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This document is provided to address necessary elements of the Environmental Assessment concerning noise 
for the construction of the new Tumwater Readiness Center.  This report is completed to satisfy the 
requirements of 23 CFR 772 to be included with other relevant information associated to the project.    

Sound is technically described in terms of amplitude (loudness) and frequency (pitch).  The standard unit of 

sound amplitude measurement is the decibel (dB).  The decibel scale is a logarithmic scale that describes the 

physical intensity of the pressure vibrations that make up any sound.  The pitch of the sound is related to the 

frequency of the pressure vibration.  Since the human ear is not equally sensitive to a given sound level at all 

frequencies, a special frequency-dependent rating scale has been devised to relate noise to human sensitivity.  

The A-weighted decibel scale (dBA) provides this compensation by discriminating against frequencies in a 

manner approximating the sensitivity of the human ear. 

Noise, on the other hand, is typically defined as unwanted sound.  A typical noise environment consists of a 

base of steady “background” noise that is the sum of many distant and indistinguishable noise sources.  

Superimposed on this background noise is the sound from individual local sources.  These can vary from an 

occasional aircraft or train passing by to virtually continuous noise from, for example, traffic on a major 

highway. 

Several rating scales have been developed to analyze the adverse effect of community noise on people.  Since 

environmental noise fluctuates over time, these scales consider that the effect of noise upon people is largely 

dependent upon the total acoustical energy content of the noise, as well as the time of day when the noise occurs.  

Those that are applicable to this analysis are as follows: 

 Leq – An Leq, or equivalent energy noise level, is the average acoustic energy content of noise for a stated 

period of time.  Thus, the Leq of a time-varying noise and that of a steady noise are the same if they deliver 

the same acoustic energy to the ear during exposure.  For evaluating community impacts, this rating scale 

does not vary, regardless of whether the noise occurs during the day or the night. 

 Equivalent Sound Level (Leq) – The equivalent steady state sound level which in a stated period of time 

would contain the same acoustical energy.  For the duration of time within this report 1-hour was the 

given period of time. 

 Lmax – The maximum instantaneous noise level experienced during a given period of time.  For the 

duration of time within this report 1-hour was the given period of time. 

 Day-Night Level (DNL) – The energy average of the A-weighted sound levels occurring during a 24-hour 

period, with 10 dB added to the A-weighted sound levels occurring during the period from 10:00 PM to 

7:00 AM to account for the increased sensitivity of some individuals to noise levels during nighttime 

hours.  

 Noise environments and consequences of human activities are usually well represented by median noise 

levels during the day, night, or over a 24-hour period.  For residential uses, environmental noise levels are 

generally considered low when the DNL is below 60 dBA, moderate in the 60–70 dBA range, and high above 

70 dBA.  Noise levels greater than 85 dBA can cause temporary or permanent hearing loss.  Examples of low 

daytime levels are isolated, natural settings with noise levels as low as 20 dBA and quiet suburban residential 

streets with noise levels around 40 dBA.  Noise levels above 45 dBA at night can disrupt sleep.  Examples of 

moderate level noise environments are urban residential or semi-commercial areas (typically 55–60 dBA) and 

commercial locations (typically 60 dBA).  People may consider louder environments adverse, but most will 
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accept the higher levels associated with more noisy urban residential or residential-commercial areas (60–75 

dBA) or dense urban or industrial areas (65–80 dBA). 

 Noise levels from a particular source generally decline as distance to the receptor increases.  Other factors, such 

as the weather and reflecting or barriers, also help intensify or reduce the noise level at any given location.  A 

commonly used rule of thumb for roadway noise is that for every doubling of distance from the source, the 

noise level is reduced by about 3 dBA at acoustically “hard” locations (i.e., the area between the noise source 

and the receptor is nearly complete asphalt, concrete, hard-packed soil, or other solid materials) and 4.5 dBA at 

acoustically “soft” locations (i.e., the area between the source and receptor is normal earth or has vegetation, 

including grass).  Noise from stationary or point sources is reduced by about 6 to 7.5 dBA for every doubling of 

distance at acoustically hard and soft locations, respectively.  Noise levels are also generally reduced by 1 dBA 

for each 1,000 feet of distance due to air absorption.  Noise levels may also be reduced by intervening barriers 

designed to control noise.  Based on their height, distance to the source, and distance to the receiver, as much as 

18 dB(A) can be reduced from a particular source. 

Impact Criteria 

The Federal Transit Administration established impact criteria with “Transit Noise and Vibration Impact 

Assessment Guide”, FTA-VA-90-1003-06. May 2006.  This guide establishes activity categories for land usage 

with applicable maximum noise levels for development without mitigation.  These levels are provided in Table 

1. 

