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Madison District Green Infrastructure Project 
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All interested parties had the opportunity to submit questions in writing by email to Dawn 
DeJarlais, Senior Buyer.The answers to the questions received are provided below and posted 
to the City’s website at www.TacomaPurchasing.org:  Navigate to Current Contracting 
Opportunities / Public Works and Improvements Solicitations, and then click Questions and 
Answers for this Specification. This information IS NOT considered an addendum. Respondents 
should consider this information when submitting their proposals. 
 
Question 1: This project includes Department of Ecology funding. Can you clarify what 

‘Buy American’ requirements this project must adhere to? 
 

Answer 1:   The project must abide by ‘Buy American’ requirements as specified in the 
Washington State Department of Ecology Water Pollution Control Revolving 
Fund Specification Insert and Section 1-06 of the specifications. 
 

Question 2: Section 1-06 states that the ‘Buy American’ requirements as stated in the 
DOE insert only apply to Schedules A and B. Can you confirm that these 
requirements do not apply to the water main improvements in Schedule D? 
 

Answer 2:   The ‘Buy American’ requirements do not apply to Water’s work in Schedule D.  
 

Question 3: Can you clarify what is included in Schedule D, bid items W54, W55, and 
W58? Specifically, in which bid items and on which schedule are the Storm 
drain and Sanitary sewer pipe removals, as noted on Demo sheets D1-D8, 
being carried?  
 

Answer 3:   Bid items W54, W55, and W58 pertain to the water main improvements and are 
shown on the Water Plans (W1-W25). Unless specifically identified otherwise in 
the plans, all storm drain and sanitary sewer pipe removal shall be included in 
structure excavation quantities.  
 

Question 4: Based on the drawings, we are having to guess at elevations of existing 
pipe demolition. Please provide depths for pipe removals. 
 

Answer 4: For the bulk of the project, sewer pipe replacement is at a depth consistent with 
or deeper than existing. For the purposes of estimating demolition quantities, 
existing pipes depths can be considered to be consistent with the design 
elevations shown for the new pipes.  All other underground utilities not showing 
specific depth information are unknown. .  
 

Question 5: Can we get a copy of the geotechnical report as well? 
 

Answer 5:   The geotechnical report is attached. 
 

Question 6: Can you please confirm that there are no domestic requirements for 
wastewater sewer improvements in schedule C? 

http://www.tacomapurchasing.org/
https://www.cityoftacoma.org/government/city_departments/finance/procurement_and_payables_division/purchasing/contracting_opportunities
https://www.cityoftacoma.org/government/city_departments/finance/procurement_and_payables_division/purchasing/contracting_opportunities
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Answer 6:   As previously stated in response to Question 1 above, domestic requirements 

are detailed in the Washington State Department of Ecology Water Pollution 
Control Revolving Fund Specification Insert and Section 1-06 of the 
specifications.   
 

Question 7: Can you please verify if any pipe casing is required on this project? 
 

Answer 7:   There are no pipe casings specifically called for in the plans, and no quantities 
included in the proposal. The casing detail provided is intended to be 
informational in the event that casing should become necessary during 
construction. 
 

Question 8: Bid items R43 and R45 have the same description. Is this accurate? 
 

Answer 8:   The descriptions for Bid Items R43 and R45 have been adjusted in the revised 
proposal labeled “Addendum 3”.    
 

Question 9: The following bid item quantities appear to be incorrect: WW19, WW20, 
S27, S29, W49, W50 
 

Answer 9:   The identified bid item quantities have been verified and updated, as appropriate, 
in the revised proposal labeled “Addendum 3”.   
 

Question 10: Could you please verify that all storm sewer pipe called out as PVC is to be 
per 9-30.1(5)A; Which is C900 DR18? 
 

Answer 10:   PVC Sewer pipe shall conform to WSDOT spec section 9-05.12(1) 
 

Question 11: Can you verify where 24ft of 12” C900 for stormwater pipe is located. 
 

Answer 11:   This pipe is located on sheet C-11. It is a CB lead in the alley between Lawrence 
and Alder.  
 

Question 12: I don’t see any forms for MBE material suppliers and or MBE trucking 
forms. Please advise. 
 

Answer 12:    This project is using DOE required DBE goals rather than MBE goals. 
 

Question 13: All the material associated with the ballasted sidewalk is a pervious 
material in Detail 3 page 6. But, the sidewalk is not called out as pervious. 
Is this a pervious sidewalk? 
 

Answer 13:   The concrete used in the ballasted sidewalk is standard concrete, i.e., not 
pervious concrete.  
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INTRODUCTION AND PROJECT UNDERSTANDING 

GeoEngineers is pleased to present this report providing geotechnical engineering services for the 
Permeable Pavement Project in Tacoma, Washington. This report presents our findings, conclusions and 
recommendations for permeable pavement design. This study pertains to seven general areas where 
permeable pavements are being considered. The areas of study are shown on the Vicinity Map, Figure 1. 
Our understanding of the project is based on discussions with you and our experience on similar projects 
within the City. We understand that the City is considering replacing the existing asphaltic concrete 
pavement with permeable asphalt pavement.  

SCOPE OF SERVICES 

The purpose of our services was to explore subsurface conditions within the proposed improvement areas 
in the form of borings and evaluate feasibility of the encountered soils for stormwater infiltration. We 
completed our services in general accordance with the Professional Services Contract between 
GeoEngineers and the City of Tacoma dated March 1, 2016 and amended on December 16, 2016 
(Amendment 1) and January 25, 2017 (Amendment 2). Services pertaining to the bioretention facility 
assessment have been completed and are summarized in our Preliminary Bioretention Facility Assessment 
Summary Letter dated May 11, 2017. Our scope of services for the permeable pavement study included: 

1. Reviewing readily available published literature and in-house files regarding soil and groundwater 
conditions in the improvement areas. 

2. Coordinating the drilling of 49 borings to explore subsurface conditions and collect soil samples for 
laboratory testing. 

3. Completing grain-size distribution testing on selected samples collected from the borings.  

4. Submitting samples collected in the explorations to the City of Tacoma Laboratory for cation exchange 
capacity (CEC) and organic content testing. 

5. Developing preliminary recommended design stormwater infiltration rates based on the grain-size test 
results and methods described in Section 6.5.3 of Volume 3 and permeable pavement criteria provided 
in Section 2.2.2.5 of Volume 6 of the July 2016 City of Tacoma Stormwater Management Manual 
(SWMM). 

6. Preparing this report, which includes a summary of our review, observations during drilling, laboratory 
test results, and our preliminary opinion on feasibility of infiltration at each site investigated. We also 
include recommendations for further study. 

Our original scope of services outlined in our March 7, 2016 proposal included performing three pilot 
infiltration tests (PITs) as part of the permeable pavement study. Per your direction, the PITs were 
eliminated from the scope of work and the budget was reallocated to complete borings in additional 
permeable pavement study areas.  
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SITE CONDITIONS 

Improvement Areas 

Seven general areas where included in our study, which are shown on Figures 2 and 3: 

■ South Tacoma Way (STW) Area - generally bounded by South Tacoma Way, South 50th Street, South 
Alder Street, and South 56th Street 

■ Tacoma Mall (Mall) Area - generally bounded by South Tacoma Way, South 40th Street, South Pine 
Street, and South 48th Street 

■ South 64th Street (South 64th) Area- generally bounded by South Huson Street, South 64th Street, South 
Tyler Street, and South 66th Street 

■ Crandall Area – generally bounded by South Crandall Lane, East 35th Street, East B Street, and South 
37th Street 

■ East K Area – generally bounded by East K Street, East 44th Street, Pipeline Road, and East 46th Street 

■ East G Area – generally bounded by East F Street, East 51st Street, McKinley Avenue, and East 56th 
Street 

■ Idea Area – generally bounded by South G Street, South 68th Street, Fawcett Avenue, and South 72nd 
Street. 

Surface Conditions 

The improvement areas are located in primarily residential neighborhoods in south Tacoma. The existing 
roadways in the improvement areas are surfaced with asphalt concrete (AC) pavement in varying states of 
disrepair or are unpaved. Curbs are not present at the majority of improvement areas. The roadway 
shoulders in the improvement areas are generally unpaved and surfaced with gravel and grass. 

Geology Review 

We reviewed the “Geologic Map of the Tacoma South 7.5-Minute Quadrangle” (Troost, K.G., Booth, D.B., in 
review). The table below summarizes the primary geologic units mapped within each improvement area 
followed by a brief description of the units. 

Improvement Area Primary Mapped Geologic Unit(s) 

South Tacoma Way Area Steilacoom Gravel (Qvs) and Vashon Till (Qvt) 

Tacoma Mall Area Steilacoom Gravel (Qvs) and Vashon Till (Qvt) 

South 64th Street Area Steilacoom Gravel (Qvs) 

Crandall Area Vashon Till (Qvt) and Advance Outwash Deposits (Qva) 

East K Area Vashon Till (Qvt) 

East G Area Vashon Till (Qvt) 

Idea Area Vashon Till (Qvt) 

   

AAnderson2
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Tacoma Mall (Mall) Area
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Tacoma Mall Area 
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Steilacoom Gravel – Steilacoom gravel is described as granular material ranging in grain size from fine 
gravel to boulders with variable sand and silt content that was deposited by outburst floods from glacial 
Lake Puyallup. Lenses of sand and silty sand are also present in these deposits. 

Vashon Till – Vashon till or glacial till consists primarily of a very dense, non-sorted mixture of clay, silt, 
sand, gravel, cobbles, and boulders. The upper 2 to 5 feet is often weathered and is typically medium dense 
to dense. These materials were deposited along the base of the Vashon stade glacial ice and are generally 
heterogeneous, yet often exhibit considerable variation in composition over short distances. 

Advance Outwash – Consists mostly of dense to very dense, stratified sand with gravel and some cobbles. 
Locally, the advance outwash contains layers of fine-grained sands and silts. Advance outwash deposits 
often contain relatively low fines content. These materials were deposited by streams emanating from 
advancing glaciers and subsequently glacially consolidated.  

Explorations and Laboratory Testing 

We explored subsurface conditions at the proposed improvement areas by advancing 49 hollow-stem auger 
borings. The locations of the borings are shown on the Site Plans, Figure 2 through Figure 10. Details of 
the exploration program are provided in Appendix A. A key to the exploration logs and the summary 
exploration logs are provided as Figures A-1 through A-8.  

Soils samples collected from our borings were submitted to our laboratory for gradation analyses. A 
summary of our laboratory testing program is provided in Appendix B. Grain size analysis test results are 
shown on the exploration logs and are attached as Figures B-1 through B-28. We also submitted samples 
to the City of Tacoma laboratory for CEC and organic content testing. A summary of the CEC and organic 
content test results are summarized in Figures B-29 through B-35.  

Soil Conditions 

A summary of the primary soil types encountered in the improvement areas are summarized in the table 
below. In general, soil conditions encountered in our explorations are consistent with the mapped geology 
in the areas. Where fill was encountered, we provide a general description of the fill and the depth of the 
fill above the underlying geologic unit. 

Improvement Area Primary Soil Types Encountered in Borings 

South Tacoma Way 
Area 

 Steilacoom Gravel Outwash – Predominately loose to very dense sand, sand with 

silt, gravel and gravel with silt. Encountered starting at ground surface, below fill 

material or below pavements. Generally weathered in upper 1 to 5 feet.  

 Fill – Fill depths greater than about 1 foot not observed with the exception of B-9 

(3.75 feet). 

Tacoma Mall Area 

 Steilacoom Gravel Outwash – Predominately loose to very dense sand with variable 

silt content, gravel and gravel with silt. Generally encountered starting at ground 

surface or below sod or pavement. 

 Fill – Fill depths greater than about 1 foot not observed with the exception of B-8 

(5 feet). 

AAnderson2
Highlight
Tacoma Mall Area
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Improvement Area Primary Soil Types Encountered in Borings 

South 64th Street Area 

 Steilacoom Gravel Outwash – Predominately loose to very dense sand with variable 

silt content and gravel with sand. Generally encountered starting at ground surface 

or below sod or pavement. 

 Fill –Fill depths greater than about 1 foot not observed. 

Crandall Area 

 Glacial Till – Predominately very loose to medium dense silty sand and medium stiff 

sandy silt. Generally encountered starting below fill or pavements and extending to 

3 to 9.5 feet bgs, where present. 

 Outwash – Predominately loose to dense sand with variable silt content and gravel 

with variable silt content. Generally encountered starting below sod or pavement or 

below glacial till (where present).  

 Fill – Fill depths greater than about 1 foot not observed with the exception of B-6 

(3 feet). 

East K Area 

 Glacial Till – Predominately medium dense to very dense silty sand and silty gravel. 

Generally weathered in upper 2 to 3 feet. Generally encountered starting below sod 

or pavement or fill. 

 Outwash – Predominately dense to very dense silty sand and gravel with silt. 

Encountered below the glacial till. 

 Fill – Fill depths greater than about 1 foot not observed with the exception of B-1 

(3.5 feet) and B-2 (5.75 feet). 

East G Area 

 Glacial Till – Predominately loose to very dense silty sand, gravel with silt, silty gravel 

and stiff to very stiff sandy silt. Generally weathered in the upper 2 to 3 feet. 

