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1.  Project Overview 
Lowe Enterprises North West proposes to redevelop an existing asphalt parking lot on the Redmond 

Town Center campus into a mixed use multi-story residential apartment building with ground floor 

retail and parking garage. The total area of the parcel is approximately 2.1 acres, however the total 

area of disturbance is approximately 1.8 acres. 

The parcel is bound by an existing alley to the west, existing commercial parking area to the north (with 

Northeast 76th Street beyond), 168th Avenue Northeast to the east, and by Northeast 74th Street to the 

south.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1: Vicinity Map  
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EXISTING SITE HYDROLOGY 
The parcel was previously developed as part of the Redmond Town Center campus and consists of an 

existing asphalt parking lot, with some trees and landscaping. The site slopes from east to west and 

stormwater is collected by a series of catch basins in the existing alley at the west boundary of the site 

and conveyed to the City storm drain in Northeast 74th Street.  

Site soils generally consist of glacial recessional outwash: loose to medium dense sand and gravel that 

becomes progressively denser with depth. Per the Preliminary Geotechnical Engineering Study 

prepared by Hart Crowser (Appendix B), groundwater should be expected between 6 and 10 feet below 

ground surface. Elevation relief across the site is approximately 8 feet sloping downward from the east 

to west.  

2.  Minimum Requirements Summary 
This project is classified as redevelopment project because the existing site has greater than 35% 
impervious area. Additionally, the project will add greater than 5,000 square feet of impervious area  
therefore, per Redmond Stormwater Manual Figure 3.3, Minimum Requirements #1-5 apply to the 
new and replaced impervious surfaces and the land disturbed, and Minimum Requirements #1-9 
apply to the new plus replaced impervious surfaces. 

Minimum Requirement No. 1 – Preparation of Stormwater Site Plans 

This stormwater report accompanies the site plans that describe the temporary and permanent 

drainage controls associated with this project. See the Proposed Conditions Map in Appendix A. 

Minimum Requirement No. 2 – Construction Stormwater Pollution Prevention Plan (SWPPP) 

A SWPPP will be prepared for this project and approved by the City of Redmond prior to 

commencement of any land clearing activities. Additionally, because the total disturbed area is greater 

than 1 acre and Notice of Intent will be filed with the Washington State Department of Ecology. 

Minimum Requirement No. 3 – Source Control of Pollution 

The urban and residential nature of this development does not require additional structural source 

control BMP’s. Relevant operational Source Control BMP’s include Landscaping/Vegetation 

Management. 

Minimum Requirement No.4 – Preservation of Natural Drainage Systems and Outfalls 

The site was previously developed to collect and discharge stormwater to the City owned storm sewer 

system. The new development will collect and discharge stormwater to the same system in a similar 

location. 

Minimum Requirement No. 5 – On-site Stormwater Management 

Onsite stormwater will be collected and discharged to the City owned storm sewer. A green roof and 

landscaping on the building podium will be constructed to provide mitigation of peak stormwater 
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discharge for a portion of the parcel. Additional low impact development BMP’s, such as bioretention 

and infiltration, are not feasible because the project is nearly zero-lot line which does not allow 

sufficient available space. 

Minimum Requirement No.6 – Runoff Treatment 

Water quality facilities are not required because the project does not meet the applicable thresholds. 

See Section 6. 

Minimum Requirement No.7 – Flow Control 

Flow control facilities will not be required because this project drains directly to the Samammish River. 

See Section 5.  

Minimum Requirement No. 8 – Wetlands Protection 

This project will not provide wetland protection because the parcel does not discharge stormwater to a 

wetland. 

Minimum Requirement No. 9 – Operation and Maintenance Manual 

An Operation and Maintenance Manual for the stormwater infrastructure associated with this project is 

located in Appendix D. 

 

3.  Off-Site Analysis 
Because the total proposed impervious area closely matches the existing impervious area on the site, 
the downstream storm drainage infrastructure is considered adequate to safely convey stormwater 
discharge that results from this development. A complete off-site analysis will be prepared for this site 
and will be included in the Final TIR to be submitted as part of the COR Coordinated Civil Review. 
 

4.  Conveyance Design 
All stormwater infrastructure that serves the existing Redmond Town Center campus and specifically 

this parcel will remain in place. Stormwater runoff will be collected in the building and conveyed to the 

existing 18-inch diameter public storm drain in the alley at the west side of the site, matching existing 

stormwater runoff discharge from the site. Runoff from the sidewalk areas along Northeast 74th Street 

and 168th Avenue Northeast will sheet flow away from the site and be collected in existing public storm 

infrastructure in the roadways, matching existing drainage patterns. Conveyance design is not provided 

for this project because no additional conveyance infrastructure will be constructed.  

amoldver
Callout
<ID:1>The Critical Areas Report states that the entire roof area will be infiltrated onsite.  Please update to reflect the latest plans.
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5.  Flow Control Design  
Flow control is not required for this project because it will be located on an existing developed site for 

which a stormwater management system has already been permitted and constructed. A complete 

summary of this stormwater management system can be found in the “Redmond Town Center 

Infrastructure Drainage Calculations” dated June, 1995. A copy of this report can be found in Appendix 

C.  