Table 1.  GHWA Noise Abatement Criteria 

Activity Category Hourly A-weighted 

Sound Level 

Description of Activity Category 

A 57 Exterior Lands on which serenity and quiet are of 

extraordinary significance and serve an important 

public need and where the preservation of those 

qualities is essential if the area is to continue to serve 

its intended purposes. 

B 67 Exterior Picnic areas, recreation areas, playgrounds, active 

sports areas, parks, residences, motels, hotels, 

schools, churches, libraries, and hospitals. 

C 72 Exterior Developed lands, properties, or activities not 

included in Categories A or B above. 

D ---------- Undeveloped lands. 

E 52 Interior Residences, motels, hotels, public meeting rooms, 

schools, churches, libraries, hospitals, and 

auditoriums. 
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Existing Noise Conditions: 

In accordance with Washington Administrative Code 173-60, screening criteria, field measurements involving 

the use of noise meters at the site, was used to evaluate the ambient environmental noise.   The site is located 

along Kimmie Street due west of the Olympia Regional Airport within Thurston County.  It is bounded by 

Frontage Road to the north, Kimmie Street and a number of residential properties to the east, undeveloped land 

to the south, and Interstate 5 to the west.  Noise to the site is dominated by traffic along Interstate 5 and to a 

lesser extent local traffic along Kimmie Street and aircraft from Olympia Reginal Airport.  Sound level 

measurements were made to document the ambient noise levels at the site by monitoring conditions from a 

location setback to parcel 51850001200 from Kimmie Street shown in the map below.  This location represented 

an average of the noise levels from both the east and west sources of the property.   Aircraft exposure to the site 

was secondary to traffic noise generated by Interstate 5.   

 

The results of these measurements are shown in Graphs 1, 2 and 3 below.  The period selected was from 

Thursday, October 15th through Sunday, October 18.  This period represents the most active portion of the week 

for a readiness center conducting training and drills around weekends.   
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Graph 1:  Hourly Leq values for weekday site noise. 

Graph 1 shows the hourly Leq values that were recorded between noon October 15, 2015 and 10 am October 16, 

2015. The hourly sound levels at the site are driven primarily by the traffic along Interstate 5.  Noise levels on 

an hourly average do not exceed 65 dB(A) on a typical weekday.  The Leq hourly averages were between 53.8 

dB(A) and 64.7 dB(A).  The DNL or Ldn, is a descriptor to evaluate noise to sensitive occupancies for auto, rail, 

and aircraft noise.  Established by the Federal government, it provides a single value based on a 24-hour period 

and a correction for nighttime sleeping periods.  The purple dot in the upper right of the graph provides this 

value and can be compared to the tables presented earlier in this report. 

 

Graph 2:  Hourly Leq values for noise on Saturday. 
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Graph 2 shows the hourly Leq values that were recorded between noon October 16, 2015 and 10 am October 17, 

2015. The hourly sound levels at the site are driven primarily by the traffic along Interstate 5.  Noise levels on 

an hourly average do not exceed 65 dB(A) on a typical Saturday.  The Leq hourly averages were between 49.2 

dB(A) and 61.1 dB(A). 

 

Graph 3: Hourly Leq values for noise on Sunday. 

Graph 3 shows the hourly Leq values that were recorded between noon October 17, 2015 and 10 am October 18, 

2015. The hourly sound levels at the site are driven primarily by the traffic along Interstate 5.  Noise levels on 

an hourly average do not exceed 65 dB(A) on a typical Saturday.  The Leq hourly averages were between 51.1 

dB(A) and 59.0 dB(A). 

Environmental Assessment of Noise Impact: 

Based on field measurements taken at the site, the use of this property for a readiness center is well within the 

guidelines for land use category B which limits exterior noise to 67 dBA.  Standard construction practices for 

building envelope can be utilized to achieve acceptable interior noise environments. 

Construction Noise: 

Construction noise is limited at the site by standards set forth in the Thurston County Municipal Code, Chapter 

10.36.040 providing an exemption for sounds created by temporary construction sites as a result of construction 

activities between 7:00 A.M. and 10:00 P.M. 