Generally encountered starting below pavement or sod.  

 Fill – Fill depths greater than about 1 foot not observed with the exception of B-2 

(2.75 feet), B-7 (3.5 feet), B-8 (3.5 feet), and B-9 (3.5 feet). 

Idea Area 

 Glacial Till – Predominately medium silty sand and silty gravel and stiff to very stiff 

sandy silt. Generally weathered in the upper 2 to 4 feet. Generally encountered 

starting below pavement or gravel surfacing. 

 Fill – Fill depths greater than about 1 foot not observed. 

Groundwater Conditions 

We did not observe groundwater in the majority of our explorations. We observed what we interpret to be 
perched ground water in some explorations. The depth to perched groundwater (if encountered) is indicated 
on the exploration logs and summarized in the tables on Figures 4 through 10. Where observed, perched 
groundwater was located below 5 feet bgs or deeper with the exception of boring B-4 in the Idea Area. In 
this boring, perched groundwater was observed at 2 feet bgs. 

We anticipate groundwater levels will fluctuate with season and precipitation, typically being highest near 
the end of the wet season. In our opinion, seasonal high groundwater levels will remain below about 5 feet 
below existing grade throughout the year. Isolated areas of perched groundwater could occur where more 
permeable soil overlies less permeable soils, such as silty sand over silt soils. 
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PRELIMINARY INFILTRATION RATES 

We used the soil grain size analysis method presented in the SWMM to calculate the initial hydraulic 
saturated conductivity of the site soils. The hydraulic saturated conductivity obtained from the soil grain 
size analysis method is an initial rate, and is reduced through correction factors to produce a long-term 
design infiltration rate. The correction factors recommended for use in permeable pavement design are 
outlined in Section 2.2.2.5.8, Volume 6 of the SWMM. We used the following correction factors in our 
determination of the long-term infiltration rates: 

■ Site variability and number of locations tested (CFv) = 0.6, corresponding to low to moderate site 
variability 

■ Test Method (CFt) = 0.45 for grain-size test method 

■ Quality of Pavement Aggregate Base Material (CFm) = 0.9 

Figures C-1 through C-7 also present the calculated short-term infiltration rates and the factored long-term 
design infiltration rates for the tested soils. 

In some cases, two different soil units or types were encountered in the borings. The SWMM recommends 
the layer with the lowest infiltration rate be used for permeable pavement design. The tables presented on 
Figures 4 through 10 summarize the lowest infiltration rate determined in each boring.  

The grain-size method does not account for factors such as proximity to groundwater or soil density, which 
influence infiltration rates. In our experience the grain-size rate often overestimates the actual infiltration 
rate of the soil. The actual infiltration rate could be an order of magnitude less (or more) than what is 
predicted with the grain-size method.  

SITE SUITABILITY CRITERIA 

General 

Section 2.2.2.5, Volume 6 of the SWMM provides criteria to consider when designing permeable 
pavements. The following sections address groundwater separation criteria and criteria for stormwater 
treatment. 

Depth to Bedrock, Water Table or Impermeable Layer 

The SWMM requires that 1 foot of vertical separation is maintained between the bottom of the permeable 
pavement section (including base course) and the seasonal high groundwater elevation or other 
impermeable layer. With the exception of one boring in the Idea Area groundwater was either not observed 
in our explorations (which typically extend to around 10 feet bgs) or perched groundwater was observed 
below 5 feet bgs. Based on our understanding of groundwater conditions we do not anticipate that 
separation from the groundwater table will be an issue in the proposed permeable pavement areas.  

We did not observe what we interpret to be an impermeable layer in our explorations. In areas where 
relatively more permeable soils overlie relatively less permeable soils (for example outwash or weathered 
till overlaying intact glacial till) the infiltration rate of the lower permeability soil should be used for design. 

AAnderson2
Highlight
The tables presented on Figures 4 through 10 summarize the lowest infiltration rate determined in each boring.  
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Soil Physical and Chemical Suitability for Treatment 

To be suitable for stormwater treatment, soils must have minimum CEC of 5 meq/100 g (miliequivalents 
per 100 grams). Results of CEC and organic content testing are presented in Appendix B. Where soils do 
not meet the treatment criteria, a treatment layer should be included in the permeable pavement section.  

INFILTRATION DISCUSSION AND RECOMMENDATIONS FOR ADDITIONAL TESTING 

Native soils encountered near the ground surface in the South Tacoma Way, Tacoma Mall and South 64th 
Street explorations predominately consisted of Steilacoom Gravel outwash with a relatively low amount of 
fines. Calculated infiltration rates of the soils encountered in these areas is relatively high and in our opinion 
permeable pavements are feasible with regards to infiltration considerations.  

Soils observed in the Crandall, East K, East G, and Idea Areas consist of fill, weathered glacial till, intact 
glacial till or advance outwash soils. In our opinion, the fill and advance outwash soils observed in our 
explorations are suitable for infiltration and the values presented may be used for preliminary design. The 
infiltration capacity of the weathered glacial till and intact glacial till soils will likely be less than that of the 
fill or advance outwash soils. In our opinion, infiltrating through weathered till or glacial till is feasible 
provided an appropriate design infiltration rate is established. The infiltration rates calculated for the 
weathered till and intact glacial till soil using the grain-size method are likely an overestimation of the actual 
infiltration rates. Based on our experience the typical design infiltration rate for weathered glacial till could 
be on the order of 0.1 to 0.5 inches per hour. We anticipate that typical design infiltration rate for intact 
glacial till could be on the order of 0.05 to 0.2 inches per hour.  

Ultimately, the infiltration rate of glacial till soil depends on a variety of factors including grain-size 
distribution, density, and degree and depth of weathering. In some cases, the design infiltration rate of 
glacial till soils could be less than the ranges presented. According to the SWMM, the design infiltration 
rate for soils that have been consolidated by “glacial advance” must be determined by field infiltration 
methods (pilot infiltration tests). Glacial till and advance outwash soils present in the Crandall, East K, East 
G, and Idea Areas are glacially consolidated soils. Pilot infiltration tests should be performed in these areas 
to establish or confirm the assumed design infiltration rate(s). The Steilacoom gravel soils are a recessional 
outwash deposit and according to the SWMM the long-term infiltration rates calculated using the grain-size 
analysis method are suitable for design.  

LIMITATIONS 

We have prepared this report for the City of Tacoma for the Permeable Pavement Study in Tacoma, 
Washington. The City of Tacoma may distribute copies of this report to owner’s authorized agents and 
regulatory agencies as may be required for the Project. 
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Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted practices for geotechnical engineering services in this area at the time this report was 
prepared. The conclusions, recommendations, and opinions presented in this report are based on our 
professional knowledge, judgment and experience. No warranty, express or implied, applies to the services 
or this report.  

Please refer to Appendix D titled “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report. 
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Notes: 
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Figure 4

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

STW B-1 4850 S. Tacoma Way 10 >10 6

STW B-2 4851 S. Puget Sound 9.5 >9.5 5.5

STW B-3 5050 S. Puget Sound 9 >9 3

STW B-4 5047 S. Warner St. 10 >10 5.5

STW B-5 5402 S. Puget Sound 10 >10 5.5

STW B-6 5242 S Birmingham St. 9.5 >9.5 14

STW B-7 5307 S. Alder St. 9.5 >9.5 4

STW B-8 5416 S Alder St. 10 >10 3.5

STW B-9 5444 S. Birmingham St. 10 >10 28

STW B-10 5428 S. Warner St. 10 >10 5.5
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Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Figure 5

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

Mall B-1 4302 S. Union Ave. 10 >10 4.5

Mall B-2 4347 S. Warner St. 10 >10 15.5

Mall B-3 4702 S. Warner St. 10 >10 2.8

Mall B-4 4701 S. Tacoma Way 10 >10 4.5

Mall B-5 4302 S. 43rd St. 10 >10 4.5

Mall B-6 3118 S.45th St. 10 >10 7

Mall B-7 2919 S. 45th St. 10 >10 4.5

Mall B-8 3507 S. 40th St. 10 >10 1

Mall B-9 4330 S. Union Ave. 10 >10 3.5

AAnderson2
Highlight
Based on City of Tacoma Grain Size Analysis Methodology. Includes correction factors and accounts for soil layering.

aanderson2
Highlight
Tacoma Mall AreaSite Plan



400 0 400

Feet

Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Figure 6

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

S. 64th B-1 6250 S. Ferdinand St. 10 >10 3.5

S. 64th B-2 6433 S. Ferdinand St. 10 >10 7

S. 64th B-3 4210 S. 64th St. 10 >10 3.5
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Figure 7

Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Projection: NAD 1983 StatePlane Washington South FIPS 4602 Feet

Data Source: Aerial from ESRI, Street basemap from Mapbox 
Open Street Map, 2016, Roads from Pierce County Roads

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

Crandall B-1 104 E. 35th 10 >10 37

Crandall B-2 3416 E. B St. 9.5 >9.5 1

Crandall B-3 106 S. Harrison 10 8.5 2

Crandall B-4 3561 A St. 10 >10 0.75

Crandall B-5 3594 E B St. 10 8.5 0.2

Crandall B-6 117 S. 36th St. 10 9 2.5

Crandall B-7 3620 S. Crandall 10 5 1

Crandall B-8 3631 A St. 9.25 >9.25 1

Crandall B-9 3625 E. B St. 10 >10 1.75
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Figure 8

Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Projection: NAD 1983 StatePlane Washington South FIPS 4602 Feet

Data Source: Aerial from ESRI, Street basemap from Mapbox 
Open Street Map, 2016, Roads from Pierce County Roads

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

East K B-1 1102 E. 44th 10 8.5 0.6

East K B-2 4501 E. K 9.5 >9.5 0.9

East K B-3 1101 E. 46th 10 8.5 0.9

East K B-4 1207 E. 46th 9.5 >9.5 0.9

East K B-5 1229 E. 46th 10 >10 1
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Figure 9

Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Projection: NAD 1983 StatePlane Washington South FIPS 4602 Feet

Data Source: Aerial from ESRI, Street basemap from Mapbox 
Open Street Map, 2016, Roads from Pierce County Roads

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

East G B-1 705 E. 52nd 8.75 >8.75 0.7

East G B-2 716 E. 52nd 10 >10 1.5

East G B-3 5230 E. F St. 10 >10 0.6

East G B-4 722 E. 53 St. 10 >10 0.7

East G B-5 614 E. 54th St. 9 5 0.9

East G B-6 718 E. 54th St. 9.5 >9.5 0.8

East G B-7 601 E. 55th St. 10 8.4 0.5

East G B-8 712 E. 55th St. 9.5 >9.5 0.4

East G B-9 609 E. 56th St. 10 >10 0.5
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Figure 10

Notes: 
1. Below existing ground surface at time of drilling. 
See report text for additional information.
2. Based on City of Tacoma Grain Size Analysis Methodology. 
Includes correction factors and accounts for soil layering.
3. The locations of all features shown are approximate.
4. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Projection: NAD 1983 StatePlane Washington South FIPS 4602 Feet

Data Source: Aerial from ESRI, Street basemap from Mapbox 
Open Street Map, 2016, Roads from Pierce County Roads

               

Exploration
Approximate Boring 

Location Address

Boring 

Depth 

Depth to 

Groundwater
1

Calculated Long Term 

Infiltration Rate
2 

(Feet) (Feet) (in/hr)

Idea B-1 6801 S. G 10 >10 0.4

Idea B-2 6816 Tacoma Ave. South 10 >10 0.7

Idea B-3 7020 Tacoma Ave. South 10 8.5 0.6

Idea B-4 7028  Fawcett Ave. S. 10 2 0.3
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 File No. 0570-146-00 

APPENDIX A 
SUBSURFACE EXPLORATIONS  

General 

Subsurface conditions were explored at the South Tacoma Way Area, Tacoma Mall Area and South 64th 
Street Area between April 27 and April 29, 2016. Exploration in the Crandall, East K, East G and Idea Areas 
were explored between March 13 and March 17, 2017. Exploration locations were located in the field by 
pacing and measuring from existing site features. Latitude and longitude were determined using 
recreational grade GPS software. Locations and elevations should be considered approximate. Soils were 
classified in general accordance with Figure A-1, which includes a Key to Exploration Logs. The boring logs 
are included as Figures A-2 through A-8.  

Boring Advancement and Sample Collection 

The explorations were advanced by Holocene Drilling, Inc. using a truck-mounted drill rig under subcontract 
to GeoEngineers. Hollow-stem auger drilling methods were used to advance the borings. The borings were 
advanced to depths between 8.75 and 10 feet bgs. 

We obtained disturbed soil samples borings using either a 1.5-inch or 2.4-inch-inside-diameter split-spoon 
sampler driven into the soil using a 140-pound hammer free-falling a distance of 30 inches. The number 
of blows required to drive the sampler the last 12 inches or other indicated distance is recorded on the logs 
as the blow count. 

Our representative assisted with locating the borings, continuously monitored the borings, maintained a log 
of the subsurface conditions, and observed sample attempts, generally at 2.5-foot to 5-foot-depth intervals.  