 

EXISTING HYDROLOGY 
The existing surface hydrology is consistent with a typical site consisting of asphalt parking area and 

associated landscaping. Subsurface conditions are typically a small layer of fill soil (1-4’) above glacial 

till (see the Preliminary Geotechnical Engineering Study in Appendix B). The existing site’s pervious 

and impervious surface areas are shown in Table 5-1: 

 

Table 5-1:  Existing Site Area Takeoff 

Land Cover Total Area 

Pervious 0.5 acres 

Impervious 1.3 acres 

Total 1.8 acres 

 

DEVELOPED HYDROLOGY 
The developed site has the same total area and a similar surface and subsurface hydrologic condition 

as the existing site, with building roof area replacing existing asphalt parking area. The developed 

site’s impervious surface areas are shown in Table 5-2: 

 

Table 5-2:  Developed Site Area Takeoff 

Land Cover Total Area 

Pervious  0.2 acres 

Impervious 1.6 acres 

Total 1.8 acres 
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6.  Water Quality Design 
Per Minimum Requirement #6 and the conditions of the Development Agreement this project must 

provide Enhanced Water Quality treatment if the total new plus replaced Pollution Generating 

Impervious Surface (PGIS) is greater than 5,000 square feet. This project does not propose any 

quantifiable PGIS, therefore no water quality treatment will be required. 

7.  Low Impact Development (LID) 

Site Assessment 
A Low Impact Development (LID) Site Assessment is required for this project because it is 

classified as a Large Project. The following documents, required for the LID Site Assessment, are 

included in this report: 

• Survey (included as a base on the Proposed Conditions Map in Appendix A). 

• Location of lot lines and easements (included on the Proposed Conditions Map in 

Appendix A). 

• Geotechnical report (Preliminary Geotechnical Study in Appendix B) 

The following documents are not included in this report: 

• Forest Survey and Report: removal of existing trees and vegetation on this site is covered by 

the Developer Agreement. 

• Critical Areas Report: no critical areas exist on this site. 

• Flood Hazard Report: a flood plain analysis will be conducted prior to submittal for 

Coordinated Civil Review and a Flood Hazard Report will be provided at that time if the project 

is determined to be located within a flood plain.  

 

SUMMARY OF LID IMPLEMENTATION 
An on building landscaped courtyard amenity space is proposed for this project and feasibility of green 

roof or other on building LID Best Management Practices (BMPs) at this area is being coordinated at 

time of this report. Additional LID Best Management Practices (BMP’s) are not applicable to this site 

because the project is similar to a zero-lot line project and does not have adequate available space; 

BMP’s require a minimum square footage to be practical which is not available on this site. A complete 

summary of proposed BMPs for LID will be prepared for this site and will be included in the Final TIR to 

be submitted as part of the COR Coordinated Civil Review. 

amoldver
Callout
<ID:1>Please update to include infiltration of clean roof runoff as indicated in the Critical Areas Report.  Site soils are highly transmissive and infiltration systems can be incorporated into relatively small areas adjacent to the building.

amoldver
Callout
<ID:1>The Project Site is located in the Critical Aquifer Recharge Area for the City's supply wells.
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8.  Construction Stormwater Pollution 

Prevention Plan 
This project will require coverage under the Washington State Department of Ecology’s (DOE) 

Construction Stormwater General Permit because the total disturbed area is greater than 1 acre. The 

Notice of Intent (NOI) will be submitted to the DOE and SWPPP approval will be received from the City 

of Redmond prior to any land disturbing activities.   

9.  Draft Operations and Maintenance 

Manual 
An Operations and Maintenance Manual will be prepared for this site and will be included in the Final 

TIR to be submitted as part of the COR Coordinated Civil Review. 
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Appendix A 

Proposed Conditions Map 
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Appendix B 

Preliminary Geotechnical Engineering Study 
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Geotechnical Feasibility Study 

Redmond Town Center Parcel 5-B Development 
Redmond, Washington 
 

INTRODUCTION 
This report provides our geotechnical feasibility recommendations for the proposed Parcel 5‐B 

Development at Redmond Town Center in Redmond, Washington (Figure 1). The project site is at 

Redmond Town Center on Parcel 5‐B, which is east of the existing Macy’s store just south of NE 76th 

Street and just west of 168th Avenue NE.   

The purpose of our study was to review subsurface conditions at the proposed site and provide 

preliminary conclusions and recommendations on the geotechnical feasibility of the project. Our scope 

of work included: 

 Review relevant and readily available geotechnical reports and construction documents to 

improve our understanding of the local soil and groundwater conditions; 

 Drill one exploratory soil boring, collect soil samples, and complete laboratory analysis; 

 Assess the feasibility of using shallow foundations for the project; 

 Identify groundwater issues associated with development, including the need for construction 

dewatering to facilitate excavations below the groundwater table; 

 Identify issues associated with long‐term drainage of the subgrade portions of the building (i.e., 

permanent drainage versus a “water‐tight boat” approach); 

 Assess the potential for seismic liquefaction and the influence of potential seismic subsidence on 

the project’s foundations, i.e., the need for ground improvement or use of pile foundations; and 

 Present our results in this geotechnical feasibility study. 

Figures illustrating site information follow the report text. Appendices A, B, and C contain the results of 

field explorations, laboratory testing programs, and historical explorations, respectively. 

Our work was performed in general accordance with our original contract dated August 3, 2015, and 

subsequent contract change for geotechnical feasibility services dated September 23, 2015. This 

report is for the exclusive use of Lowe Enterprises Real Estate Group and its design consultants for 

specific application to the subject project and site. We completed this work in accordance with 

generally accepted professional practices for work of similar nature done under similar conditions in 

the same or similar localities as those encountered at the time our work was performed. We make no 

other warranty, express or implied. 
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SITE AND PROJECT DESCRIPTIONS 
We understand the project will consist of constructing an eight‐story mid‐rise residential/commercial 

structure on Parcel 5‐B, which is east of the existing Macy’s store just south of NE 76th Street and just 

west of 168th Avenue NE. Current plans show ground surface at elevation 200 feet, with the lowest 

finished floor level at elevation 187 feet.  Allowing for the thickness of the foundations, we anticipate 

an excavation depth of about 17 to 18 feet below existing grade. The site is currently a paved parking 

lot. Our understanding of the project is based on correspondence, meetings, and discussions with you 

and our previous experience at Redmond Town Center.  