45
47
49
51
53
55
57
59
61

S
o

u
n

d
 L

e
v
e
l,
 d

B
A

Hour Begining Time

Leq, dBA DNL, dBA

Existing Noise Levels
Tumwater Readiness Center

Saturday, 10/17/2015 - Sunday 10/18/2015



 

  Tumwater Readiness Center Project 

  Noise Study 

6 

Operational Noise 

Stationary Noise Sources 

New stationary sources of noise, such as rooftop mechanical HVAC equipment would be installed at the 

proposed Readiness Center at the project site.  The design of this equipment would be required to comply with 

Washington Administrative Code 173-60-040 Maximum Permissible Environmental Noise Levels, which 

prohibits noise from air conditioning, refrigeration, heating, pumping, and filtering equipment from exceeding 

the levels established by the level acceptable to the site usage EDNA A, Residential Zone, EDNA B Commercial 

Zone, and EDNA C Industrial Zone.   These limits are set forth in the following table: 

    

EDNA OF 

NOISE SOURCE 

EDNA OF 

RECEIVING PROPERTY 

  Class A Class B Class C 

CLASS A 55 dBA 57 dBA 60 dBA 

CLASS B 57 60 65 

CLASS C 60 65 70 

 

In addition, between the hours of 10:00 p.m. and 7:00 a.m. the noise limitations of the foregoing table shall be 

reduced by 10 dBA for receiving property within Class A EDNAs.  At any hour of the day or night the 

applicable noise limitations above may be exceeded for any receiving property by no more than: 

(i) 5 dBA for a total of 15 minutes in any one-hour period; or 

(ii) 10 dBA for a total of 5 minutes in any one-hour period; or 

(iii) 15 dBA for a total of 1.5 minutes in any one-hour period. 

 

Based on the planned setback of the structure from George Bush Middle School and the residential receivers to 

the east of the site along Kimmie St SW, no impact from HVAC equipment on the site is anticipated.    

  

Further Study Required:  

No further analysis is required regarding noise. 

 

 



Washington Army National Guard                                                                  Environmental Assessment for Tumwater Readiness Center 
Tumwater, Thurston County, WA Appendix D 2008 Soils Report for Drainage and 2017 Infiltration Tests  

 

  

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D-1 

SOILS REPORT FOR STORM DRAINAGE PURPOSES, KIMMIE STREET INDUSTRIAL PARK, 

PARNELL ENGINEERING, 2008 
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APPENDIX D-2 

INFILTRATION REPORT FOR THE NORTH SECTION OF THE TRC FACILITY SITE, 

HARTCROWSER, 2017 
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 3131 Elliott Avenue, Suite 600 

Seattle, Washington 98121 

Tel 206.324.9530 

 

MEMORANDUM 
 

DATE:    February 10, 2017 

 

TO:    Ross Whitehead, AIA 

Schreiber Starling Whitehead Architects 

 

FROM:    Roy Jensen, LHG, Hart Crowser, Inc. 

 

RE:    Pilot Infiltration Tests Analysis and Results 

    Tumwater Readiness Center 

    Tumwater, Washington 

    19202‐00 

   

 

Hart Crowser performed two pilot infiltration tests to support construction at the proposed Tumwater 

Readiness Center in Tumwater, Washington. The purpose of the infiltration tests is to determine 

infiltration rates for design of stormwater infiltration facilities. The infiltration rate obtained from the 

proposed infiltration tests are considered to be a short‐term infiltration rate. Short‐term infiltration 

rates are adjusted through correction factors to account for site variability and number of tests 

conducted, degree of long‐term maintenance and influent pre‐treatment/control, and potential for 

long‐term clogging due to siltation and bio‐buildup. The infiltration test and analysis procedures are 

consistent with the test procedures provided in the 2010 City of Tumwater Drainage Design and Erosion 

Control Manual (December 2009). 

Project Background 

The soil layers observed during the preliminary field exploration program consisted of the following soil 

units, described in the order they were encountered from the ground surface down. 

 Loose to Medium Dense Silty Sand. From the ground surface to a depth generally ranging from 1 to 

4 feet below ground surface (bgs) the borings encountered loose to medium dense, slightly silty to 

silty sand.  

 Medium Dense to Dense Sand and Gravel. A medium dense to dense sand and gravel unit was 

encountered directly under the Loose to Medium Dense Silty Sand and extended to depths ranging 

from 20 to 27 feet bgs. This unit was generally observed to vary between sandy to very sandy gravel 

and very gravelly sand with trace amounts of silt and layers of sand.  
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 Very Dense Sand and Gravel. A very dense sand and gravel unit was encountered directly under the 

Medium Dense to Dense Sand and Gravel. This unit was observed to be layers of sand and sandy to 

very sandy gravel and extended to the bottom of all the borings drilled.  

Groundwater was encountered during drilling the borings for preliminary field exploration program. 

Groundwater levels observed at time of drilling (ATD) ranged from about 7.5 to 11 feet bgs, or 

approximately elevation 181 to 184 feet. 

GENERAL PROCEDURE – PILOT INFILTRATION TEST 

The general procedures for the pilot infiltration tests are presented below. 

 Excavate a test pit using an excavator to the depth of the bottom of the proposed infiltration test. 

The dimensions of the test pit for this project were generally 5 feet wide by 5 feet long 

corresponding to the area of the bottom of the test pit of approximately 25 square feet. 

