566/(714) 262-6777 IFAX (714) 262-1s575 

P.O. Box 153. Sar.ta Clara. Cahlornia 95052-0153/(406) 727-0330/FAX (408) 727-5125 

P.O. Bo• 1646, Bellevue. Washington 96006-1646/(206) 746-6665/FAX (206) 562-9~31 

4/30/93 

Northwest Office 
Lab No. 58950 

Sam Half pH/ ------------Parts Per Million Parts Dry Soil---------------sat Ext--
ple Sat\/ Qual I N03 NH4 P04 I 8 Na I 

I I 
I TEC Lime ECe I N N p K Ca Mg Cu Zn Mn Fe I ppm eSAR I Sample Description & Log Number 

2 578 4.4 0.1 142 67 219 354 5664 1168 0 4 8 152 0.06 TPl0-2 
0.2 0.4 0.1 0.1 0.3 o.o 0.1 o.o 0.3 0.2 93-Al4042 33 2 

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

:am 
1le 
I 

2 

------As Rec'd------ --------------Values Based upon dry weight-----------------
1 Bulk Dry I ----------percent passing------- Acid Ext Halfl 
IH20 Density Matterl Org. j9.51 6.35 4.75 2.38 1.00 0.50 I TKN Iron sat I 

pH ECel \ lbs/yd3 lbs/yd3I \ I mm mm mm mm mm mm I \ \ \ :sample Description & Log Number 

4.4 0.1 88.7 1455 164 92.7 74.0 39.0 28.l 15.1 6.8 4.1 1.22 0.064 578 TPl0-2 
93-A14042332. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5/ 5/93 

lalf Saturation \=approx field moisture capacity. Boron and salinity(ECe (dS/m at 25 deg.C.)) by sat ext method. Major elements 
>y sodium chloride extraction (phosphorus by sodium bicarbonate extraction). Micronutrients by DTPA extraction. Interpretation 
3uide below each element (l.O=predicted sufficiency level for average fertility requiring crops). eSAR = Estimated sodium 
idsorption ratio. Na=Sodium (meq/1). TEC (listed below Half Sat. when requested)=Estimated Total Exchangeable Cations (meq/kg) 



~ goiQ and cpQant ~abo/latoll~. 9nc. 
GEO ENGINEERS 
8410 154th Avenue NE 
Redmond, WA 98052 
Attention: Brian Seamen 

samples Taken: 

ORGANIC AMENDMENT 
ANALYSIS 

(A08 or A09) 

Samples Rec'd: 

, 
PO Box 6566, Orange, Cahtornia 92613-6566/(714) 282-8777 /FAX (714) 2fu-857:> 

PO. Box 153, Sar.ta Clara. Calitornia 95052-0153/(4081 727-0330/FAX (408) 727-M2 

PO. Box 1648. Bellevue. Washington 98008-1648/(206) 746-6665/FAX (206) $2-95: 

4/30/93 

Northwest Office 
Lab No. 58950 

Sam Half pH/ ------------Parts Per Million Parts Dry Soil---------------Sat Ext--
ple Sat\/ Qual I N03 NH4 P04 I B Na I I I 

# TEC Lime ECe I N N p K Ca Mg Cu Zn Mn Fe I ppm eSAR I Sample Description & Log Number 

3 286 4.6 0.1 76 40 238 190 2857 438 4 4 4 168 0.12 TPll-1 
0.2 a.a 0.1 0.1 0.2 0.5 0.1 o.o 0.6 0.4 93-Al4043 33 

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

Sam 
ple 

# 

3 

------As Rec'd------ --------------Values Based upon dry weight-----------------
1 Bulk Dry I ----------percent passing------- Acid Ext Halfl 
IH20 Density Matterl Org. 19.51 6.35 4.75 2.38 1.00 a.so I TKN Iron Sat l 

pH ECel \ lbs/yd3 lbs/yd3I \ I mm mm mm mm mm mm I \ % \ !Sample Description & Log Number 

4.6 0.1 79.0 1229 258 65.2 90.7 67.1 55.1 33.2 20.1 12.6 0.81 0.102 286 TPll-1 
93-Al4043 33 ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-5/ 5/~ 

Half saturation \=approx field moisture capacity. Boron and salinity(ECe (dS/m at 25 deg.C.)) by sat ext method. Major element 
by sodium chloride extraction (phosphorus by sodium bicarbonate extraction). Micronutrients by DTPA extraction. Interpretatio 
guide below each element (l.O=predicted sufficiency level for average fertility requiring crops). eSAR = Estimated sodium 
adsorption ratio. Na=Sodium (meq/1). TEC (listed below Half Sat. when requested)=Estimated Total Exchangeable Cations (meq/kg 



~ .QoiQ and cpQant ~abollatoll~. 9nc. 
GEO ENGINEERS 
8410 154th Avenue NE 
Redmond, WA 98052 
Attention: Brian Seamen 

Samples Taken: 

ORGANIC AMENDMENT 
ANALYSIS 

(A08 or A09) 

Samples Rec'd: 

P.O Box 6566. Orange. Cahtorn,a 92613-6566/(714) 282-8777 tFAX (714) 2f2-857!>" 

P.O. Box 153, Sar.ta Clara, Cahlornoa 95052-0153/(408) 727-0330/FAX (408) 727-51;!5 

P.O. Box 1648, Bellevue. Washington 98008-1648/(206) 746-6665/FAX (206) 56J·9!>31 

4/30/93 

Northwest Office 
Lab No. 58950 

Sam Half pH/ ------------Parts Per Million Parts Dry Soil---------------Sat Ext--
ple Sat\/ Qual I N03 NH4 P04 I B Na I 

I I I 
# TEC Lime ECe I N N p K Ca Mg Cu Zn Mn Fe I ppm eSAR I Sample Description & Log Number I 

4 635 4.2 0.1 107 67 121 268 5101 1315 0 8 8 252 0.10 TP13-l 
0.1 0.2 0.1 0.1 0.3 0.0 0.1 o.o 0.4 0.3 93-Al4044 33 ~ 

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

Sam 
ple 

I 

4 

------As Rec'd------ --------------Values Based upon dry weight-----------------
1 Bulk Dry I ----------percent passing------- Acid Ext Halfl 
lH20 Density Matterl Org. 19.51 6.35 4.75 2.38 1.00 a.so I TKN Iron Sat I 

pH ECel I lbs/yd3 lbs/ydJI I I mm mm mm mm mm mm I I % % !Sample Description & Log Number 

4.2 0.1 85.1 1045 156 94.9 76.9 60.9 49.2 34.9 18.9 10.5 0.69 0.049 635 TP13-l 
93-Al4044 33 2. 

5/ 5/9: 

Half Saturation \=approx field moisture capacity. Boron and salinity(ECe (dS/m at 25 deg.C.)) by sat ext method. Major elementE 
by sodium chloride extraction (phosphorus by sodium bicarbonate extraction). Micronutrients by DTPA extraction. Interpretation 
guide below each element (l,O=predicted sufficiency level for average fertility requiring crops). eSAR = Estimated sodium 
adsorption ratio. Na=Sodium (meq/1). TEC (listed below Half Sat. when requested)=Estimated Total Exchangeable cations (meq/kg) 