Boring Waste Disposal and Boring Completion 

Cuttings generated from drilling were contained, transported off site and disposed of by Holocene Drilling. 
All borings were backfilled by Holocene Drilling following Washington State Department of Ecology 
standards. Holocene Drilling used fast setting lean mix concrete to patch the pavement sections of the 
roadway. 
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moist) (Steilacoom gravel outwash)
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gravel with sand, trace silt (medium dense,
moist)
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CEC; OC

4

9

13

6

0
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99/9"

Approximately 3 inches asphalt concrete
pavement

Approximately 3 inches crushed rock base
course

Dark brown fine to coarse sand with silt and
gravel, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Light brown, gray and orange fine to coarse
gravel with sand, trace silt (medium dense,
moist)

Grades to very dense

AC

CR

SP-SM

GP

CEC = Cation Exchange Capacity; grab
sample from cuttings (estimated depth=8
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Cobbles observed in cuttings
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Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

278
NAVD88
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Geographic
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CEC; OC
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50/5"

Approximately 3 inches crushed rock
Dark brown with occasional orange silty fine to

coarse sand with gravel, trace organic
matter (loose, moist) (Steilacoom gravel
outwash)

Brown, gray and orange medium sand with
gravel, trace silt (medium dense, moist)

Grades to very dense

CR

SM

SP

Grab sample from cuttings

CEC = Cation Exchange Capacity; rock in
shoe - no recovery
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Not Observed

Note: See Figure A-1 for explanation of symbols.
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SA

2
SA

3
CEC; OC

18

14

12
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29

35

Approximately 3 inches sod
Dark brown fine to coarse sand with silt and

gravel, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Light brown, gray and orange fine to coarse
gravel with sand, trace silt (medium dense,
moist)

SOD

SP-SM

GW

Decreased organic matter

CEC = Cation Exchange Capacity
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Drilling
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4/29/20164/29/2016

271
NAVD88
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Not Observed

Note: See Figure A-1 for explanation of symbols.
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SA; HA

2
CEC; OC

3
SA

16

15

18

19

31

72

Approximately 3 inches grass/sod
Light brown silty fine to medium sand with

gravel, trace organic matter (fine roots,
small branches) (loose, moist) (planter fill)

Dark brown fine to coarse gravel with silt and
sand, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Light brown, orange and gray fine to medium
sand with gravel, trace silt (medium dense,
moist)

Light brown, orange and gray fine to coarse
gravel with silt and sand (medium dense,
moist)

SOD

SM

GP-GM

SP

GW-GM

CEC = Cation Exchange Capacity
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NAVD88
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Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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SA

2
SA

3
CEC; OC

4

17

18

0

13

30

50/6"

Dark brown silty fine to medium sand with
gravel, trace organic matter (fine roots)
(loose, moist) (fill)

Light brown and orange fine to medium sand,
occasional gravel, trace silt (loose, moist)
(Steilacoom gravel outwash)

Grades coarser

Grades to medium dense

Grades to with gravel and very dense

SM

SP

CEC = Cation Exchange Capacity
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Method
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Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016
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NAVD88
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Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA

3
CEC; OC

18

18

12

17

27

50/6"

Dark brown/black fine to coarse sand with silt
and gravel, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Light brown, gray and orange fine to medium
sand, occasional gravel, trace silt (medium
dense, moist)

Grades to with gravel and very dense

SP-SM

SP

CEC = Cation Exchange Capacity

11

2

10

4

Total
Depth (ft)
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System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

301
NAVD88

47.208448
-122.477472

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
CEC; OC

3
SA

12

18

12

16

22

50

Dark brown fine to coarse gravel with silt and
sand, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Brown, orange and gray fine to coarse sand
with occasional gravel, trace silt (loose,
moist)

Brown, orange, gray fine to coarse gravel with
sand, trace silt (medium dense, moist)

GP-GM

SP

GW

CEC = Cation Exchange Capacity
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

284
NAVD88

47.207019
-122.477609

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
CEC; OC

2

3
SA

18

16

17

29

8

51

Gray fine gravel with sand, trace silt (medium
dense, moist) (fill)

Brown, orange and gray fine to medium sand
with gravel, trace silt, trace organic matter
(fine roots) (loose, moist)

Brown, gray, orange fine to coarse gravel with
sand, trace silt (medium dense, moist)
(Steilacoom gravel outwash)

GP

SP

GP

CEC = Cation Exchange Capacity

Clay pipe debris at approximately 6.25 feet
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

261
NAVD88

47.206513
-122.480294

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA

3
SA

4
CEC; OC

5

16

16

16

16

42

32

Approximately 3 inches sod
Grayish brown fine to medium sand with silt

and gravel, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Brown, orange and gray fine to coarse sand
with silt and gravel, trace organic matter
(fine roots) (loose, moist)

Grades to medium dense

Brown, gray and orange fine to coarse gravel
with silt and sand (medium dense, moist)

Brown, gray and orange fine to coarse sand
with silt and gravel (medium dense, moist)

SOD

SW-SM

GP

GP-GM

SP-SM

CEC = Cation Exchange Capacity
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

259
NAVD88

47.207031
-122.481411

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2

3
SA; CEC; OC

10

5

17

13

45

17

Approximately 3 inches asphalt concrete
pavement

Approximately 3 inches crushed rock
Dark brown/black fine to coarse sand with silt

and gravel, trace organic matter (fine roots
and wood debris) (loose, moist)
(Steilacoom gravel outwash)

Grades to medium dense
Two rocks approximately 3 inches in diameter

in sampler
Light brown and gray fine to coarse sand with

silt and occasional gravel (medium dense,
moist)

Grades to loose

AC

GP

SP-SM

SP-SM

CEC = Cation Exchange Capacity

11

9

8

8

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum
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Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

283
NAVD88

47.218551
-122.483405

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA

3
CEC; OC

4

16

10

0

50/5"

12

50/6"

Approximately 1 inch asphalt concrete
pavement

Dark brown fine to coarse gravel with silt and
sand (very dense, moist) (Steilacoom
gravel outwash)

Brown fine to coarse gravel with sand, trace silt
(loose, moist)

Grades to very dense

AC

GW-GM

GW

CEC = Cation Exchange Capacity
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System
Datum

Start End
Checked By
Logged By
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

309
NAVD88

47.216753
-122.480044

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.

FIELD DATA

D
ep

th
 (

fe
et

)

0

5

10

In
te

rv
al

E
le

va
tio

n 
(f

ee
t)

30
5

30
0

S
am

pl
e 

N
am

e
T

es
tin

g

R
ec

ov
er

ed
 (

in
)

G
ra

ph
ic

 L
og

C
o

lle
ct

ed
 S

am
p

le

B
lo

w
s/

fo
ot

MATERIAL
DESCRIPTION

G
ro

up
C

la
ss

ifi
ca

tio
n

W
at

er
 L

ev
el

Log of Boring Tacoma Mall B-2
City of Tacoma - Permeable Pavement Study

Tacoma, Washington

0570-146-00

Project:

Project Location:

Project Number:
Figure A-3.2

Sheet 1 of 1D
at

e:
8/

3/
17

 P
at

h:
P

:\0
\0

57
01

46
\G

IN
T

\0
57

01
46

00
.G

P
J 

 D
B

Li
br

ar
y/

Li
br

ar
y:

G
E

O
E

N
G

IN
E

E
R

S
_D

F
_S

T
D

_U
S

.G
LB

/G
E

I8
_G

E
O

T
E

C
H

_S
T

A
N

D
A

R
D

_%
F

REMARKS

F
in

es
C

on
te

nt
 (

%
)

M
oi

st
ur

e
C

on
te

nt
 (

%
)

AAnderson2
Highlight
B-2



1
SA

2
SA; HA

3
CEC; OC

4

5

17

16

17

10

34

30

Dark brown silty fine to coarse gravel with
sand, trace organic matter (fine roots) (very
loose, moist) (Steilacoom gravel outwash)

Brown and occasional orange silty fine to
coarse sand with gravel (very loose, moist)

Gray with orange silty fine to medium sand with
gravel, trace organic matter (fine roots)
(medium dense, moist)

Gray and brown fine to medium sand with silt
(medium dense, moist)

GM

SM

SM

SP-SM

CEC = Cation Exchange Capacity
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Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

309
NAVD88

47.214533
-122.480678

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1

2
HA

3
SA

4
CEC; OC

16

16

18

8

24

55

Approximately 3 inches sod
Brown silty fine to medium sand with

occasional gravel, trace organic matter (fine
roots) (very loose, moist) (planter fill)

Dark brown with occasional orange fine to
medium sand with silt and gravel, trace
organic matter (fine roots) (very loose,
moist) (Steilacoom gravel outwash)

Light brown orange and gray fine to coarse
sand with gravel, trace silt (medium dense,
moist)

SOD

SM

SP-SM

SP Drill chatter at approximately 3 feet

CEC = Cation Exchange Capacity
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

278
NAVD88

47.214658
-122.483722

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA; HA

3
CEC; OC

16

5

12

19

11

31

Approximately 3 inches sod
Dark brown/black fine to coarse gravel with silt

and sand, trace organic matter (fine roots)
(medium dense, moist) (Steilacoom gravel
outwash)

Reddish brown silty fine to medium sand,
occasional gravel, trace organic matter (fine
roots) (medium dense, moist)

Gray and brown fine to coarse sand with silt
and gravel (medium dense, moist)

SOD

GP-GM

SM

SP-SM

CEC = Cation Exchange Capacity
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Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)
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Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

322
NAVD88

47.218627
-122.476716

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA

3
CEC; OC

4

12

13

0

60/5"

24

27

Approximately 1 inch asphalt concrete
pavement

Dark brown fine to coarse gravel with silt and
sand (very dense, moist) (Steilacoom
gravel outwash)

Brown fine to coarse gravel with silt and sand
(loose, moist)

Grades to medium dense

AC

GW-GM

GP-GM

Broken rock in sampler

CEC = Cation Exchange Capacity
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EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

310
NAVD88

47.216759
-122.478726

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2

3
SA

4
CEC; OC

8

0

18

18

18

17

22

17

Brown silty fine to coarse gravel with silt and
sand (loose, moist) (Steilacoom gravel
outwash)

Light brown and orange silty fine to medium
sand with gravel (loose, moist)

Light brown and orange sandy silt (stiff, moist)
(glacial till)

GW-GM

SM

ML

CEC = Cation Exchange Capacity
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System
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Start End
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Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

310
NAVD88

47.216837
-122.474606

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2

3
SA; HA

4
CEC; OC

12

0

18

13

50/4"

63

Brown silty fine to coarse gravel with silt and
sand, trace organic matter (fine roots),
trace debris (glass fragments) (loose,
moist) (fill)

Gray silty fine to coarse gravel with sand (very
dense, moist) (glacial till)

Brown and orange silty fine to coarse sand with
gravel (medium dense, moist)

GW-GM

GM

SM

CEC = Cation Exchange Capacity
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Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

297
NAVD88

47.220803
-122.482037

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
CEC; OC

3

4

5
SA

6

9

0

18

18

38

77

69

68

Dark brown/black fine to coarse gravel with silt
and sand, trace organic matter (fine roots)
(medium dense, moist) (fill)

Light brown and orange fine to coarse sand
with silt and gravel (medium dense, moist)
(Steilacoom gravel outwash)

Brown and orange fine to coarse gravel with silt
and sand (dense, moist)

Light brown fine to coarse sand with silt and
gravel (medium dense, moist)

GP-GM

SP-SM

GP-GM

SP-SM

CEC = Cation Exchange Capacity

Increased gravel in cuttings at 4 feet
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EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

287
NAVD88

47.216946
-122.483403

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA

3
SA; CEC; OC

4

17

18

6

16

20

50/5"

Gray crushed rock (fill)

Dark brown/black silty fine to medium sand
with gravel, trace organic matter (fine roots)
(loose, moist) (Steilacoom gravel outwash)

Gray fine to coarse sand with silt and gravel
(loose, moist)

Light brown/orange fine to coarse sand with
gravel, trace silt (loose, moist)

Grades to gray and very dense

CR

SM

SP-SM

SP CEC = Cation Exchange Capacity
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Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

262
NAVD88

47.199312
-122.502652

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA

3
CEC; OC

18

18

14

17

55

41

Gray fine to coarse sand with silt and gravel,
trace organic matter (fine roots) (medium
dense, moist) (fill)

Dark brown fine to medium sand with silt, trace
organic matter (fine roots) (loose, moist)
(Steilacoom gravel outwash)

Grades to with gravel in cuttings
Light brown, orange and gray fine to coarse

gravel with sand (medium dense, moist)

SP-SM

SM

GP

CEC = Cation Exchange Capacity
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Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

261
NAVD88

47.198334
-122.502022

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA

3

4
CEC; OC

18

16

16

47

49

50/6"

Gray crushed rock (fill)
Gray and brown occasional orange silty fine to

coarse sand with occasional gravel
(medium dense, moist) (Steilacoom gravel
outwash)

Gray and brown fine to coarse sand with silt
and gravel (medium dense, moist)

Light brown and orange silt (very stiff, moist)

Light brown and orange fine to coarse sand
with silt and gravel (medium dense, moist)

Grades to very dense

CR

SM

SP-SM

ML

SP-SM

CEC = Cation Exchange Capacity
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7
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Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

283
NAVD88

47.199253
-122.493309

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3

18

17

17

17

26

85/11"