 Document soil conditions observed during excavation and along the side walls of the excavation. 

Record the size and geometry of the test pit, before beginning the field test. 

 Install a vertical measuring rod marked in half inch increments in the pit bottom. The rod was used 

to record water levels in the test pit. 

 Use a rigid 6‐inch‐diameter pipe with a splash plate on the bottom to convey water to the pit and 

reduce side wall erosion or excessive disturbance of the pond bottom. 

 Conduct the constant head portion of the test by adding water to the test pit at a rate that will 

maintain a water level between 3 and 4 feet above the bottom of the pit. A flow meter verified with 

a bucket test was used to measure the flow rate into the pit. 

 Record the cumulative volume and instantaneous flow rate in gallons per minute (gpm) necessary to 

maintain the water level at the same point (1 foot) on the vertical measuring rod. Water levels in the 

test pits were also monitored with a pressure transducer. 

 Continue adding water to the pit while maintaining constant water level in the test pit for 6 to 8 

hours. 

 At the end of the constant head test, water flow into the test pit was turned off and the drop in 

water level was recorded for a period of at least 1 hour. This phase of the infiltration test is referred 

to as the falling head test. 
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TEST RESULTS 

Two infiltration tests were completed at the site between September 12 and 16, 2016. The locations of 

the infiltration test pits are shown on Figure 1. The results of the individual infiltrations tests are 

summarized below. 

Infiltration Test PIT-102 

 The dimensions of Infiltration PIT‐102 were about 5 by 5 feet and 2 feet deep. Soils observed in the 

test pit include soil cover with rootlets (0 to 2 feet) and sandy Gravel at the bottom of the test cell. 

 Infiltration Test 1 was conducted on September 12, 2016. The constant head test was conducted for 

nearly 12 hours starting at 13:50. and ending at 19:12. The following falling head test was monitored 

from 19:12 until 20:08. 

 During the constant head test, the water level in the test pit was maintained at approximately 1 foot 

at a flow rate of between 5 to 5.7 gpm. The average flow rate was 5.4 gpm. Water levels and flow 

rates during the constant head test are presented on Figure 2. 

 During the falling head test, water levels dropped from 1 foot to 0.1 foot in 86 minutes. Water levels 

monitored during the falling head test are presented on Figure 3. 

 The results of the constant head test indicate that at a constant head of 1 foot, the field infiltration 

rate is 0.2 gpm/ft2 or 20 inches per hour (in./hr). 

Infiltration Test PIT-101 

 The dimensions of Infiltration Test PIT‐101 were about 5 by 5 feet and 1.5 feet deep. Soils observed 

in the test pit were slightly silty fine to medium Sand. 

 Infiltration Test PIT‐101 was conducted on September 15, 2016. The constant head test was 

conducted for nearly 12 hours starting at 8:00 and ending at 16:00. The following falling head test 

was conducted from 16:00 until 16:46. 

 Water levels were maintained at approximately 1 foot at flow rate of 2.32 to 3.36 gpm during the 

constant head test. At the end of the test the average flow rate was 2.6 gpm. Water levels and flow 

rates during the constant head test are presented on Figure 4. 

 During the falling head test water levels dropped from 1 foot to 0.1 foot in about 90 minutes. Water 

levels during the falling head test are presented on Figure 5. 
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 The results of the constant head test indicate that at a constant head of 1 foot the field infiltration 

rate is 0.1 gpm/ft2 or 10 in./hr. 

SUMMARY AND CONCLUSIONS 

 Two pilot infiltration tests were completed in the study area. Soil encountered in the test pits consist 

of an upper unit of sandy Gravel to gravelly Sand with organics and outwash gravel unit generally 

consisting of very sandy Gravel. The infiltration tests were conducted in the top of the outwash 

gravel unit. 

 The infiltration tests consisted of a constant head test and a falling head test. The field infiltration 

rates based on the constant head tests ranged from 10 to 20 in./hr (Table 1). 

 Infiltration rates are head dependent. The higher the head, the higher the infiltration rate. The 

infiltration rates developed in this study are based on a head of 1 foot.  

 For design purposes, a correction factor of about 3 was used to adjust the infiltration rates to 

develop design infiltration rates in shallow soil units at the site. The design infiltration rate for the 

sandy gravel unit based on Infiltration Test PIT‐102 is 7 in./hr and the design infiltration rate for the 

silty sand unit based on Infiltration Tests PIT‐101 is 3 in./hr.  