SUBSURFACE CONDITIONS 
Our understanding of the subsurface conditions at the site is based on one boring advanced for this 

study and relevant historical explorations at the site as shown on Figure 2. Our exploration program 

for this study included drilling one boring (designated HC‐1) to a depth of 51.5 feet. This boring was 

completed as a monitoring well to allow for long‐term groundwater‐level monitoring at the site. A 

detailed log of HC‐1 is in Appendix A. The results of geotechnical laboratory tests performed on 

selected samples from HC‐1 are in Appendix B.  

Hart Crowser has conducted a number of geotechnical studies in this area associated with the original 

construction of Redmond Town Center. Numerous other geotechnical studies have been done for the 

design of the structures in the vicinity of the site. Appendix C includes a portion of the logs from 

previous studies (borings B‐15, B‐9, B‐5, and TP‐7).  

The subsurface information used for this study represents conditions at discrete locations across the 

project site, and actual conditions in other areas could vary. Furthermore, the nature and extent of any 

variations may not become evident until additional explorations are performed or until construction 

begins. If significant variations are observed at that time, we may need to modify our conclusions and 

recommendations accordingly to reflect actual site conditions. 

Soil 
In general, this area of Redmond is underlain by glacial recessional outwash soils that consist of loose 

to medium dense sand and gravel that becomes progressively denser with depth. Isolated 

compressible silt layers have been encountered in isolated areas.  

In HC‐1, medium dense to very dense gravelly sand to sandy gravel was encountered from the ground 

surface to a depth of 37 feet. This soil unit contains varying amounts of cobbles and boulders. Dense to 

very dense slightly silty sand was encountered from 37 feet to the bottom of the boring. 

In general, the subsurface conditions are suitable for shallow foundations and slabs‐on‐grade. 

However, in some areas, the sands and gravels just below the high groundwater table may be 

susceptible to seismically induced liquefaction, which may require some form of ground improvement 

to allow for use of shallow foundations, or short pile foundations may be required instead. 
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Groundwater 
Groundwater at the time of drilling was encountered at a depth of 14.5 feet in HC‐1. In general, 

historical borings indicate that groundwater in the site area should be expected between 6 and 10 feet 

below ground surface (bgs). Groundwater levels noted in existing and current borings are 

representative of the time of observations. Variation in groundwater level should be expected 

depending on location, season, and precipitation. In the Redmond Town Center area, groundwater 

level will also be controlled to a large extent by the flow (flood level) in the nearby Bear Creek. 

Given the depth of planned excavation, groundwater will be encountered within the depth of the 

building.  Previous studies have encountered groundwater at about 10 feet bgs, with locally higher 

water levels during periods of peak flow of Bear Creek. The proposed construction will require 

dewatering during construction and will require either a long‐term dewatering of the proposed 

development or a “water‐tight” subgrade space, which would need to be designed to resist 

hydrostatic lateral and uplift forces. 

SEISMIC CONSIDERATIONS 

Seismic Setting 
The seismicity of Western Washington is dominated by the Cascadia Subduction Zone, in which the 

offshore Juan de Fuca Plate is subducting beneath the continental North American Plate.  Three main 

types of earthquakes are typically associated with subduction zones: crustal, intraslab subduction, and 

interface subduction earthquakes. 

Crustal Sources.  Recent fault trenching and seismic records in the Puget Sound area clearly indicate a 

distinct shallow zone of crustal seismicity, the Seattle Fault, which may have surficial expressions and 

can extend 25 to 30 kilometers deep. 

Subduction Zone Sources.  The offshore Juan de Fuca Plate is subducting below the North American 

Plate.  This causes two distinct types of events.  Large‐magnitude interface earthquakes occur at 

shallow depths near the Washington coast (e.g., the 1700 earthquake with magnitude of 8 to 9) at the 

interface between the two plates.  A deeper zone of seismicity is associated with bending the Juan de 

Fuca Plate below the Puget Sound region that produces intraslab earthquakes at depths of 40 to 70 

kilometers (e.g., the 1949, 1965, and 2001 earthquakes). 

Seismic Parameters 
The 2012 International Building Code seismic design parameters for the site latitude and longitude are 

provided in Table 1. These parameters should be used to develop the code‐based design response 

spectrum. The parameters were obtained from the USGS US Seismic Design Maps web application 

(http://geohazards.usgs.gov/designmaps/us/application.php). 

Site Class for Seismic Design. We determined the soil site class using information about the supporting 

foundation soils in accordance with ASCE 7‐10. The soil site class is determined considering the soil 
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characteristics and a weighted average of the blow counts observed to a depth of 100 feet bgs. For 

HC‐1, which was not 100 feet deep, when determining the site class we assumed the material density 

below the deepest sample remains constant to 100 feet and determined that the site should be 

designated as seismic Site Class D. 

Table 1 – 2012 IBC Seismic Design Parameters 

Parameter Value 
Latitude  47.6705 

Longitude –122.117 

Site class D 

Mapped MCER spectral response acceleration at short periods, SS 1.254 g 

Mapped MCER spectral response acceleration at 1-second periods, S1 0.480 g 

Liquefaction Assessment 
Loose, saturated granular soil is generally susceptible to liquefaction as a result of cyclic shaking during 

an earthquake. Cyclic shaking causes a rapid increase in pore water pressure that reduces the effective 

stress between soil particles, resulting in the sudden loss of shear strength in the soil. Granular soils 

that rely on inter‐particle friction for strength are susceptible to liquefaction until the excess pore 

pressures can dissipate. Sand boils and flows observed at the ground surface after an earthquake are 

the result of excess pore pressures dissipating upward, carrying soil particles with the draining water. 