Approximately 2 inches of sod
Brown silty fine to medium sand with gravel

(loose, moist) (fill)
Brownish gray fine to coarse sand with gravel

and trace silt (loose, moist) (advance
outwash)

Grades to medium dense

Grades to dense

SOD

SM

SP CEC = Cation Exchange Capacity56

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

290
NAVD88

47.2294
-122.4313

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA; HA; CEC;

OC

3

18

18

5

10

15

21

50/6"

Approximately 6 inches crushed rock (medium
dense, moist)

Dark brown silty fine to coarse sand with gravel
(loose, moist) (fill)

Brown fine to coarse gravel with silt and sand
(loose, moist)

Light brown with orange staining silty fine to
medium sand (loose, moist) (weathered till)

Gray silty fine to coarse sand with gravel
(dense, moist) (glacial till)

CR

SM

GW-GM

SM

SM

CEC = Cation Exchange Capacity

Drill chatter at 7 feet

8

48

7

18

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

290
NAVD88

47.2297
-122.43

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3
SA

4

5

18

18

18

6

40

62

Approximately 4 inches crushed rock (medium
dense, moist)

Mottled dark and light brown silty fine to
medium sand with gravel (very loose, moist)
(advance outwash)

Grades to medium dense
Becomes light brown and orange

Gray fine to medium sand with silt and gravel
(medium dense, moist)

Gray to brown sandy silt with occasional gravel
(very stiff, moist)

Grades to wet

Gray fine to medium sand with silt and gravel
(medium dense, moist)

CR

SM

SW-SM

ML

SP-SM

CEC = Cation Exchange Capacity

Perched groundwater observed at
approximately 8½ feet below ground surface

during drilling

30
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Total
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Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

300
NAVD88

47.2283
-122.4318

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3
SA

18

8

18

11

19

50/5"

67

Approximately 1 inch asphalt concrete
pavement

Approximately 6 inches of dark brown fine to
coarse gravel with silt and sand (loose,
moist) (fill)

Gray sandy silt with gravel (medium stiff, moist)
(glacial till)

Grades to light brown in color

Brown to gray fine to coarse gravel with silt and
sand (dense, moist) (advance outwash)

AC

GP-GM

ML

GP-GM

CEC = Cation Exchange Capacity50

5

20

5

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

310
NAVD88

47.2278
-122.4313

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

3

18

16

43

12

Approximately 3 inches asphalt concrete
pavement

Brown fine to coarse gravel with silt and sand
(medium dense, moist) (fill)

Gray with occasional brown mottle silty fine to
medium sand with gravel (loose, moist)

Grayish brown silt with sand and wood debris
(roots/branches) (very stiff, moist)

Light brown silty fine to medium sand (loose,
moist) (advance outwash)

Grades to wet

AC

GP-GM

SM

ML

SM

CEC = Cation Exchange Capacity

Perched groundwater observed at 8½ feet
below ground surface during drilling

41

77
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Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/16/20173/16/2017

310
NAVD88

47.227
-122.4297

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

12

15

53

29

33

Approximately 2 inches sod
Dark brown fine to coarse gravel with silt and

sand (medium dense, moist) (fill)

Light brown silty fine to coarse sand with gravel
(medium dense, moist) (advance outwash)

Brown fine to coarse gravel with silt and sand
(medium dense, moist)

Grades to wet

SOD

GP-GM

SM

GP-GM

CEC = Cation Exchange Capacity

Perched groundwater observed at
approximately 9 feet below ground surface

during drilling
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4

7

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/16/20173/16/2017

320
NAVD88

47.2263
-122.4323

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

4

18

14

16

18

38

4

7

Dark brown silty fine to medium sand with
gravel and trace organic matter (fine roots)
(medium dense, moist) (fill)

Light brown to gray silty fine to medium sand
with occasional gravel (medium dense,
moist) (glacial till)

Gray with occasional orange mottle silty fine to
medium sand with occasional gravel (very
loose, moist)

Grades to wet

Brown fine to coarse sand with silt (very loose,
moist) (advance outwash)

Gray sandy silt with occasional gravel (medium
stiff, moist)

SM

SM

SM

SP-SM

ML

CEC = Cation Exchange Capacity

Perched groundwater observed at
approximately 5 feet below ground surface

during drilling

39

45

9

14

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/16/20173/16/2017

330
NAVD88

47.2255
-122.4321

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

15

18

0

24

32

50/3"

Approximately 1-inch coarse gravel
Brown and orange fine to coarse gravel with

sand and trace silt (loose, moist) (advance
outwash)

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

GP

GP

SM

CEC = Cation Exchange Capacity

Smoother drilling at approximately 4 feet

No recovery

3

32

4

10

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.25

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/16/20173/16/2017

330
NAVD88

47.2251
-122.4313

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3
SA; HA

14

18

12

40

24

58

Approximately 4 inches asphalt concrete
pavement

Approximately 4 inches crushed rock (dense,
moist) (base course)

Dark brown silty fine to medium sand with
gravel (medium dense, moist) (fill)

Brown fine to coarse sand with gravel and
trace silt (medium dense, moist) (advance
outwash)

Grades to loose

Grayish brown sandy silt (medium dense,
moist) (glacial till)

AC

CR

SM

SP

ML

CEC = Cation Exchange Capacity4

61

4

18

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/16/20173/16/2017

330
NAVD88

47.2255
-122.4297

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

18

18

3

8

31

81

Approximately 3 inches sod
Brown with occasional orange mottle silty fine

to coarse gravel with sand and trace
organic matter (fine roots) (very loose,
moist) (fill)

Gray with orange staining silty fine to medium
sand with gravel (medium dense, moist)
(glacial till)

Brown with gray and orange mottle silty fine to
coarse sand with gravel (dense, moist)
(advance outwash)

Grades to wet

SOD

GM

SM

SM

CEC = Cation Exchange Capacity

Drill chatter at approximately 7 feet

Perched groundwater observed at
approximately 8½ feet below ground surface

during drilling
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

330
NAVD88

47.2169
-122.4155

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.

FIELD DATA

D
ep

th
 (

fe
et

)

0

5

10

In
te

rv
al

E
le

va
tio

n 
(f

ee
t)

32
5

32
0

S
am

pl
e 

N
am

e
T

es
tin

g

R
ec

ov
er

ed
 (

in
)

G
ra

ph
ic

 L
og

C
o

lle
ct

ed
 S

am
p

le

B
lo

w
s/

fo
ot

MATERIAL
DESCRIPTION

G
ro

up
C

la
ss

ifi
ca

tio
n

W
at

er
 L

ev
el

Log of Boring East K B-1
City of Tacoma - Permeable Pavement Study

Tacoma, Washington

0570-146-00

Project:

Project Location:

Project Number:
Figure A-6.1

Sheet 1 of 1D
at

e:
8/

3/
17

 P
at

h:
P

:\0
\0

57
01

46
\G

IN
T

\0
57

01
46

00
.G

P
J 

 D
B

Li
br

ar
y/

Li
br

ar
y:

G
E

O
E

N
G

IN
E

E
R

S
_D

F
_S

T
D

_U
S

.G
LB

/G
E

I8
_G

E
O

T
E

C
H

_S
T

A
N

D
A

R
D

_%
F

REMARKS

F
in

es
C

on
te

nt
 (

%
)

M
oi

st
ur

e
C

on
te

nt
 (

%
)



1

2
SA; HA; OC

3
SA; HA

4

9

18

11

54

5

50/5"

Approximately 5 inches crushed rock (medium
dense, moist)

Gray with orange mottle silty fine to medium
sand with gravel (medium dense, moist)
(fill)

Light brown with orange mottle silty fine to
coarse gravel with sand (very loose, moist)
(weathered till)

Gray silty fine to medium sand with gravel (very
dense, moist) (glacial till)

CR

SM

GM

SM
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

340
NAVD88

47.2162
-122.4155

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA; HA; CEC;

OC

3

16

18

14

3

9

44

70

Approximately 2 inches sod
Light brown with gray and orange mottle silty

fine to coarse gravel with sand and trace
organic matter (fine roots) (very loose,
moist) (weathered till)

Gray silty fine to coarse gravel with sand
(medium dense, moist) (glacial till)

Gray fine to coarse gravel with silt and sand
(very dense, moist) (advance outwash)

Grades to wet

SOD

GM

GM

GP-GM

CEC = Cation Exchange Capacity

Drill chatter at approximately 6 feet

Perched groundwater observed at
approximately 8½ feet below ground surface

during drilling
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

340
NAVD88

47.2154
-122.4153

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

18

12

6

9

71

93/12"

Approximately 3 inches sod
Brown with gray and orange mottle silty fine to

medium sand with occasional gravel and
trace organic matter (fine roots) (very loose,
moist) (weathered till)

Gray silty fine to coarse sand with gravel
(medium dense, moist) (glacial till)

Gray fine to coarse gravel with silt and sand
(very dense, moist) (advance outwash)

SOD

SM

SM

GP-GM

CEC = Cation Exchange Capacity45

36
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Total
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Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

320
NAVD88

47.2154
-122.4138

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

18

18

4

13

79

68

Approximately 2 inches asphalt concrete
pavement

Approximately 6 inches brown fine to coarse
gravel with silt and sand (medium dense,
moist) (base course)

Brown with gray mottle silty fine to medium
sand with occasional gravel and trace
organic matter (roots) (loose, moist)
(weathered till)

Brown with orange staining fine to coarse
gravel with silt and sand (dense, moist)
(advance outwash)

Grades to medium dense

AC

GP-GM

SM

GP-GM

CEC = Cation Exchange Capacity39

11

17

6

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

330
NAVD88

47.2154
-122.4125

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

16

12

6

6

69/12"

50/3"

Approximately 3 inches grass/sod
Light brown sandy silt with gravel and trace

organic matter (roots) (soft, moist)
(weathered till)

Gray silty fine to medium sand with gravel (very
dense, moist) (glacial till)

SOD

ML

SM

CEC = Cation Exchange Capacity

3-inch rock in shoe
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger8.75

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

400
NAVD88

47.2103
-122.4227

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2

3
SA; HA; CEC;

OC

4

1

18

14

7

75

72

Approximately 3 inches asphalt concrete
pavement

Brown silty fine to medium sand with gravel
(loose, moist) (fill)

Brown fine to coarse gravel with silt and sand
(dense, moist) (glacial till)

Grades to medium dense

AC

SM

GW-GM

No SPT recovery; grab sample collected from
cuttings

CEC = Cation Exchange Capacity
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

410
NAVD88

47.2099
-122.4217

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1

SA; HA; CEC;
OC

2
SA; HA

3

17

18

18

11

8

34

Approximately 4 inches asphalt concrete
pavement

Approximately 8 inches crushed rock (dense,
moist) (base course)

Light brown with gray and orange staining silty
fine to coarse sand with gravel and trace
organic matter (fine roots) (loose, moist)
(weathered till)

Light brown to gray sandy silt (medium stiff,
moist)

Gray silty fine to coarse sand with gravel
(medium dense, moist) (glacial till)

AC

CR

SM

ML

SM

CEC = Cation Exchange Capacity30

55

12

22
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Data
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Datum

Start End
Checked By
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BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow-stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/14/20173/14/2017

380
NAVD88

47.2089
-122.4236

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3

18

18

16

16

14

62

Approximately 3 inches asphalt concrete
pavement

Light brown with orange staining silty fine sand
with gravel (loose, moist) (weathered till)

Gray silty fine to coarse sand with gravel
(medium dense, moist) (glacial till)

AC

SM

SM

CEC = Cation Exchange Capacity3615
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Depth to
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Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

410
NAVD88

47.209
-122.4217

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3

18

3

4

6

12

50/5"

50/6"

Approximately 6 inches crushed rock (dense,
moist)

Light brown with occasional orange staining
silty fine to medium sand with occasional
gravel (loose, moist) (weathered till)

Brown/gray silty fine to coarse sand with gravel
and trace organic matter (fine roots) (very
dense, moist) (glacial till)

Grades to wet

CR

SM

SM

CEC = Cation Exchange Capacity

Perched groundwater observed at
approximately 5 feet below ground surface

during drilling
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

400
NAVD88

47.2081
-122.4229

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

17

11

7

13

50/5"

50/5"

Approximately 2 inches crushed rock (dense,
moist)

Light brown with orange staining silty fine to
medium sand with occasional gravel (loose,
moist) (weathered till)

Gray silty fine to coarse sand with gravel (very
dense, moist) (glacial till)

CR

SM

SM

CEC = Cation Exchange Capacity

Approximate 4-inch rock in sampler

45

33

16

9
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

410
NAVD88

47.2081
-122.4217

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; CEC; OC

2

3
SA; HA

4

0

18

3

18

21

34

Approximately 3 inches sod
Brown silty fine to medium sand with gravel

and trace organic matter (fine roots)
(medium dense, moist) (fill)

Tan sandy silt with gravel (very stiff, moist)
(weathered till)

Grades to hard

SOD

SM

ML

No SPT recovery; grab sample from cuttings
CEC = Cation Exchange Capacity

Driller notes increased gravel during drilling
from 5 to 8½ feet

Perched groundwater observed a
approximately 8.4 feet below ground surface

during drilling
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System
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