Attachments: 

Table 1 ‐ Summary of Infiltration Test Results 

Figure 1 ‐ Infiltration Test Location Map 

Figure 2 ‐ Infiltration Test PIT‐102 ‐ Constant Head Test 

Figure 3 ‐ Infiltration Test PIT‐102 ‐ Falling Head Test 

Figure 4 ‐ Infiltration Test PIT‐101 ‐ Constant Head Test 

Figure 5 ‐ Infiltration Test PIT‐101 ‐ Falling Head Test 

 



Table 1 - Summary of Infiltration Test Results

Tumwater Readiness

Infiltration 

Test 

Number

Length

in Feet

Width

in Feet

Area

in Square 

Feet

Steady-

State Head

in Feet

Steady- 

State Flow

in gpm

Infiltration 

Rate

in gpm/ft
2

Infiltration 

Rate

in in./hr

Correction 

Factor

Scaled 

Infiltration 

Rate

in in./hr

Recommended 

Design 

Infiltration Rate

in in./hr

PIT-101 5.25 5.0 26.3 1 2.6 0.1 9.6 3 3 3
PIT-102 5.25 5.0 26.3 1 5.4 0.2 19.9 3 7 7

Hart Crowser
 1749300/Tumwater Infiltration Tests Table 1
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APPENDIX E 

LINEAR REGRESSION FOR KIMMIE STREET INDUSTRIAL PARK, 

ROBINSON/NOBLE/SALTBUSH, 2008 
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APPENDIX F-1 

SCHEMATIC STORMWATER DESIGN AND SITE GRADING, KIMMIE ST. PROPERTY, 

AHBL INC., 2014; UPDATED SCHEMATIC STORMWATER PLAN 2016 
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December 11, 2014 

 
 

 
Mr. Thomas Skjervold 

Environmental Programs Manager 

Washington Military Department 
Building 36, Quartermaster Road 

Camp Murray, WA 98430-5050 
 

Project: Thurston County Readiness Center Site Feasibility Study, AHBL No. 2140515.10 

Subject: Schematic Stormwater Design and Site Grading  
 

Dear Tom: 

We are pleased to provide you with this schematic grading and drainage plan and summary 

letter for the Thurston County Readiness Center Site located at Kimmie St SW and 83rd Avenue 
SW.  Our schematic design and analysis presents data and findings relative to the physical and 

regulatory opportunities and constraints affecting development.   

The focus of this analysis is on the high groundwater conditions and their impact on 
stormwater management facilities and site grading. The methodology used to complete the 

study included review of projects in the vicinity, correspondence with the City of Tumwater 
review engineer, review of stormwater drainage requirements for areas with seasonally high 

groundwater, GIS topography, and other research as necessary. 

The factors influencing final development potential are provided below. 

Site Description 

The subject property is located in the City of Tumwater in a portion of Section 16, Township 17 
North, and Range 2 West.  The project site is identified as Thurston County Parcel 

Nos. 5185001200, 09520003000, and 09520004000.  The parcels are situated between 

Interstate 5 and Kimmie Street SW. 

The 3 parcel areas are 35.97 acres, 9.71 acres, and 1.57 acres for a total site area of 47.25 

acres.  The residential parcel was neglected in this analysis.  The subject parcels of land are 
predominantly undeveloped and forested.    

The northern parcel 09520003000 has access to the intersection of Kimmie St and 83rd Avenue 
SW.  The Large parcel 5185001200 has access to Kimmie St south of the intersection with 

Burns Dr SW.    
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Proposed Project 

The proposed project is to develop the site with two buildings consisting of a Readiness Center 
and a vehicle storage shed.  A conceptual plan of the site has been prepared depicting the 

location of the two buildings, driveways, privately owned vehicle (POV) parking lot, and Military 

Vehicle Parking.  The conceptual property site plan and enlarged site plan are included as 
Figures C-1 and C-2.  The proposed development includes a two-story Readiness Center with a 

footprint of 56,650 SF, a 55,094 SF vehicle storage shed, and an 18,834 SY Military Vehicle 
Parking area.  There are a total of 242 parking spaces proposed for POV parking in a 9,100 SY 

lot.  A single-access driveway to the site is provided at the east side of the parcel at to Kimmie 
Street SW.  This analysis does not consider impervious areas from future developments.   

Topography 

The site is undulating and gently slopes from south to north; existing grades range between 
±195.00 and ±185.00. 

Soils 

Well logs were dug by Arcadia Drilling Inc. in 2008 for ground water monitoring at the project 

site.  The well logs encounter brown silty sands in the top 24 inches overlaying sandy gravels.  

Storm Drainage 

The City of Tumwater has adopted the 2010 Drainage Design and Erosion Control Manual 
(DDECM).  Development of the site will require that the stormwater be controlled and treated 
to meet water quality requirements.  Flow control options include detention and release to a 

downstream conveyance system, flow dispersion, and infiltration to the site’s subsoils.   