In general, loose, saturated sandy soils with low silt and clay contents are the most susceptible to 

liquefaction. Silty soils with low plasticity are also susceptible to liquefaction under relatively higher 

levels of ground shaking. For any soil type, the soil must be saturated for liquefaction to occur. 

Liquefaction can cause ground surface settlement and lateral spreading. 

We used empirical methods to estimate liquefaction potential based on the standard penetration test 

(SPT) data obtained at the site. We used the SPT‐based liquefaction triggering procedure after Idriss 

and Boulanger (2008). For our analysis of the maximum considered earthquake (MCE) hazard level, 

which corresponds to an average 2,475‐year return period, we used an earthquake magnitude of 7.0 

and a peak ground acceleration of 0.506 g that we obtained from USGS (2008) for the site coordinates 

and Site Class D. 

Our analysis for one boring (HC‐1), located toward the center of Parcel 5‐B, generally shows that no 

soil below the groundwater table and above the bearing layer is susceptible to liquefaction. Overall 

assessment of liquefaction susceptibility for the site will be based on the additional analyses to cover 

all the five borings planned for the site, but for planning purposes it is reasonable to assume the site is 

not prone to liquefaction. Considering the generally dense soils noted in boring HC‐1, we anticipate a 

low potential for liquefaction or other earthquake‐induced geotechnical hazards affecting this site. 
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PRELIMINARY GEOTECHNICAL ENGINEERING DESIGN 
RECOMMENDATIONS 
This section of the report presents our preliminary conclusions and recommendations for the 

geotechnical aspects of design and construction on the project site.  We developed these 

recommendations based on our current understanding of the project and the subsurface conditions 

encountered in one boring.  If the nature or location of the development is different than we have 

assumed, we should be notified so we can change or confirm our recommendations. 

Excavation/Shoring Support Options 
Based on the soil and groundwater conditions, it is our opinion that a dewatered excavation could be 

supported using conventional soldier piles with tieback anchors or cantilevered soldier piles.  In our 

opinion, a soil nail shoring is not suitable, considering the soil conditions encountered in HC‐1. We 

understand that the dewatering discharge during temporary excavation can be readily handled by the 

existing drainage system in the area. 

Soldier Pile/Tieback Support of Excavation 

Soldier pile/tieback shoring is feasible for this site. Soldier piles consist of wide‐flange steel sections 

installed in predrilled holes that are filled with concrete or slurry. Tieback anchors are similar to soil 

nails but may have larger diameters or are pressure‐grouted. Tiebacks are prestressed to reduce wall 

deflection, and each anchor is proof‐tested after installation. The geotechnical criteria for the design of 

a conventional soldier pile/tieback shoring wall are lateral soil pressures, soil adhesion, and vertical 

bearing capacity of soldier piles. 

Lateral Earth Pressures 

Lateral earth pressures for the design of conventional shoring depend on the type of shoring, its ability 

to deform, and the presence or absence of structures within the deformation zone. This zone can be 

defined approximately by a line extending into the retained soil from the base of the wall at a slope of 

about 1H:1V. If the top of the shoring is allowed to deform at least 0.001 to 0.002 times the height, 

and if no settlement‐sensitive structures or utilities are located in the deformation zone, shoring may 

be designed using active earth pressures. 

If settlement‐sensitive structures or utilities are within the potential deformation zone, or where the 

shoring system is too stiff to allow sufficient lateral movement to develop an active condition, at‐rest 

earth pressures should be used to design the shoring. Theoretically, little movement should occur 

behind shoring properly designed and installed for at‐rest conditions. We will provide lateral earth 

pressure recommendations for shoring design after completion of additional boring explorations, and 

in coordination with the shoring structural designer. 

Soldier Pile Design 

Soldier piles will be designed to carry bending stresses from earth pressures and surcharge loads, and 

the embedded portion of the piles will be deep enough to resist lateral kickout and vertical loads. 
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When tiebacks are used, the piles will be reinforced at the tieback locations to support the 

prestressing or testing load, and will be designed to support the vertical loads from the inclined 

tiebacks without significant settlement. 

When drilling the soldier pile hole, the contractor will need to be sure the methods are appropriate to 

the conditions. Conditions such as caving soil or seeping groundwater can loosen soil at the bottom of 

the soldier pile borehole, reducing the pile’s bearing capacity. Tieback de‐stressing and shoring failure 

could occur if soldier pile bearing capacity is inadequate and the soldier piles settle under the vertical 

component of the inclined tieback load. The contractor should be prepared to case the soldier pile 

installations. The need for casing will be determined in the field at the time of installation. 

Timber lagging is often used to prevent ground loss between the soldier piles. The lagging is inserted 

between the webs of the soldier piles and is designed for some fraction of the applied pressure on the 

wall. 

Prompt and careful installation of lagging, particularly in areas of seepage and loose soil, will be 

important to maintain the integrity of the excavation. Proper installation should be the responsibility 

of the shoring contractor; it should prevent soil failure, sloughing, and ground loss and provide safe 

working conditions. 

Timber lagging thickness (rough cut) is typically designed according to recommendations contained in 

FHWA GEC 4 and experience from similar excavations in the Seattle area. 

Tieback Anchor Design and Testing 

When used, tieback anchors for external lateral support of the soldier pile walls will be designed to 

carry the loads estimated from the apparent pressure envelope to be developed during design. The 

tiebacks may be installed using continuous flight augers or by using rotary methods with an air return 

system for the cuttings. In each case, the hole is fitted with a steel bar or stranded tendons and 

grouted (or pressure‐grouted) in a continuous operation. Each anchor is proof‐tested, typically to 

130 percent of the design load, and a fraction of the anchors are performance‐tested to 200 percent of 

the design load. This testing is designed to confirm both the design soil adhesion and the satisfactory 

construction of the anchor. 