390
NAVD88

47.2073
-122.4233

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
SA; CEC; OC

2
SA; HA

3

16

18

12

12

24

84

50/6"

Gray fine gravel with trace organic matter (fine
roots) (loose, moist) (gravel surfacing)

Brown fine to coarse gravel with silt and sand
(loose, moist) (fill)

Gray silty fine to medium gravel with sand
(dense, moist) (glacial till)

GP

GP-GM

GM

CEC = Cation Exchange Capacity7

32

5

7

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger9.5

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

400
NAVD88

47.2072
-122.4218

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2

3
SA; HA

4

9

0

9

16

10

42

16

55

Approximately 3 inches sod
Brown silty fine to medium sand with gravel

and trace organic matter (fine roots) (loose,
moist) (fill)

Light brown with occasional orange and gray
staining sandy silt with gravel (stiff, moist)
(glacial till)

Grades to hard

SOD

SM

ML

CEC = Cation Exchange Capacity

Wood debris (roots approximately 1 to 3
inches) in cuttings

Hard drilling at 3½ feet

Approximate 4-inch rock in toe sampler, no
recovery, resample

Drill chatter 8 to 10 feet

16

57

15

18

Total
Depth (ft)

Hammer
Data
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BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/13/20173/13/2017

400
NAVD88

47.2069
-122.4228

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

14

18

15

27

43

40

Approximately 1 inch asphalt concrete
pavement

Approximately 4 inches dark brown fine to
coarse gravel with silt and sand (loose,
moist) (fill)

Light brown with gray and orange mottle silty
fine to coarse sand with gravel (medium
dense, moist) (weathered till)

Gray silty fine to coarse sand with gravel
(medium dense, moist) (glacial till)

AC

GP-GM

SM

SM

CEC = Cation Exchange Capacity31

35
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9
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Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

390
NAVD88

47.1953
-122.4401

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA; CEC;

OC

2
SA; HA

3

18

12

18

12

22

33

56

Approximately 3 inches crushed rock (medium
dense, moist)

Brown with gray and orange mottle silty fine to
medium sand with occasional gravel (loose,
moist) (weathered till)

Gray silty fine to coarse gravel with sand
(medium dense, moist) (glacial till)

CR

SM

GM

CEC = Cation Exchange Capacity46

23

18

8

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

BELDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

390
NAVD88

47.1948
-122.4393

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
CEC; OC

3

4

12

18

3

9

18

36

57

Approximately 6 inches crushed rock and
coarse gravel (loose, moist) (crushed rock)
(fill)

Light brown with occasional orange mottle
sandy silt with gravel (stiff, wet) (weathered
till)

Grades to moist

Grades to dark brown and very stiff

Grayish brown with occasional orange staining
silty fine to medium sand with gravel
(medium dense, moist) (glacial till)

Grades to wet

CR

ML

SM

Perched groundwater observed at
approximately 1 foot below ground surface

during drilling

CEC = Cation Exchange Capacity

Perched groundwater observed at
approximately 8½ feet below ground surface

during drilling

5317
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Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Mobile B59 Truck-mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25-inch ID, CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

380
NAVD88

47.1932
-122.4393

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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1
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SA; HA; CEC;

OC

3
SA; HA

4

5

6

18
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14

37

90/9"

Dark brown fine to coarse gravel with silt, sand
and trace organic matter (fine roots)
(medium dense, moist) (fill)

Light brown with orange staining sandy silt with
occasional gravel (stiff, wet) (weathered till)

Gray sandy silt with gravel (very stiff, moist)
(glacial till)

Grades to hard

GP-GM

ML

ML

Perched groundwater observed at
approximately 2 feet below ground surface

during drilling
CEC = Cation Exchange Capacity
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Data
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Datum
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Notes:
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Longitude
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Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10
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Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

3/15/20173/15/2017

390
NAVD88
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-122.438

Geographic
WGS84

See Remarks

Note: See Figure A-1 for explanation of symbols.
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 Laboratory Testing 



 

  October 16, 2017 | Page B-1 
 File No. 0570-146-00 

APPENDIX B 
LABORATORY TESTING 

General 

Soil samples obtained from the borings were returned to our laboratory for further examination and testing. 
Our laboratory testing program consisted of grain-size distribution analyses. We also sent selected samples 
to the City of Tacoma laboratory for cation exchange capacity (CEC) and organic content (OC) tests. Details 
of the tests performed are provided in the sections below.  

Grain-Size Analysis 

Grain-size analyses were performed on selected soil samples in general accordance with ASTM Test Method 
D 442-63. This test provides a quantitative determination of the distribution of particle sizes in soils. Figures 
B-1 through B-28 present the results of the grain-size analyses.  

Cation Exchange Capacity and Organic Content Analysis 

We submitted samples to the City of Tacoma Environmental Laboratory for CEC and EC testing. A summary 
of the CEC and organic content test results are summarized in Figures B-29 through B-35. 
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

STW B-1
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Poorly graded sand with silt and gravel (SP-SM)

Well graded gravel with sand (GW)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

0570-146-00  Date Exported:  08/03/17
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE
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SILT OR CLAYCOBBLES
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

STW B-6
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES
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COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

STW B-10
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-1

Tacoma Mall B-1

1

8.5

Symbol

Moisture

(%)

8

8

3/8”3” 1.5” #4 #10 #20 #40 #60 #1003/4”

F
ig

u
re

 B
-7

S
ie

ve
-H

yd
ro

m
e

te
r A

n
a

lys
is

 R
e

s
u

lts

C
ity o

f Ta
c
o

m
a

 -
P

e
rm

e
a

b
le

 P
a

ve
m

e
n

t S
tu

d
y

Ta
c
o

m
a

, W
a

s
h

in
g
to

n

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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Poorly graded sand with silt and gravel (SP-SM)

Poorly graded sand with silt (SP-SM)
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-2

Tacoma Mall B-2

Tacoma Mall B-3

Tacoma Mall B-3
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Well graded gravel with silt and sand (GW-GM)

Well graded gravel with sand (GW)

Silty gravel with sand (GM)

Silty sand with gravel (SM)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-4

Tacoma Mall B-4
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Silty sand with gravel (SM) (Hydro only)

Poorly graded sand with gravel (SP)

Symbol

Moisture

(%)

7

5

3/8”3” 1.5” #4 #10 #20 #40 #60 #1003/4”

F
ig

u
re

 B
-9

S
ie

ve
-H

yd
ro

m
e

te
r A

n
a

lys
is

 R
e

s
u

lts

C
ity o

f Ta
c
o

m
a

 -
P

e
rm

e
a

b
le

 P
a

ve
m

e
n

t S
tu

d
y

Ta
c
o

m
a

, W
a

s
h

in
g
to

n

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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Poorly graded gravel with silt and sand (GP-GM)

Silty sand (SM)

Well graded gravel with silt and sand (GW-GM)

Poorly graded gravel with silt and sand (GP-GM)
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U.S. STANDARD SIEVE SIZE
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SILT OR CLAYCOBBLES
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Boring Number
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(feet) USCS Soil Description
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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Well graded gravel with silt and sand (GW-GM)

Silty sand with gravel (SM)
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-8

Tacoma Mall B-8

Tacoma Mall B-9

Tacoma Mall B-9
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(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

Well graded gravel with silt and sand (GW-GM)

Silty gravel with sand (GM)

Poorly graded gravel with silt and sand (GP-GM)

Poorly graded sand with silt and gravel (SP-SM)
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

South 64th B-1

South 64th B-1

South 64th B-1
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5

5.5

Silty sand with gravel (SM)

Poorly graded sand with silt and gravel (SP-SM)

Poorly graded sand with gravel (SP)
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Moisture
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

0570-146-00  Date Exported:  08/03/17



0

10

20

30

40

50

60

70

80

90

100

0.0010.010.11101001000

P
E

R
C

E
N

T
 P

A
S

S
IN

G
 B

Y
 W

E
IG

H
T
  
 

GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

South 64th B-2

South 64th B-2

South 64th B-3

South 64th B-3
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5

Poorly graded sand with silt (SP-SM)

Poorly graded gravel with sand (GP)

Silty sand with gravel (SM)

Poorly graded sand with silt and gravel (SP-SM)
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Moisture
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Crandall B-1 

Crandall B-2

Crandall B-2 
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1
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Poorly graded sand with gravel (SP)

Well graded gravel with silt and sand (GW-GM)

Silty sand (SM)
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Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Crandall B-3 

Crandall B-3

Crandall B-4

Crandall B-4
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5.75

0.5

8.5

Silty sand (SM)

Well graded sand with silt (SW-SM)

Sandy silt (ML)

Poorly graded gravel with silt and sand (GP-GM)
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Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Crandall B-5

Crandall B-5

Crandall B-6

Crandall B-6
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5

Silty sand (SM)

Silt with sand (ML)

Poorly graded gravel with silt and sand (GP-GM)

Silty sand with gravel (SM)
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Moisture
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Crandall B-7

Crandall B-7

Crandall B-8

Crandall B-8
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5

Silty sand (SM)

Silty sand (SM)

Poorly graded gravel with sand (GP)

Silty sand with gravel (SM)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Crandall B-9

Crandall B-9
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Poorly graded sand with gravel (SP)

Sandy silt (ML)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East K B-1

East K B-1

East K B-2

East K B-2

0.5
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5

5.75

Silty gravel with sand (GM)

Silty sand with gravel (SM)

Silty sand with gravel (SM)

Silty gravel with sand (GM)
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Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East K B-3

East K B-3

East K B-4

East K B-4

0.5

5.5

0.5

5.5

Silty gravel with sand (GM)

Silty gravel with sand (GM)

Silty sand (SM)

Silty sand with gravel (SM)

Symbol

Moisture

(%)

13

10

21

10

3/8”3” 1.5” #4 #10 #20 #40 #60 #1003/4”

F
ig

u
re

 B
-2

1

S
ie

ve
-H

yd
ro

m
e

te
r A

n
a

lys
is

 R
e

s
u

lts

C
ity o

f Ta
c
o

m
a

 -
P

e
rm

e
a

b
le

 P
a

ve
m

e
n

t S
tu

d
y

Ta
c
o

m
a

, W
a

s
h

in
g
to

n

Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East K B-5

East K B-5 

1

5

Silty sand (SM)

Poorly graded gravel with silt and sand (GP-GM)
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Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East G B-1

East G B-1 

East G B-2 

East G B-2 

0.5

5

0.5

5

Sandy silt (ML)

Silty sand (SM)

Silty sand with gravel (SM)

Well graded gravel with silt and sand (GW-GM)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East G B-3

East G B-3

East G B-4

East G B-5

1

6

0.5

0.5

Silty sand with gravel (SM)

Sandy silt (ML)

Silty sand with gravel (SM)

Silty sand (SM)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East G B-6

East G B-6

East G B-7

East G B-7
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5

Silty sand (SM)

Silty sand with gravel (SM)

Silty sand with gravel (SM)

Sandy silt (ML)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

East G B-8 

East G B-8

East G B-9

East G B-9

0.5

5

0.25

6.5

Poorly graded gravel with silt and sand (GP-GM)

Silty gravel with sand (GM)

Silty sand with gravel (SM)

Sandy silt (ML)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Idea B-1 

Idea B-1

Idea B-2

Idea B-2

0.75

5

0.5

5

Silty sand with gravel (SM)

Silty sand with gravel (SM)

Silty sand (SM)

Silty gravel with sand (GM)

Symbol

Moisture

(%)

12

9

18

8
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Idea B-3

Idea B-4

Idea B-4

0.75

2

5

Sandy silt with gravel (ML)

Sandy silt (ML)

Sandy silt with gravel (ML)

Symbol

Moisture

(%)

17

22
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3/8”3” 1.5” #4 #10 #20 #40 #60 #1003/4”
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913. The Hydrometer analysis results were obtained in general accordance with ASTM D 422.
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-29

Summary of Cation Exchange Capacity and 

Organic Content Results 

South Tacoma Way (STW) Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)
Organic Content (percent)

STW B-1 8.5 Steilacoom Gravel outwash 6.8 0.9

STW B-2 8 Steilacoom Gravel outwash 9.1 1.1

STW B-3 8 Steilacoom Gravel outwash 5.0 0.8

STW B-4 8.5 Steilacoom Gravel outwash 7.0 0.8

STW B-5 5 Steilacoom Gravel outwash 6.0 0.9

STW B-6 8 Steilacoom Gravel outwash 5.6 1.0

STW B-7 8.5 Steilacoom Gravel outwash 5.7 1.1

STW B-8 5 Steilacoom Gravel outwash 5.6 1.3

STW B-9 1 Fill 7.8 0.8

STW B-10 8.5 Steilacoom Gravel outwash 7.6 0.8
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-30

Summary of Cation Exchange Capacity and 

Organic Content Results

Tacoma Mall Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)
Organic Content (percent)

Mall B-1 8.5 Steilacoom Gravel outwash 9.7 1.6

Mall B-2 8 Steilacoom Gravel outwash 20.3 1.3

Mall B-3 5 Steilacoom Gravel outwash 8.0 1.2

Mall B-4 8.5 Steilacoom Gravel outwash 6.1 1.2

Mall B-5 8.5 Steilacoom Gravel outwash 4.2 0.8

Mall B-6 8 Steilacoom Gravel outwash 13.7 1.3

Mall B-7 8.5 Steilacoom Gravel outwash 12.3 1.5

Mall B-8 8.5 Steilacoom Gravel outwash 19.1 1.4

Mall B-9 1.5 Steilacoom Gravel outwash 16.5 1.8
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-31