A conveyance system is not available near the project site; therefore a combination of flow 
dispersion and infiltration is the preferred method of disposal of stormwater.  The design of 

these facilities will meet minimum requirements in Tumwater’s 2010 DDECM.  The 
requirements which apply to this site include: 

Regulatory Requirements for Full Dispersion:  Tumwater has adopted LID stormwater 
management requirements, prescribed in section 2.2.8, Volume V, of the 2010 DDECM. 

 Retain 65% of site as native vegetation (approximately 31 acres of 47 acre site). 

 Only 10% of site impervious can be dispersed (maximum 4.5 acres of 

approximately 8.5 acres of proposed impervious surfaces) 

 Dispersion shall follow design guidelines for roof downspouts (LID.04) and 

driveway dispersion (LID.06 and LID .07). 

Regulatory Requirements for Infiltration:  The site lies to the north of the Salmon Creek 

Basin.  Historical flooding problems within the Salmon Creek Basin have occurred due to high 
groundwater.  Because of high groundwater, Tumwater has adopted stricter drainage 

requirements, categorized in Section 2.3.2, Volume III, of the 2010 DDECM.   
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 The base of all infiltration basins or trench systems shall be a minimum of 6 feet 

above known or estimated high groundwater levels.  This elevation may be 

determined using groundwater monitoring data gathered through a minimum of 
one wet period (December through April).  Per conversations with the city 3.0’ 

separation is allowed with a mounding analysis. 

 A mounding analysis is required to determine the impact of groundwater 

mounding on the estimated design infiltration rate, and the known or estimated 
high groundwater elevation at the property boundary and at any onsite or offsite 

features that might be impacted by groundwater mounding. 

 The mounding analysis must demonstrate there will be no breakout of 

groundwater to the surface in the vicinity of the project. 

 A minimum separation to groundwater from the building foundation will be at 

least 3 feet. 

 The increase in groundwater level at the property boundary due to mounding is 

less than 1 foot. 

High Groundwater:  A groundwater regression analysis was prepared by Robinson, Noble & 

Saltbush, Inc in 2008 at the project site.  A color Map, “Depth to High Groundwater 
Conditions” was prepared indicating groundwater levels sloping from south to north from 

elevation 191 to elevation 188.  The preliminary study concluded that additional analysis 
should be performed to achieve a “finite-difference numerical model of the site and 

surrounding area”. 

Analysis of High Groundwater Impacts:  The development scenario has established 
minimum design grades for finish floor elevations, paving elevations, and storm pond bottom 

elevations to maintain separation from high groundwater.  Refer to Figure C-3 for a schematic 
stormwater basin map. 

The maximum separation from groundwater occurs near the central portion of the site.  This 
area is also the least wooded area of the site.  This is the recommended location for this 

development.  The existing grades range between elevation 191 and 194 and groundwater is 

assumed to be at elevation 189.  This location also minimizes the length of access road 
required to connect to Kimmie Avenue.  

Full Dispersion and Infiltration Systems:  Based on preliminary review of the dispersion 
BMP’s we have assumed that 150LF of paved surfaces on the north and south side of the site 

can sheet flow to native vegetation and will not require additional stormwater management.  

Stormwater retention basins have been located as close to the source of runoff as practical to 
minimize facility depth for the remaining development area.  We have assumed a minimum 

depth to finish floor of 4.25’ will be required to drain to the stormwater retention facilities.  
Factors during design may require additional system depth which would require the site to be 

raised.  We anticipate that finish floors of 6’ above high groundwater should accommodate the 

unknowns.      
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Building Finish Floors:  Two structures are proposed with this development.  A vehicle 

storage shed and the readiness center building.  The minimum finish floor elevation for these 
buildings per Tumwater requirements is 3 feet above the assumed or known high groundwater 

elevation.  Based on our schematic stormwater concept the finish floors must be at least 4.25’ 

above the assumed high groundwater elevation and may by up to 6.0’ above groundwater.   

BUILDING 
FF = 4.25’         

ABOVE G.W. 

FF = 6.0’          

ABOVE G.W. 
TOTAL FILL 

IMPORTED 

FILL ($20) 

BORROW 

PIT FILL ($6) 

READINESS 
CENTER 

BALANCE 3,000 CY FILL 3,000 CY $60,000 $18,000 

VEHICLE SHED 3,000 CY FILL 7,000 CY FILL 10,000 CY $200,000 $60,000 

Fill costs may be mitigated by creating an onsite borrow pit for use as structural fill.  A 
geotechnical engineer will need to review the site soils and provide recommendations for 

suitability of onsite soils for structural fill.  Assuming onsite soils are not suitable the import 

costs for buildings could be approximately $200,000.00. 