The anchorage is obtained behind a “no‐load zone” defined based on experience, shoring design 

theory, and site conditions. At this site, and at most sites in the area of the overconsolidated soils, Hart 

Crowser recommends use of a no‐load zone defined by a wedge with a setback of one‐fourth of the 

excavation height, extending upward at an angle of 60 degrees to the horizontal.  

For similar sites, tiebacks have been designed with a capacity of approximately 3 to 4 kips per linear 

foot of bond length in very dense, granular glacial soils. 

Shoring Monitoring 

The shoring monitoring program will include visual and optical surveys of the adjacent buildings (as 

noted earlier), together with routine optical survey monitoring of the shoring system. In addition, and 
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as conditions warrant, we will supplement the optical survey with geotechnical instrumentation such 

as inclinometers, crack gauges, settlement monitors, pressure gauges, and other devices. The goal is to 

provide an early warning if the shoring system is not performing as designed, and to protect both the 

owner of the new development and the owners of the adjacent structures. 

Foundation Support 
Considering the soil conditions and the planned floor elevations, shallow foundations will generally be 

suitable. Foundations will bear on very dense glacial soil that will provide good support, with 

settlements occurring as the loads are applied. We expect that spread foundations consisting of 

footings or mats can be used, with allowable bearing pressures of 6 to 10 kips per square foot (ksf). If 

the below‐grade construction is to be designed as a “water‐tight bathtub” without permanent 

dewatering, additional considerations to resist uplift pressure will be required. 

Floor Slab 
Floor slabs can be designed as slab‐on‐grade structures above a free‐draining capillary break drainage 

layer. The thickness of this layer, and the need for underslab drains, will be assessed during design. 

Lateral Pressures on Permanent Subgrade Walls 
Permanent walls constructed immediately adjacent to temporary shoring can be designed for the 

same earth pressures used in the design of the shoring system. In addition, the lateral earth pressures 

for permanent walls will include a seismic earth pressure increment. This additional lateral earth 

pressure will be approximated as a rectangular uniform load (assuming a flat back slope at the top of 

wall). This increment will be calculated using the IBC hazard level for the site location. 

Permanent walls must be designed for groundwater pressures unless a wall and underslab drainage 

system are included. This may depend on the expected groundwater flows and potential restrictions 

on disposal of groundwater into the combined sewer. This will be assessed during design. 

Drainage Considerations 
Groundwater will be encountered at elevations above the bottom of the proposed building. Deep 

wells may be required for dewatering, and should be planned and designed by a specialty contractor if 

found to be necessary. After construction dewatering, groundwater seepage will produce flow into the 

excavation.  It will be necessary to install a permanent drainage system and pressure relief for the 

subgrade walls and the slab at the bottom of the excavation. 

Permanent and specific underslab, behind the wall, and long‐term groundwater management 

provisions will need to be determined during design. The City may restrict the volume of water that 

can be permanently discharged from the site. If waterproofing is required below grade, a specialty 

waterproofing subconsultant should be retained to design the waterproofing system.  We have seen 

waterproofing systems, such as a heavy plastic membrane liners, bentonite clay panels (e.g., Volclay or 

equivalent), and other interior or exterior sealant used effectively on projects similar to this one. 
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For permanent drainage, the shoring walls will need to be covered using a waffle drain material such 

as MiraDrain. Floor slabs will be underlain by a capillary break and drainage layer, as mentioned above. 

A perimeter foundation drain may also be necessary. These issues will be considered and discussed 

with the design team. If a more water‐resistant finish is required below grade, or if the groundwater 

flows are larger than expected, it may be necessary to use a waterproofing system such as a heavy 

plastic membrane liner, bentonite clay panels (e.g., Volclay or equivalent), or other interior or exterior 

sealants. 

Temporary Open Cuts 
The stability and safety of cut slopes depend on a number of factors, including: 

 The type and density of the soil; 

 The presence and amount of any seepage; 

 The depth of cut; 

 The proximity of the cut to any surcharge loads near the top of the cut, such as stockpiled 

material, traffic, or structures, and the magnitude of these surcharges; 

 The duration of the open excavation; and 

 The care and methods used by the contractor. 

Temporary soil cuts for site excavations that are more than 4 feet deep should be adequately sloped 

back to prevent sloughing and collapse in accordance with Washington Department of Occupational 

Safety and Health (DOSH) guidelines (WAC Chapter 296‐155 Part N). Based on these guidelines, the 

soil at the site would be classified as Type C. We recommend the following for open cuts: 

 Use a maximum allowable slope for excavation less than 20 feet deep of 1.5H:1V for cuts in Soil 

Type C. 

 Use a maximum allowable slope of 1.5H:1V or flatter it groundwater seepage is encountered 

within the excavation slopes.  

 Do not excavate below the bearing elevation of the existing footings or structural elements. 

Consult with the geotechnical engineer during construction to limit the size of these excavations 

and the amount of time they remain open. 

 Protect the slope from erosion by using plastic sheeting, especially during wet weather excavation. 

 Limit the maximum duration of the open excavation to the shortest time possible. 

 Place no surcharge loads (equipment, materials) within 10 feet of the top of the slope, in general. 

However, more or less stringent requirements may apply depending on field conditions and actual 

surcharge loads. 

 Use special care when excavating through the soft peat layer. 

Because of the variables involved, actual slope angles required for stability in temporary cut areas can 

only be estimated prior to construction. We recommend that stability of the temporary slopes used 

for construction be the sole responsibility of the contractor, since the contractor is in control of the 

construction operation and is continuously at the site to observe the nature and condition of the 
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subsurface. All excavations should be made in accordance with all local, state, and federal safety 

requirements. 