Summary of Cation Exchange Capacity and 

Organic Content Results

South 64th Street Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample 

Depth (feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)
Organic Content (percent)

S. 64th B-1 5.5 Steilacoom Gravel outwash 9.1 1.2

S. 64th B-2 8.5 Steilacoom Gravel outwash 9.2 1.3

S. 64th B-3 8.5 Steilacoom Gravel outwash 50.5 4.3
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-32

Summary of Cation Exchange Capacity and 

Organic Content Results

Crandall Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)

Organic Content 

(percent)

Crandall B-1 0.75 Advance Outwash 12.4 1.1

Crandall B-2 5 Weathered Till 18.1 1.7

Crandall B-3 0.75 Advance Outwash 27.3 3.9

Crandall B-4 0.5 Glacial Till 24.2 2.2

Crandall B-5 1 Fill 23.5 2.5

Crandall B-6 0.5 Fill 11.3 1.3

Crandall B-7 0.5 Glacial Till 13.1 1.0

Crandall B-8 0.75 Advance Outwash 12.9 1.3

Crandall B-9 0.75 Advance Outwash 5.93 0.8
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-33

Summary of Cation Exchange Capacity and 

Organic Content Results 

East K Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)

Organic Content 

(percent)

East K B-1 0.5 Fill 30.2 4.3

East K B-2 5 Fill 36.7 5.1

East K B-3 5.5 Glacial Till 14.3 1.3

East K B-4 0.5 Weathered Till 25.6 2.5

East K B-5 1 Weathered Till 24.1 2.9
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-34

Summary of Cation Exchange Capacity and 

Organic Content Results 

East G Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)

Organic Content 

(percent)

East G B-1 0.5 Weathered Till 23.6 2.8

East G B-2 5 Glacial Till 14.8 1.0

East G B-3 1 Weathered Till 21.7 2.2

East G B-4 0.5 Weathered Till 24.5 2.2

East G B-5 0.5 Weathered Till 22.5 2.5

East G B-6 0.5 Weathered Till 20.2 2.5

East G B-7 0.5 Fill 17.3 1.8

East G B-8 0.5 Fill 19.1 1.6

East G B-9 0.25 Fill 27.4 3.0
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-35

Summary of Cation Exchange Capacity and 

Organic Content Results

Idea Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

0570-146-00  Date Exported:  08/03/17

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)

Organic Content 

(percent)

Idea B-1 0.75 Weathered Till 17.2 2.0

Idea B-2 0.5 Weathered Till 26.2 2.2

Idea B-3 5 Weathered Till 9.88 2.2

Idea B-4 2 Weathered Till 27.5 3.1



 

 

APPENDIX C 
 Summary of Sieve Results and  

Calculated Infiltration Rates 



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-1

Summary of Sieve Results and Calculated 
Infiltration Rates

South Tacoma Way (STW) Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat

Calculated1

(in/hr)

Ksat Design2

(in/hr)

STW B-1 1 Steilacoom Gravel outwash 0.14 2.96 24 8 26 6.2

STW B-1 5 Steilacoom Gravel outwash 0.7100 9.64 23 2 550 133.7

STW B-2 1 Steilacoom Gravel outwash 0.11 4.15 23 9 23 5.6

STW B-2 5 Steilacoom Gravel outwash 0.3400 9.91 26 3 95 23.1

STW B-3 1 Steilacoom Gravel outwash 0.02 1.52 12 17 14 3.3
STW B-3 5 Steilacoom Gravel outwash 0.46 1.91 22 2 143 34.7
STW B-4 1 Steilacoom Gravel outwash 0.071 0.68 9.5 12 23 5.5
STW B-4 5 Steilacoom Gravel outwash 0.88 8.9 25 3 1008 244.9
STW B-5 1.5 Steilacoom Gravel outwash 0.073 8.81 21 11 23 5.5
STW B-5 8.5 Steilacoom Gravel outwash 0.23 13.75 33 7 45 10.9
STW B-6 1 Steilacoom Gravel outwash 0.18 0.5 5.4 4 59 14.4
STW B-6 5 Steilacoom Gravel outwash 0.32 0.79 9.4 2 109 26.4
STW B-7 1 Steilacoom Gravel outwash 0.072 1.45 21 11 17 4.2
STW B-7 5.25 Steilacoom Gravel outwash 0.26 0.6 3.2 2 98 23.9
STW B-8 1 Steilacoom Gravel outwash 0.06 14.01 40 11 15 3.6

STW B-8 8.5 Steilacoom Gravel outwash 0.48 14.1 30 3 178 43.3

STW B-9 8.5 Steilacoom Gravel outwash 0.44 7.2 32 2 115 28.0
STW B-10 1 Steilacoom Gravel outwash 0.08 0.99 13 10 24 5.7
STW B-10 1.75 Steilacoom Gravel outwash 0.26 6.65 18 4 71 17.4
STW B-10 5 Steilacoom Gravel outwash 0.44 8.39 34 4 106 25.7

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-2

Summary of Sieve Results and Calculated 
Infiltration Rates

Tacoma Mall Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat Calculated1

(in/hr)
Ksat Design2

(in/hr)

Mall B-1 1
Steilacoom Gravel outwash

0.07 5.25 23 11 18.7 4.5

Mall B-1 8.5 Steilacoom Gravel outwash 0.09 0.41 12 9 26.7 6.5

Mall B-2 1 Steilacoom Gravel outwash 0.28 14.41 30 6 65.0 15.8

Mall B-2 5 Steilacoom Gravel outwash 0.49 11.17 28 5 165.3 40.2

Mall B-3 0.5 Steilacoom Gravel outwash 0.03 6.07 13 18 15.4 3.7

Mall B-3 1.25 Steilacoom Gravel outwash 0.029 1.17 13 23 10.3 2.5

Mall B-4 1.5 Steilacoom Gravel outwash 0.04 0.6 9 14 18.1 4.4

Mall B-4 5 Steilacoom Gravel outwash 0.3 1.06 8.8 2 97.9 23.8

Mall B-5 1 Steilacoom Gravel outwash 0.07 10.65 25 12 20.2 4.9

Mall B-5 5 Steilacoom Gravel outwash 0.043 0.67 6.3 16 18.6 4.5
Mall B-6 0.5 Steilacoom Gravel outwash 0.15 10.71 29 8 30.3 7.4
Mall B-6 5 Steilacoom Gravel outwash 0.31 10.23 26 6 74.0 18.0
Mall B-7 0.5 Steilacoom Gravel outwash 0.22 10.76 23 7 51.8 12.6
Mall B-7 7 Steilacoom Gravel outwash 0.04 0.97 8.8 12 20.1 4.9
Mall B-8 1 fill 0.37 24.14 60 6 55.7 13.5
Mall B-8 5.5 glacial till 0.0033 2.45 16 37 4.4 1.1
Mall B-9 0.5 fill 0.16 20.43 32 7 42.1 10.2
Mall B-9 7 Steilacoom Gravel outwash 0.04 3.82 23 12 14.9 3.6



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-3

Summary of Sieve Results and Calculated 
Infiltration Rates

South 64th Street Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample Depth 

(feet)
Geologic Unit D10 D60 D90 Fines

Ksat Calculated1

(in/hr)
Ksat Design2

(in/hr)

S. 64th B-1 1 Steilacoom Gravel outwash 0.038 0.98 13 15 15.6 3.8

S. 64th B-1 5 Steilacoom Gravel outwash 0.09 3.38 15 9 26.5 6.4

S. 64th B-1 5.5 Steilacoom Gravel outwash 0.28 5.39 17 4 78.0 19.0

S. 64th B-2 1.25 Steilacoom Gravel outwash 0.08 0.41 5 10 29.7 7.2
S. 64th B-2 5 Steilacoom Gravel outwash 0.33 9.67 36 2 68.5 16.6
S. 64th B-3 1 Steilacoom Gravel outwash 0.02 4.01 18 14 14.6 3.6
S. 64th B-3 5 Steilacoom Gravel outwash 0.19 5.05 27 7 33.4 8.1



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-4

Summary of Sieve Results and Calculated 
Infiltration Rates

Crandall Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat

Calculated1

(in/hr)

Ksat
Design2

(in/hr)

Crandall B-1 0.75 Advance outwash 0.431 3.874 13.757 5 153 37.1

Crandall B-2 1 fill 0.176 9.317 30.270 8 31 7.6

Crandall B-2 5 weathered till 0.003 0.133 0.554 48 4 1.0

Crandall B-3 0.75 Advance outwash 0.007 0.364 2.689 30 9 2.1

Crandall B-3 5.75 Advance outwash 0.091 0.658 2.165 9 36 8.7

Crandall B-4 0.5 glacial till 0.004 0.115 0.539 50 3 0.8

Crandall B-4 8.5 Advance outwash 0.284 6.997 24.407 5 64 15.5
Crandall B-5 1 fill 0.003 0.209 5.144 41 5 1.1
Crandall B-5 5 fill 0.001 0.013 0.429 77 1 0.2

Crandall B-6 0.5 fill 0.075 13.474 47.835 11 12 2.9

Crandall B-6 5 Advance outwash 0.046 1.889 14.500 13 18 4.3

Crandall B-7 0.5 glacial till 0.003 0.244 7.125 39 5 1.2

Crandall B-7 5 glacial till 0.003 0.156 0.726 45 4 1.1

Crandall B-8 0.75 Advance outwash 0.464 16.827 55.733 3 86 20.8

Crandall B-8 5 Advance outwash 0.014 0.338 12.683 32 6 1.5

Crandall B-9 0.75 Advance outwash 0.378 2.968 27.082 4 82 19.9

Crandall B-9 8.5 glacial till 0.001 0.070 0.433 61 2 0.5



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-5

Summary of Sieve Results and Calculated 
Infiltration Rates

East K Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat

Calculated1

(in/hr)

Ksat
Design2

(in/hr)

East K B-1 0.5 fill 0.008 3.048 16.125 28 7.0 1.7
East K B-1 5 glacial till 0.006 0.297 25.844 40 2.7 0.65
East K B-2 5 fill 0.005 0.446 8.564 35 5.7 1.4
East K B-2 5.75 weathered till 0.006 1.954 28.486 32 3.8 0.9

East K B-3 0.5 weathered till 0.008 2.448 23.898 32 4.6 1.1

East K B-3 5.5 glacial till 0.007 0.928 24.375 34 3.8 0.9
East K B-4 0.5 weathered till 0.005 0.156 6.735 45 3.8 0.9
East K B-4 5.5 glacial till 0.008 0.499 11.778 36 5.0 1.2
East K B-5 1 weathered till 0.003 0.283 6.567 39 5.1 1.2
East K B-5 5 Advance outwash 0.075 11.927 29.510 11 20.0 4.9



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-6

Summary of Sieve Results and Calculated 
Infiltration Rates

East G Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat

Calculated1

(in/hr)

Ksat
Design2

(in/hr)

East G B-1 0.5 weathered till 0.003 0.114 2.184 52 3.0 0.7

East G B-1 5 glacial till 0.005 0.210 15.065 42 3.3 0.8

East G B-2 0.5 fill 0.008 2.741 25.704 21 7.5 1.8

East G B-2 5 glacial till 0.192 18.873 49.227 7 27.7 6.7

East G B-3 1 weathered till 0.006 0.850 27.483 30 4.1 1.0
East G B-3 5 weathered till 0.003 0.095 0.908 55 2.7 0.66

East G B-4 0.5 weathered till 0.006 0.343 29.634 36 2.9 0.7

East G B-5 0.5 weathered till 0.004 0.224 11.455 39 4.2 1.0

East G B-6 0.5 weathered till 0.004 0.181 6.094 45 3.9 0.9

East G B-6 5 glacial till 0.007 0.540 10.121 33 6.2 1.5

East G B-7 0.5 fill 0.021 3.691 14.966 17 13.8 3.3

East G B-7 5 weathered till 0.003 0.125 8.672 53 2.4 0.58

East G B-8 0.5 fill 0.237 19.054 52.863 7 30.9 7.5

East G B-8 5 glacial till 0.005 1.484 54.575 32 1.7 0.4

East G B-9 0.25 fill 0.041 4.196 24.253 16 11.8 2.9

East G B-9 6.5 glacial till 0.003 0.090 2.825 57 2.3 0.56



Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure C-7

Summary of Sieve Results and Calculated 
Infiltration Rates

Idea Area

City of Tacoma – Permeable Pavement Study
Tacoma, Washington

0570-146-00  Date Exported:  05/16/17

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat

Calculated1

(in/hr)

Ksat
Design2

(in/hr)

Idea B-1 0.75 weathered till 0.007 0.500 53.308 31 2 0.4
Idea B-1 5 glacial till 0.009 0.351 25.839 35 4 0.86
Idea B-2 0.5 weathered till 0.003 0.157 2.238 46 4 1.0

Idea B-2 5 glacial till 0.015 6.535 60.859 23 3 0.7

Idea B-3 0.75 weathered till 0.002 0.128 8.176 53 2 0.6
Idea B-4 2 weathered till 0.001 0.112 2.452 54 3 0.7
Idea B-4 5 glacial till 0.001 0.120 23.330 53 2 0.36



 

 

APPENDIX D 
Report Limitations and Guidelines for Use 

 



 

  October 16, 2017 | Page D-1 
 File No. 0570-146-00 

APPENDIX D 
REPORT LIMITATIONS AND GUIDELINES FOR USE1  

This appendix provides information to help you manage your risks with respect to the use of this report.  