Please note that sewer system may control the building finish floor.  We have not evaluated 

the location or depth of sewer serving the site.  If sufficient depth is not available to gravity 
sewer from the site then the buildings either need to be raised or install a force main sewer 

and pump to discharge sewer flows.  We have evaluated a range of fill scenarios using the 
minimum 4.25’ separation and a preferred 6’ separation.   

Conclusion 

Due to the size of the development full flow dispersion techniques cannot mitigate all of the 
stormwater runoff generated from the site.  Therefore building finish floors will need to be set 

sufficiently high to accommodate drainage conveyance to ponds or trenches.  Stormwater 
facilities need to maintain 2.5’ to 3.0’ of separation from groundwater.  We anticipate that 

imported fill costs for the buildings could range between $60,000 to $200,000.00.   

If you have any questions regarding this report, please do not hesitate to contact me at 
(253) 383-2422. 

 
Sincerely, 

 
 

 

J. Matthew Weber, PE 
Principal 

 
STK/lsk 

 

Enclosures: 
 

 Figure C-1 – Property Site Plan 
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 Figure C-2 – Enlarged Site Plan 

 Figure C-3 – Schematic Stormwater Basin Map 
 Figure C-4 - Calculations 

 

This study is limited in scope.  The statements and observations were derived from secondary 
information provided by local service providers.  There may be additional information, records, 
or legal documents pertaining to the subject property that were not available to us during this 
feasibility assessment. 
 
Q:\2014\2140515\10_CIV\NON_CAD\OUTgoing\20141212 Ltr (Grad & Drain Feasibility) 2140515.10.docx 
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If this does not meet with your understanding, please contact us in writing within seven days. THANK YOU. 
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APPENDIX F-2 

UPDATED SCHEMATIC STORMWATER DESIGN AND SITE GRADING, KIMMIE ST. 

PROPERTY, SCHREIBER STARLING WHITEHEAD 2017 
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February 23, 2017 

Ms. Rowena Valencia-Gica Ph.D. 

Environmental Specialist 

Washington Military Department 

36 Quartermaster Road 

Camp Murray, WA  98430 

Subject: Tumwater Readiness Center: Civil Design Narrative 

 Agreement No. 2016-008 A (1) 

Dear Rowena: 

To assist your Environmental Assessment re-submittal effort, our civil engineer AHBL provided the 

following narrative in our Schematic Design package: 

Site Development – The project site is located in the City of Tumwater in Thurston County. The site 

is located along Kimmie Road due west of the Olympia Regional Airport.  The site is bounded by 

Frontage Road to the north, Kimmie Road and a number of residential parcels to the east, 

undeveloped land to the south, and Interstate 5 to the west. The site is situated on six parcels 

totaling 53 acres in size. The site is largely undeveloped with the exception of gravel surfacing near 

the north side of the site. The site has two access points to Kimmie Road via parcel 09520003000 

and parcel 51850000400.    

Proposed project improvements include constructing a readiness center building and vehicle 

storage shed as well as POV parking lots and concrete plaza and pedestrian walkways. Frontage 

improvements are not anticipated at this time.  

Grading – The existing site elevations range from approximately 183 feet to 197 feet, although the 

site is relatively flat with average elevations in the low 190’s.  An east – west ridge divides the site 

into two basins. The south basin drains to a wetland near the south property line. The north basin 

drains to a depression near the northwest corner of the site.  The proposed development will be 

located in the northern portion of the site. The finished floor elevation of the readiness center 

building and vehicle storage shed are proposed at 196. 

Existing site grades will be modified as a result of project improvements, but slope patterns will 

generally remain as is. Removal of unsuitable soils and import of structural fill is anticipated.  It is 

unlikely that the site grading will result in a balanced condition and a net import is anticipated. 

The proposed project will exceed one acre of disturbed area and will require an NPDES General 

Construction Stormwater permit. The contractor will be required to follow the project’s stormwater 

pollution prevention plan and install temporary erosion and sediment control best management 

practices (BMPs). 

Stormwater – All stormwater improvements will be designed to meet the requirements of the 

latest edition of the City of Tumwater Drainage and Erosion Control Manual. Stormwater from the 

project site currently discharges at two depressions on site. One is located at the south property 

line and the other near the northwest corner of the site. The project proposes to infiltrate all storm 

water by means of pervious pavement and rain gardens for roof downspouts. This strategy is 

intended to mimic the predeveloped condition as closely as possible and comply with the storm 

water drainage manual.  

Treatment is required for runoff from pollutant generating surfaces such as drive aisles and parking 

spaces. This will be provided by a sand filtration layer in the subgrade of the pervious pavements.  