RECOMMENDED ADDITIONAL GEOTECHNICAL SERVICES 

Design and Consulting Services 
This report presents our preliminary geotechnical engineering design recommendations, which are 

appropriate for a feasibility‐level study. These recommendations should not be used for the design 

phase. We recommend that we be retained for the design phase of the project to update these 

recommendations and provide additional design recommendations. For the design phase, we 

recommend that we: 

 Continue to meet with the design team periodically as design concepts and design documents 

progress, 

 Provide updated recommendations for the elements broadly introduced in this document, 

 Provide additional geotechnical recommendations based on consultation and discussion with the 

design team and further evaluation of the subsurface conditions, 

 Provide an update to this report as part of the final design process, and 

 Review the final design plans to verify that the geotechnical engineering recommendations have 

been properly interpreted and implemented into the design. 

We recommend completing four additional borings at the site to assess subsurface conditions. Borings 

will be located in the field and observed by an engineering geologist from our firm, who will collect 

samples and prepare continuous logs of the soil and groundwater conditions encountered. We will 

perform limited index testing of samples retrieved from the borings.  

Construction Services 
After design, and before construction begins, Hart Crowser will review final foundation plans, shoring 

design plans and specifications, and applicable civil elements to verify that the geotechnical 

engineering recommendations are properly interpreted and implemented into the design. 

During the construction phase of the project, Hart Crowser will observe installation of shoring systems; 

review shoring system displacement and monitoring results; observe excavation, subgrade 

preparation, and placement of foundations and slabs‐on‐grade; observe placement and compaction of 

structural fill; observe installation of subslab and wall drainage, if necessary; and address other 

geotechnical considerations that may arise during the course of construction. 

REFERENCES 
ASCE 2010. Minimum Design Loads for Buildings and Other Structures, ASCE Standard ASCE/SEI 7‐10. 

FHWA 1999. Geotechnical Engineering Circular No. 4, Ground Anchors and Anchored Systems.  FHWA‐

IF‐99‐015. 
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APPENDIX A 

Field Explorations Methods and Analysis 
This appendix documents the processes Hart Crowser used to determine the nature of the site soil and 

groundwater. This appendix includes information on the following subjects: 

 Explorations and Their Location; 

 Hollow‐Stem Auger Borings;  

 Standard Penetration Test Procedures; and 

 Monitoring Well Installation. 

Explorations and Their Location 
Subsurface explorations for this project included one hollow‐stem auger (HSA) boring. The exploration 

logs in this appendix show our interpretation of the drilling, sampling, and testing data. The logs 

indicates the depth where soils change. Note that the actual change may be gradual. In the field, we 

classified the samples taken from the explorations according to the methods presented on Figure A‐1 ‐ 

Key to Exploration Logs. This figure also provides a legend explaining the symbols and abbreviations 

used in the logs. 

Figure 2 illustrates the horizontal locations of explorations, which are based on field measurements 

from existing physical features. The elevations on the logs are taken from the elevation contours on 

the site plans provided to us. The vertical datum is NAVD88. All elevations presented in this report are 

based on NAVD88.   

Hollow-Stem Auger Borings 
One HSA boring, designated HC‐1, was completed on September 25, 2015 to a depth of 51.5 feet using 

a 4‐1/4‐inch inside diameter hollow‐stem auger.  The boring was advanced with a truck‐mounted drill 

rig subcontracted by Hart Crowser. The drilling was continuously observed by a geologist from Hart 

Crowser.  Detailed field logs were prepared of each boring.  Using the Standard Penetration Test (SPT), 

we obtained samples at 2‐1/2‐ and 5‐foot depth intervals. 

Standard Penetration Test Procedures 
The standard penetration test (SPT) method (as described in ASTM D 1586) was used to obtain 

disturbed samples. This test is an approximate measure of soil density and consistency. To be useful, 

the results must be used with engineering judgment in conjunction with other tests. The SPT test 

employs a standard 2‐inch‐outside‐diameter split‐spoon sampler. Using a 140‐pound hammer, free‐

falling 30 inches, the sampler is driven into the soil for 18 inches. The number of blows required to 

drive the sampler the last 12 inches only is the Standard Penetration Resistance. This resistance, or 

blow count, measures the relative density of granular soils and the consistency of cohesive soils. If a 

total of 50 blows are struck within any 6‐inch interval, the driving is stopped and the blow count is 
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recorded as 50 blows for the actual penetration distance. The blow counts are plotted on the boring 

logs at their respective sample depths. 

Monitoring Well Installation 
Monitoring wells were installed in boring HC‐1 to allow for long‐term groundwater level monitoring at 

the site.   

We used 2‐inch‐diameter Schedule 40 PVC riser pipe and 2‐inch‐diameter 0.020‐inch machine‐slotted 

screen for the well casings and screens.  The well screen and casing riser were lowered down through 

the hollow‐stem auger.  As the auger was withdrawn, No. 10/20 silica sand was placed in the annular 

(ring‐shaped) space from the base of the boring to approximately 2 to 3 feet above the top of the well 

screen. 

Well seals were constructed by placing bentonite chips in the annular space on top of the filter sand to 

within 3 feet of the ground surface.  The remaining annular space was backfilled with concrete to 

complete the surface seal.  For security, the monitoring wells were completed with a flush‐mounted 

steel monument set in concrete.  The monitoring well construction details are illustrated on the boring 

logs. 

The monitoring wells were installed in accordance with Washington State Department of Ecology 

regulations. 
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Key to Exploration Logs
Sample Description

Very soft

Soft

Medium stiff

Stiff

Very stiff

Hard

Approximate
Shear Strength
in TSF

0.125

0.25

0.5

1.0

0.25

0.5

1.0

2.0

Laboratory Test Symbols

Density/Consistency

SAND or GRAVEL
Density

Very loose

Loose

Medium dense

Dense

Very dense

Soil descriptions consist of the following:
Density/consistency, moisture, color, minor constituents, MAJOR CONSTITUENT,
additional remarks.