Read These Provisions Closely 

It is important to recognize that the geoscience practices (geotechnical engineering, geology and 
environmental science) rely on professional judgment and opinion to a greater extent than other 
engineering and natural science disciplines, where more precise and/or readily observable data may exist. 
To help clients better understand how this difference pertains to our services, GeoEngineers includes the 
following explanatory “limitations” provisions in its reports. Please confer with GeoEngineers if you need to 
know more how these “Report Limitations and Guidelines for Use” apply to your project or site. 

Geotechnical Services are Performed for Specific Purposes, Persons and Projects 

This report has been prepared for City of Tacoma and for the Project(s) specifically identified in the report. 
The information contained herein is not applicable to other sites or projects. 

GeoEngineers structures its services to meet the specific needs of its clients. No party other than the party 
to whom this report is addressed may rely on the product of our services unless we agree to such reliance 
in advance and in writing. Within the limitations of the agreed scope of services for the Project, and its 
schedule and budget, our services have been executed in accordance with our Professional Services 
Contract between GeoEngineers and the City of Tacoma dated March 1, 2016 and amended on December 
16, 2016 (Amendment 1) and January 25, 2017 (Amendment 2) and generally accepted geotechnical 
practices in this area at the time this report was prepared. We do not authorize, and will not be responsible 
for, the use of this report for any purposes or projects other than those identified in the report. 

A Geotechnical Engineering or Geologic Report is based on a Unique Set of Project-Specific 
Factors 

This report has been prepared for the City of Tacoma – Permeable Pavement Study in various areas of 
Tacoma, Washington. GeoEngineers considered a number of unique, project-specific factors when 
establishing the scope of services for this project and report. Unless GeoEngineers specifically indicates 
otherwise, it is important not to rely on this report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site explored, or 

■ completed before important project changes were made. 

For example, changes that can affect the applicability of this report include those that affect: 

■ the function of the proposed structure; 

                                                            

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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■ elevation, configuration, location, orientation or weight of the proposed structure;  

■ composition of the design team; or 

■ project ownership. 

If changes occur after the date of this report, GeoEngineers cannot be responsible for any consequences 
of such changes in relation to this report unless we have been given the opportunity to review our 
interpretations and recommendations. Based on that review, we can provide written modifications or 
confirmation, as appropriate. 

Environmental Concerns are Not Covered 

Unless environmental services were specifically included in our scope of services, this report does not 
provide any environmental findings, conclusions, or recommendations, including but not limited to, the 
likelihood of encountering underground storage tanks or regulated contaminants. 

Information Provided by Others 

GeoEngineers has relied upon certain data or information provided or compiled by others in the 
performance of our services. Although we use sources that we reasonably believe to be trustworthy, 
GeoEngineers cannot warrant or guarantee the accuracy or completeness of information provided or 
compiled by others.  

Subsurface Conditions Can Change 

This geotechnical or geologic report is based on conditions that existed at the time the study was performed. 
The findings and conclusions of this report may be affected by the passage of time, by man-made events 
such as construction on or adjacent to the site, new information or technology that becomes available 
subsequent to the report date, or by natural events such as floods, earthquakes, slope instability or 
groundwater fluctuations. If more than a few months have passed since issuance of our report or work 
product, or if any of the described events may have occurred, please contact GeoEngineers before applying 
this report for its intended purpose so that we may evaluate whether changed conditions affect the 
continued reliability or applicability of our conclusions and recommendations. 

Information Provided by Others 

GeoEngineers has relied upon certain data or information provided or compiled by others in the 
performance of our services. Although we use sources that we reasonably believe to be trustworthy, 
GeoEngineers cannot warrant or guarantee the accuracy or completeness of information provided or 
compiled by others.  

Geotechnical and Geologic Findings are Professional Opinions 

Our interpretations of subsurface conditions are based on field observations from widely spaced sampling 
locations at the site. Site exploration identifies the specific subsurface conditions only at those points where 
subsurface tests are conducted or samples are taken. GeoEngineers reviewed field and laboratory data 
and then applied its professional judgment to render an informed opinion about subsurface conditions at 
other locations. Actual subsurface conditions may differ, sometimes significantly, from the opinions 
presented in this report. Our report, conclusions and interpretations are not a warranty of the actual 
subsurface conditions.  
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Geotechnical Engineering Report Recommendations are Not Final 

We have developed the following recommendations based on data gathered from subsurface 
investigation(s). These investigations sample just a small percentage of a site to create a snapshot of the 
subsurface conditions elsewhere on the site. Such sampling on its own cannot provide a complete and 
accurate view of subsurface conditions for the entire site. Therefore, the recommendations included in this 
report are preliminary and should not be considered final. GeoEngineers’ recommendations can be 
finalized only by observing actual subsurface conditions revealed during construction. GeoEngineers 
cannot assume responsibility or liability for the recommendations in this report if we do not perform 
construction observation. 

We recommend that you allow sufficient monitoring, testing and consultation during construction by 
GeoEngineers to confirm that the conditions encountered are consistent with those indicated by the 
explorations, to provide recommendations for design changes if the conditions revealed during the work 
differ from those anticipated, and to evaluate whether earthwork activities are completed in accordance 
with our recommendations. Retaining GeoEngineers for construction observation for this project is the most 
effective means of managing the risks associated with unanticipated conditions. If another party performs 
field observation and confirms our expectations, the other party must take full responsibility for both the 
observations and recommendations. Please note, however, that another party would lack our project-
specific knowledge and resources. 

A Geotechnical Engineering or Geologic Report Could Be Subject to Misinterpretation 

Misinterpretation of this report by members of the design team or by contractors can result in costly 
problems. GeoEngineers can help reduce the risks of misinterpretation by conferring with appropriate 
members of the design team after submitting the report, reviewing pertinent elements of the design team’s 
plans and specifications, participating in pre-bid and preconstruction conferences, and providing 
construction observation.  

Do Not Redraw the Exploration Logs 

Geotechnical engineers and geologists prepare final boring and testing logs based upon their interpretation 
of field logs and laboratory data. The logs included in a geotechnical engineering or geologic report should 
never be redrawn for inclusion in architectural or other design drawings. Photographic or electronic 
reproduction is acceptable, but separating logs from the report can create a risk of misinterpretation. 

Give Contractors a Complete Report and Guidance 

To help reduce the risk of problems associated with unanticipated subsurface conditions, GeoEngineers 
recommends giving contractors the complete geotechnical engineering or geologic report, including these 
“Report Limitations and Guidelines for Use.” When providing the report, you should preface it with a clearly 
written letter of transmittal that: 

■ advises contractors that the report was not prepared for purposes of bid development and that its 
accuracy is limited; and 

■ encourages contractors to confer with GeoEngineers and/or to conduct additional study to obtain the 
specific types of information they need or prefer.  
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Contractors are Responsible for Site Safety on Their Own Construction Projects 

Our geotechnical recommendations are not intended to direct the contractor’s procedures, methods, 
schedule or management of the work site. The contractor is solely responsible for job site safety and for 
managing construction operations to minimize risks to on-site personnel and adjacent properties. 

Biological Pollutants 

GeoEngineers’ Scope of Work specifically excludes the investigation, detection, prevention or assessment 
of the presence of Biological Pollutants. Accordingly, this report does not include any interpretations, 
recommendations, findings or conclusions regarding the detecting, assessing, preventing or abating of 
Biological Pollutants, and no conclusions or inferences should be drawn regarding Biological Pollutants as 
they may relate to this project. The term “Biological Pollutants” includes, but is not limited to, molds, fungi, 
spores, bacteria and viruses, and/or any of their byproducts. 

A Client that desires these specialized services is advised to obtain them from a consultant who offers 
services in this specialized field. 

 



 

1101 South Fawcett Avenue, Suite 200 
Tacoma, Washington 98402 

253.383.4940 
 
 
 

 

December 2, 2020 

City of Tacoma 
Environmental Services Department 
326 East D Street 
Tacoma, Washington 98421 

Attention: Amy Anderson, PE 

Subject: Revised Report Addendum Number 2 
City of Tacoma Permeable Pavement Study  
South 45th Street and Puget Sound Avenue Area 
Tacoma, Washington 
File No. 0570-146-01 

INTRODUCTION 

This addendum presents additional design and construction recommendations for the proposed permeable 
pavement project located near the intersection of South 45th Street and Puget Sound Avenue in Tacoma, 
Washington. This is an addendum to our Geotechnical Engineering Services Report titled “City of Tacoma 
– Permeable Pavement Study” dated October 16, 2017 (2017 Report). In our 2017 Report subsurface 
explorations were advanced in the project vicinity (referred to as the “Tacoma Mall Area” in our 2017 
Report) to characterize soil and groundwater conditions and to develop preliminary infiltration rates for 
evaluating feasibility of permeable pavements. We understand that the City of Tacoma is currently planning 
to install permeable pavements on the streets identified on the Site Plan, Figure 1, and has requested that 
a final infiltration rate for design of the permeable pavements in these areas be developed. Permeable 
pavements will be designed in accordance with the 2016 City of Tacoma Stormwater Management Manual 
(SWMM) 

Our additional services are provided in accordance with our signed agreement dated November 10, 2020. 
Information in this addendum does not apply to the other study areas considered in our 2017 Report. 
Report Addendum Number 1 dated June 1, 2018 was prepared for a different study area evaluated in our 
2017 Report. The results of Addendum Number 1 do not apply to the area addressed in this Report 
Addendum. 
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SUBSURFACE CONDITIONS 

The locations of the subsurface explorations completed in the project area as part of our 2017 Report are 
shown on Figure 1. The summary exploration logs and laboratory data, which includes sieve analyses, 
organic content tests and cation exchange capacity tests are provided as Appendix A. A detailed summary 
of our subsurface exploration and laboratory testing program is provided in our 2017 Report. 

Based on review of our prior explorations, the project site relative to this study is underlain by Steilacoom 
gravel outwash soils, which are typically present starting at the ground surface or below a relatively thin 
layer of fill or reworked native soil. Steilacoom gravel is a recessional outwash deposit and, in our 
explorations, typically consisted sand and gravel with variable silt content. Cobbles and boulders can also 
be present within Steilacoom gravel deposits. Steilacoom gravel soils are characterized as an NRCS 
Hydraulic Group A soil. 

Groundwater was not observed in our explorations at the time of drilling. Based on our review of the 
Hydrogeologic Framework, Groundwater Movement, and Water Budget in the Chambers-Clover Creek 
Watershed and Vicinity Report (U.S. Geological Survey Report 2012-5055) and our experience in the area, 
static groundwater depths at the site are expected to be more than about 25 feet below existing site grades. 

DESIGN INFILTRATION RATE 

According to the SWMM the design infiltration rate of soils can be determined using the Soil Grain Size 
Method provided the soils are unconsolidated by glacial advance. The Steilacoom gravel soil at the site 
meet this criterion and in our opinion the Soil Grain Size Method is suitable for establishing the design 
infiltration rate. 

Figure 2 provides a summary of the calculated (unfactored) and long-term design (factored) infiltration rates 
for soil samples collected in the project area based on the Soil Grain Site Method. The factored infiltration 
rates include the correction factors recommended in the SWMM for permeable pavements.  

We anticipate that the base of the permeable pavement section will extend into Steilacoom gravel soils, 
which are expected to be present starting at or within about 18 inches of existing ground surface. We 
recommend that the factored infiltration rate associated with the Steilacoom gravel soils be used for design 
of the permeable pavement section. Based on our calculations using the Soil Grain Size Method, we 
recommend that a long-term design infiltration rate of 2.5 inches per hour be used to design the permeable 
pavement section.  

ADDITIONAL CONSIDERATIONS 

The SWMM indicates that if existing site soils will be relied upon for water quality treatment, they must have 
a calculated (initial/unfactored) infiltration rate of less than 9 inches per hour. Based on our calculations 
using the Soil Grain Size Method, the Steilacoom gravel soils at the site have a calculated (unfactored) 
infiltration rate higher than 9 inches per hour. Accordingly, a water quality treatment layer should be 
included in the permeable pavement section.  
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Groundwater was not observed in our explorations at the site and based on our experience is not expected 
to be within 25 feet of the ground surface. In our opinion the minimum groundwater separation distance 
between the seasonal high groundwater level and the base of the permeable pavement section, which is 
expected to be within a few feet of existing grades, can be maintained at this site. 

The recommended design infiltration rate is based on correlations to soil grain size from soil samples 
collected at specific locations and depths around the project site. Based on the conditions observed in our 
explorations and our experience, relatively uniform soil conditions are anticipated at this site and in our 
opinion additional subsurface explorations are not needed to verify the provided design infiltration rates. 
However, we recommend that we be retained during construction to observe soil conditions at the design 
pavement subgrade elevation to confirm that that the soils present are as anticipated for the proposed 
design. 