Standard
Penetration
Resistance (N)
in Blows/Foot

0

4

10

30

SILT or CLAY
Consistency

to

to

to

to

>50

Liquid Limit
Natural
Plastic Limit

Classification of soils in this report is based on visual field and laboratory
observations which include density/consistency, moisture condition, grain size, and
plasticity estimates and should not be construed to imply field nor laboratory testing
unless presented herein. Visual-manual classification methods of ASTM D 2488
were used as an identification guide.

GS

CN

UU

CU

CD

QU

DS

K

PP

TV

CBR

MD

AL

PID

CA

DT

OT

Groundwater Seepage
(Test Pits)

Sampling Test Symbols

to

to

to

to

to

>30

<0.125

to

to

to

to

>2.0

Trace

Slightly (clayey, silty, etc.)

Clayey, silty, sandy, gravelly

Very (clayey, silty, etc.)

5

12

30

12

30

50

<5

-

-

-

Water Content in Percent

Little perceptible moisture

Some perceptible moisture, likely below optimum

Likely near optimum moisture content

Much perceptible moisture, likely above optimum

Soil density/consistency in borings is related primarily to the Standard
Penetration Resistance. Soil density/consistency in test pits and probes is
estimated based on visual observation and is presented parenthetically on the
logs.

4

10

30

50

Standard
Penetration
Resistance (N)
in Blows/Foot

2

4

8

15

30

0

2

4

8

15

Moisture
Dry

Damp

Moist

Wet

Estimated PercentageMinor Constituents

1.5" I.D. Split Spoon

Shelby Tube (Pushed)

Cuttings

Grab (Jar)

Bag

Core Run

3.0" I.D. Split Spoon

Grain Size Classification

Consolidation

Unconsolidated Undrained Triaxial

Consolidated Undrained Triaxial

Consolidated Drained Triaxial

Unconfined Compression

Direct Shear

Permeability

Pocket Penetrometer

  Approximate Compressive Strength in TSF

Torvane

  Approximate Shear Strength in TSF

California Bearing Ratio

Moisture Density Relationship

Atterberg Limits

Photoionization Detector Reading

Chemical Analysis

In Situ Density in PCF

Tests by Others

Groundwater Level on Date
or (ATD) At Time of Drilling

Groundwater Indicators

Sample Key

23
50/3"

S-1

Sample
Number

Blows per
6 inches

12

Sample RecoverySample Type

K
E

Y
 S

H
E

E
T

  
1

9
1

6
2

0
1

-B
L

.G
P

J
  

H
C

_
C

O
R

P
.G

D
T

  
1

0
/2

8
/1

5

LETTERGRAPH

SYMBOLS
MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

OH

CH

MH

OL

CL

ML

SC

SM

SP

COARSE
GRAINED

SOILS

SW

TYPICAL
DESCRIPTIONS

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES, LITTLE OR NO
FINES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES, LITTLE
OR NO FINES

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

GC

GM

GP

GW

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE OR NO FINES

POORLY-GRADED SANDS,
GRAVELLY SAND, LITTLE OR NO
FINES

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

INORGANIC SILTS AND VERY FINE
SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR
SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

CLEAN
GRAVELS

GRAVELS WITH
FINES

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS
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APPENDIX B 

Laboratory Testing Program 
A laboratory testing program was performed for this study to evaluate the basic index and 

geotechnical engineering properties of the site soils. The tests performed and the procedures followed 

are outlined below. 

Soil Classification 
Soil samples from the explorations were visually classified in the field and then taken to our laboratory 

where the classifications were verified in a relatively controlled laboratory environment. Field and 

laboratory observations include relative density/consistency, moisture condition, and grain size 

estimates. 

The classifications of selected samples were checked by laboratory tests such as grain size analyses. 

Classifications were made in general accordance with the Unified Soil Classification (USC) System, 

ASTM D 2487, as presented on Figure B‐1. 

Water Content Determinations 
Water content was determined for most samples recovered in the explorations in general accordance 

with ASTM D 2216, as soon as possible following their arrival in our laboratory. Water contents were 

not determined for very small samples or samples where large gravel contents would result in 

unrepresentative values. The results of these tests are plotted or presented at the respective sample 

depth on the exploration logs. In addition, water contents are routinely determined for samples 

subjected to other testing. These are also presented on the exploration logs. 

Grain Size Analysis 
Grain size distribution was analyzed on representative samples in general accordance with ASTM D 

422. Wet sieve analysis was used to determine the size distribution greater than the U.S. No. 200 mesh 

sieve. The results of the tests are presented as curves on Figures B‐2 and B‐3 plotting percent finer by 

weight versus grain size. 

 



C H

C H

A
Line

O H PtC L

C L

C L - M L

O L M H

M L

or O L

M H or O H

SRF Grain Size (B-1).cdr 3/06

Fine-Grained Soils

Coarse-Grained Soils

Size of Opening In Inches

1
2

3
0

0

6

2
0

0

4
1

0
0

42

8
0

11 /
2

6
0

1

4
0

3
/4

3
0

2
0

5
/8

1
0

1
/2

3
/8

1
/4

1
0

8

2
0

6

4
0

4

6
0

3 2 1 .8 .6 .4

1
0

0

.3

2
0

0

.2

.0
6

.0
6

.0
81

.0
4

.0
4

.0
3

.0
3

.0
2

.0
2

.0
1

.0
1

.0
0

8
.0

0
8

.0
0

6
.0

0
6

.0
0

4
.0

0
4

.0
0

3
.0

0
3

.0
0

2
.0

0
2

.0
0

1
.0

0
1

Number of Mesh per Inch
(US Standard)

Grain Size in Millimetres

COBBLES GRAVEL SAND SILT and CLAY

Coarse-Grained Soils Fine-Grained Soils

Grain Size in Millimetres

G  W

M L

G  P G  M G  C S  W S  P S  M S  C

Clean GRAVEL <5% fines Clean SAND <5% finesGRAVEL with >12% fines SAND with >12% fines

GRAVEL >50% coarse fraction larger than No. 4

Soils with Liquid Limit <50%

SAND >50% coarse fraction smaller than No. 4

Coarse-Grained Soils >50% larger than No. 200 sieve

Fine-Grained Soils >50% smaller  than No. 200 sieve

* *

G W and S W                                & 1<_                     <_ 3
D >4 for G W

D >6  for S W

60

10

(D )

D X D

30

10 60

2

G M and S M Atterberg limits below A line with PI <4

G P and S P Clean GRAVEL or SAND not meeting
requirements for G W and S W

G C and S C Atterberg limits above A Line with PI >7

* Coarse-grained soils with percentage of fines between 5 and 12 are considered borderline cases requiring use of dual symbols.

D , D , and D are the particles diameter of which 10, 30, and 60 percent, respectively, of the soil weight are finer.10 30 60

Soils with Liquid Limit >50%

SILT SILTCLAY CLAYOrganic Organic Highly
Organic
Soils

60

50

40

30

20

10

0
0                 10                20               30                40                50               60                70                80               90              100

Liquid Limit

P
la

s
ti
c
it
y
 I

n
d

e
x

60

50

40

30

20

10

0

Unified Soil Classification (USC) System
Soil Grain Size

3

19162-01
Figure B-1

9/15



0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100

#
3
0

#
4
0

Client:

1
-1

/2
 i
n
.

D15D30

11.3

7.0

9.2

Source: HC-1
Source: HC-1
Source: HC-1

Figure B-2

D60D85PI

slightly silty, very gravelly SAND

slightly silty, very sandy GRAVEL

slightly silty very gravelly SAND

3
/4

 i
n
.

1
/2

 i
n
.

3
/8

 i
n
.

   

   

   

   

   

   

#
1
0
0

D50

#
4

#
1
0

Depth: 12.5 to 14.0
Depth: 20.0 to 21.5
Depth: 25.0 to 26.5

Project: Redmond Town Center Parcel 5-B

39.7

53.4

43.8

49.0

39.6

47.0

% COBBLES

6
 i
n
.

3
 i
n
.

2
 i
n
.

    

    

    

1
 i
n
.

MATERIAL DESCRIPTION USCS NAT. MOIST.

% CLAY

2.886

5.447

3.191

0.929

1.491

0.769

#
2
0
0

LL Cu

19162-01

GRAIN SIZE - mm

4.687

8.157

5.59

% SILT

Remarks:

Particle Size Distribution Test Report

% GRAVEL % SAND

   

   

   

5.8%

8.9%

9.5%

P
E

R
C

E
N

T
 F

IN
E

R

   

   

   

SP-SM

GW-GM

SW-SM

9/15

#
2
0

#
1
4
0

3.25

1.56

1.19

#
6
0

0.0

0.0

0.0

0.175

0.089

82.76

46.71

62.89

11.63

21.293

27.614

0.163

0.391

0.214

CcD10

Sample No.: S-6
Sample No.: S-8
Sample No.: S-9

G
R

A
IN

 S
IZ

E
  

1
9

1
6

2
0

1
-B

L
.G

P
J
  

H
C

_
C

O
R

P
.G

D
T

  
1

0
/2

8
/1

5



0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100

#
3
0

#
4
0

Client:

1
-1

/2
 i
n
.

D15D30

7.5

9.7

Source: HC-1
Source: HC-1

Figure B-3

D60D85PI

slightly silty, very sandy GRAVEL

slightly silty SAND, trace gravel

3
/4

 i
n
.

1
/2

 i
n
.

3
/8

 i
n
.

   

   

   

   

#
1
0
0

D50

#
4

#
1
0

Depth: 30.0 to 31.5
Depth: 40.0 to 41.5

Project: Redmond Town Center Parcel 5-B

52.7

1.8

39.8

88.5

% COBBLES

6
 i
n
.

3
 i
n
.

2
 i
n
.

    

    

1
 i
n
.

MATERIAL DESCRIPTION USCS NAT. MOIST.

% CLAY

5.525

0.471

1.09

0.252

#
2
0
0

LL Cu

19162-01

GRAIN SIZE - mm

9.65

0.635

% SILT

Remarks:

Particle Size Distribution Test Report

% GRAVEL % SAND

   

   

8.5%

17.5%

P
E

R
C

E
N

T
 F

IN
E

R

   

   

GP-GM

SW-SM

9/15

#
2
0

#
1
4
0

0.85

1.30

#
6
0

0.0

0.0

0.146

0.077

66.30

8.24

22.172

1.636

0.329

0.117

CcD10

Sample No.: S-10
Sample No.: S-12

G
R

A
IN

 S
IZ

E
  

1
9

1
6

2
0

1
-B

L
.G

P
J
  

H
C

_
C

O
R

P
.G

D
T

  
1

0
/2

8
/1

5



 

   19162‐01 
October 28, 2015 

APPENDIX C 
Historical Explorations 



 

   19162‐01 
October 28, 2015 

APPENDIX C 

Historical Explorations 
We reviewed existing historical explorations to gain an understanding of the subsurface conditions 

near the site. Historical borings located in the vicinity are presented as they appear in original reports. 

Approximate locations of these historical explorations are shown on Figure 2; actual locations may 

differ from those shown. 
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Redmond Town Center - Infrastructure Drainage Calculations  
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