LIMITATIONS 

We have prepared this addendum for the City of Tacoma for the South 45th Street and Puget Sound Avenue 
Permeable Pavement Area in Tacoma, Washington. The City of Tacoma may distribute copies of this 
addendum to owner’s authorized agents and regulatory agencies as may be required for the project. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted practices for geotechnical engineering services in this area at the time this addendum 
was prepared. The conclusions, recommendations, and opinions presented in this addendum are based 
on our professional knowledge, judgment and experience. No warranty, express or implied, applies to the 
services or this addendum. Except as modified herein, the conclusions, recommendations and limitations 
(Appendix D) presented in our Geotechnical Engineering Services Report dated October 16, 2017 also apply 
to this addendum.  

Respectfully Submitted,  
GeoEngineers, Inc. 

 

Brett E. Larabee, PE 
Senior Geotechnical Engineer 

 

Dennis (D.J.) Thompson, PE 
Associate   12/2/2020 

BEL:DJT:tt 

Attachments: 
Figure 1. Site Plan 
Figure 2. Summary of Sieve Results and Calculated Infiltration Rates  
Appendix A: Subsurface Exploration Logs and Laboratory Testing Results 

1 copy submitted electronically 

Disclaimer: Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if provided, and any attachments are only a copy 
of the original document. The original document is stored by GeoEngineers, Inc. and will serve as the official document of record. 



Figure 1

Site Plan

City of Tacoma Permeable Pavement Study
S. 45th Street and Puget Sound Ave. Area

Tacoma, Washington
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing 
features discussed in an attached document. GeoEngineers, Inc. cannot guarantee 
the accuracy and content of electronic files. The master file is stored by 
GeoEngineers, Inc. and will serve as the official record of this communication.
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Notes:
1. Based on City of Tacoma Grain Size Analysis Method.
2. Includes Correction Factors as Listed.

Figure 2

Summary of Sieve Results and Calculated 
Infiltration Rates

City of Tacoma – Permeable Pavement Study
S. 45th Street and Puget Sound Ave. Area

Tacoma, Washington

0570-146-01  Date Exported:  11/20/20

Correction Factors

Site Variability (CFV) 0.6

Test Method (CFT) 0.45

Quality of Pavement Aggregate Base Material (CFM) 0.9

Exploration
Sample 
Depth 
(feet)

Geologic Unit D10 D60 D90 Fines
Ksat Calculated1

(in/hr)
Ksat Design2

(in/hr)

Mall B-1 1
Steilacoom Gravel outwash

0.07 5.25 23 11 18.7 4.5

Mall B-1 8.5 Steilacoom Gravel outwash 0.09 0.41 12 9 26.7 6.5

Mall B-2 1 Steilacoom Gravel outwash 0.28 14.41 30 6 65.0 15.8

Mall B-2 5 Steilacoom Gravel outwash 0.49 11.17 28 5 165.3 40.2

Mall B-3 0.5 Steilacoom Gravel outwash 0.03 6.07 13 18 15.4 3.7

Mall B-3 1.25 Steilacoom Gravel outwash 0.029 1.17 13 23 10.3 2.5

Mall B-4 1.5 Steilacoom Gravel outwash 0.04 0.6 9 14 18.1 4.4

Mall B-4 5 Steilacoom Gravel outwash 0.3 1.06 8.8 2 97.9 23.8

Mall B-5 1 Steilacoom Gravel outwash 0.07 10.65 25 12 20.2 4.9

Mall B-5 5 Steilacoom Gravel outwash 0.043 0.67 6.3 16 18.6 4.5
Mall B-6 0.5 Steilacoom Gravel outwash 0.15 10.71 29 8 30.3 7.4
Mall B-6 5 Steilacoom Gravel outwash 0.31 10.23 26 6 74.0 18.0
Mall B-7 0.5 Steilacoom Gravel outwash 0.22 10.76 23 7 51.8 12.6
Mall B-7 7 Steilacoom Gravel outwash 0.04 0.97 8.8 12 20.1 4.9
Mall B-8 1 fill 0.37 24.14 60 6 55.7 13.5
Mall B-8 5.5 glacial till 0.0033 2.45 16 37 4.4 1.1
Mall B-9 0.5 fill 0.16 20.43 32 7 42.1 10.2
Mall B-9 7 Steilacoom Gravel outwash 0.04 3.82 23 12 14.9 3.6
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3
SA; CEC; OC
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5

17

13

45

17

Approximately 3 inches asphalt concrete
pavement

Approximately 3 inches crushed rock
Dark brown/black fine to coarse sand with silt

and gravel, trace organic matter (fine roots
and wood debris) (loose, moist)
(Steilacoom gravel outwash)

Grades to medium dense
Two rocks approximately 3 inches in diameter

in sampler
Light brown and gray fine to coarse sand with

silt and occasional gravel (medium dense,
moist)

Grades to loose

AC

GP

SP-SM

SP-SM

CEC = Cation Exchange Capacity

11

9

8

8

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

283
NAVD88

47.218551
-122.483405

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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Tacoma, Washington
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1
SA

2
SA

3
CEC; OC

4

16

10

0

50/5"

12

50/6"

Approximately 1 inch asphalt concrete
pavement

Dark brown fine to coarse gravel with silt and
sand (very dense, moist) (Steilacoom
gravel outwash)

Brown fine to coarse gravel with sand, trace silt
(loose, moist)

Grades to very dense

AC

GW-GM

GW

CEC = Cation Exchange Capacity

6

5

3

4

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

309
NAVD88

47.216753
-122.480044

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA; HA

3
CEC; OC

4

5

17

16

17

10

34

30

Dark brown silty fine to coarse gravel with
sand, trace organic matter (fine roots) (very
loose, moist) (Steilacoom gravel outwash)

Brown and occasional orange silty fine to
coarse sand with gravel (very loose, moist)

Gray with orange silty fine to medium sand with
gravel, trace organic matter (fine roots)
(medium dense, moist)

Gray and brown fine to medium sand with silt
(medium dense, moist)

GM

SM

SM

SP-SM

CEC = Cation Exchange Capacity

18

23

12

14

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

309
NAVD88

47.214533
-122.480678

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1

2
HA

3
SA

4
CEC; OC

16

16

18

8

24

55

Approximately 3 inches sod
Brown silty fine to medium sand with

occasional gravel, trace organic matter (fine
roots) (very loose, moist) (planter fill)

Dark brown with occasional orange fine to
medium sand with silt and gravel, trace
organic matter (fine roots) (very loose,
moist) (Steilacoom gravel outwash)

Light brown orange and gray fine to coarse
sand with gravel, trace silt (medium dense,
moist)

SOD

SM

SP-SM

SP Drill chatter at approximately 3 feet

CEC = Cation Exchange Capacity
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Total
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Hammer
Data

System
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Start End
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Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

278
NAVD88

47.214658
-122.483722

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
SA; HA

3
CEC; OC

16

5

12

19

11

31

Approximately 3 inches sod
Dark brown/black fine to coarse gravel with silt

and sand, trace organic matter (fine roots)
(medium dense, moist) (Steilacoom gravel
outwash)

Reddish brown silty fine to medium sand,
occasional gravel, trace organic matter (fine
roots) (medium dense, moist)

Gray and brown fine to coarse sand with silt
and gravel (medium dense, moist)

SOD

GP-GM

SM

SP-SM

CEC = Cation Exchange Capacity

12

16

7

13

Total
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Data

System
Datum

Start End
Checked By
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EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/27/20164/27/2016

322
NAVD88

47.218627
-122.476716

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2
SA

3
CEC; OC

4

12

13

0

60/5"

24

27

Approximately 1 inch asphalt concrete
pavement

Dark brown fine to coarse gravel with silt and
sand (very dense, moist) (Steilacoom
gravel outwash)

Brown fine to coarse gravel with silt and sand
(loose, moist)

Grades to medium dense

AC

GW-GM

GP-GM

Broken rock in sampler

CEC = Cation Exchange Capacity
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Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

310
NAVD88

47.216759
-122.478726

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2

3
SA

4
CEC; OC

8

0

18

18

18

17

22

17

Brown silty fine to coarse gravel with silt and
sand (loose, moist) (Steilacoom gravel
outwash)

Light brown and orange silty fine to medium
sand with gravel (loose, moist)

Light brown and orange sandy silt (stiff, moist)
(glacial till)

GW-GM

SM

ML

CEC = Cation Exchange Capacity
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Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

310
NAVD88

47.216837
-122.474606

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA

2

3
SA; HA

4
CEC; OC

12

0

18

13

50/4"

63

Brown silty fine to coarse gravel with silt and
sand, trace organic matter (fine roots),
trace debris (glass fragments) (loose,
moist) (fill)

Gray silty fine to coarse gravel with sand (very
dense, moist) (glacial till)

Brown and orange silty fine to coarse sand with
gravel (medium dense, moist)

GW-GM

GM

SM

CEC = Cation Exchange Capacity

6

37

4

10

Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/29/20164/29/2016

297
NAVD88

47.220803
-122.482037

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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1
SA; HA

2
CEC; OC

3

4

5
SA

6

9

0

18

18

38

77

69

68

Dark brown/black fine to coarse gravel with silt
and sand, trace organic matter (fine roots)
(medium dense, moist) (fill)

Light brown and orange fine to coarse sand
with silt and gravel (medium dense, moist)
(Steilacoom gravel outwash)

Brown and orange fine to coarse gravel with silt
and sand (dense, moist)

Light brown fine to coarse sand with silt and
gravel (medium dense, moist)

GP-GM

SP-SM

GP-GM

SP-SM

CEC = Cation Exchange Capacity

Increased gravel in cuttings at 4 feet
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Total
Depth (ft)

Hammer
Data

System
Datum

Start End
Checked By
Logged By

EWHDrilled

Notes:

SST

Surface Elevation (ft)
Vertical Datum

Driller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

Latitude
Longitude

Diedrich D-120 Truck Mounted

Holocene Drilling, Inc. Drilling
Method

Hollow Stem Auger10

4.25 ID CFA

Autohammer
140 (lbs) / 30 (in) Drop

Drilling
Equipment

4/28/20164/28/2016

287
NAVD88

47.216946
-122.483403

Geographic
WGS84

Not Observed

Note: See Figure A-1 for explanation of symbols.
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-1

Tacoma Mall B-1

1
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

Poorly graded sand with silt and gravel (SP-SM)

Poorly graded sand with silt (SP-SM)
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-2

Tacoma Mall B-2

Tacoma Mall B-3

Tacoma Mall B-3

1

5

0.5

1.25

Well graded gravel with silt and sand (GW-GM)

Well graded gravel with sand (GW)

Silty gravel with sand (GM)

Silty sand with gravel (SM)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-4

Tacoma Mall B-4

1.5

5

Silty sand with gravel (SM) (Hydro only)

Poorly graded sand with gravel (SP)

Symbol

Moisture

(%)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200
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GRAIN SIZE IN MILLIMETERS

U.S. STANDARD SIEVE SIZE

SAND
SILT OR CLAYCOBBLES

GRAVEL

COARSE MEDIUM FINECOARSE FINE

Boring Number

Depth

(feet) USCS Soil Description

Tacoma Mall B-5

Tacoma Mall B-5

Tacoma Mall B-6

Tacoma Mall B-6
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

Poorly graded gravel with silt and sand (GP-GM)

Silty sand (SM)

Well graded gravel with silt and sand (GW-GM)

Poorly graded gravel with silt and sand (GP-GM)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

Well graded gravel with silt and sand (GW-GM)

Silty sand with gravel (SM)
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Note: This report may not be reproduced, except in full, without written approval of GeoEngineers, Inc. Test results are applicable only to the specific sample on which they were

performed, and should not be interpreted as representative of any other samples obtained at other times, depths or locations, or generated by separate operations or processes.

The grain size analysis results were obtained in general accordance with ASTM D 6913.

#200

Well graded gravel with silt and sand (GW-GM)

Silty gravel with sand (GM)

Poorly graded gravel with silt and sand (GP-GM)

Poorly graded sand with silt and gravel (SP-SM)
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Data Source: City of Tacoma Environmental Services Laboratory

Figure B-30

Summary of Cation Exchange Capacity and 

Organic Content Results

Tacoma Mall Area

City of Tacoma – Permeable Pavement Study

Tacoma, Washington

Exploration
Sample Depth 

(feet)
Geologic Unit

Cation Exchange Capacity 

(meq/100g)
Organic Content (percent)

Mall B-1 8.5 Steilacoom Gravel outwash 9.7 1.6

Mall B-2 8 Steilacoom Gravel outwash 20.3 1.3

Mall B-3 5 Steilacoom Gravel outwash 8.0 1.2

Mall B-4 8.5 Steilacoom Gravel outwash 6.1 1.2

Mall B-5 8.5 Steilacoom Gravel outwash 4.2 0.8

Mall B-6 8 Steilacoom Gravel outwash 13.7 1.3

Mall B-7 8.5 Steilacoom Gravel outwash 12.3 1.5

Mall B-8 8.5 Steilacoom Gravel outwash 19.1 1.4

Mall B-9 1.5 Steilacoom Gravel outwash 16.5 1.8
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