Flow control is required for stormwater runoff and primarily will be provided by the infiltration 

methods described above. High groundwater is present on the site and as such, facilities will be 



 

placed at elevations required to achieve separation from groundwater. In addition, a groundwater 

mounding analysis will be required that shows compliance with the Tumwater Drainage Manual 

and that we are not excessively impacting groundwater elevations outside the site boundaries.  

The stormwater conveyance system will consist of catch basins, enclosed pipes, and open 

conveyance in a series of bioretention cells and swales. It will also consist of a roof drainage 

network for runoff from the new buildings.  

Onsite stormwater management BMPs will be required where feasible and appropriate. This is 

being addressed by directing stormwater runoff to a series of bioretention facilities (rain gardens). 

Roads and Surfacing –The project site is bordered to the east by Kimmie Road. In general access 

will be from Kimmie Road and extend onto the site to the POV parking areas as well as the paved 

area between the readiness center facility and the vehicle storage shed. All vehicle pavements are 

proposed as pervious concrete. Site walkways and plazas are proposed as standard concrete.  

Water and Fire Suppression Services – The project site is located within the City of Tumwater 

water service area.  An existing 16-inch diameter PVC water main is located under Kimmie Street.  

Water improvements will include a new 8 inch water main loop around the proposed readiness 

center building that connects to the water main in Kimmie Road. The water main loop will be 

approximately 1,600 linear feet.  Improvements also include a new domestic service for the new 

readiness center building. Fire suppression improvements will include installing a new 6 inch 

service line, remote fire department connection, and four fire hydrants.  

Sanitary Sewer Service – Sewer service is provided by the City of Tumwater. A 12” PVC sanitary 

main is located in Kimmie Street. The proposed connection point is at a manhole located at the 

intersection of Kimmie Street and 83rd Avenue SW and is roughly 14 feet deep. The project 

proposes roughly 750 feet of 8” pipe to be extended onsite to serve the proposed buildings. Two oil 

water separators, a grease interceptor, and trench drains are anticipated to be connected to the 

sewer system.  

Natural Gas Service – Natural gas service is provided to the site by Puget Sound Energy through a 

4 inch main located in Kimmie Street SW. Approximately 375 feet of gas service and a meter will be 

required to be extended to the readiness center.  

 

We trust this is a sufficient description of our civil design approach, and in particular our approach 

to stormwater, now that the site development is focused on the north end of the Tumwater 

property.  Should you need additional information, please do not hesitate to ask.  

Respectfully, 

 
Ross Whitehead AIA PRINCIPAL 

Schreiber Starling Whitehead Architects 

encl:  Schematic Design Drawings C1.0 (Existing Conditions & Demolition Plan),  

 C1.1 (Civil Grading & Storm Drainage Plan), and C1.2 (Civil Utility Plan) 

cc: Ron Cross; Thomas Skjervold; Dino Othieno 

File:    15018/COR 
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EXECUTIVE SUMMARY 
 
South Sound Geotechnical Consulting (SSGC) has completed a preliminary geotechnical evaluation for the planned 
Army Readiness Center on Kimmie Street SW in Tumwater, Washington. Based on subsurface conditions observed 
in the explorations completed, most of the site is considered feasible for development from a geotechnical 
perspective.  The following information is intended only as a summary of geotechnical considerations for 
development of the site: 
 

 Site Conditions:  The site is generally level with elevation changes on the order of 5 (+/-) feet.  Previous 
development including buildings is in the northern portion, with mixed forest growth and open areas 
covering the remainder of the property.   

 
 Soil Conditions:  Native soils generally consisted of sand with variable silt. Coarser gravelly sand was 

observed below the finer sand in test pits in the northern portion of the site.   
 

 Groundwater:  Groundwater was observed in two test pits at the time of excavation.  Depth to groundwater 
was on the order of 11 feet in the south-central portion of the site, and at about 7 feet in the most northern 
test pit.  
 

 Foundations:  Conventional spread footings founded on properly prepared native subgrades and/or 
structural fill are considered suitable for support of planned buildings.  Footings on properly prepared 
subgrades can be designed for an allowable bearing pressure of 1,500 pounds per square foot (psf).  
 

 Floor Slabs:  Floor slabs may be supported on properly prepared native subgrades or structural fill.  Floor 
slab design should include a 6-inch minimum thickness capillary break. 
 

 Seismic Considerations:  Site Class D is recommended to classify the site per the 2012 International 
Building Code (IBC) with the subsurface information available. Site soils are considered to have a low risk 
to liquefaction. 

 
 Pavements:  Properly prepared native soils and/or structural fill should provide suitable support for 

pavement sections.  Conventional asphalt concrete pavement sections should include a minimum 4 inches 
of HMA over 6 inches of crushed top or base course in main access lanes.  A minimum pavement section 
of 2 inches HMA over 4 inches of crushed course can be used in car parking areas.   

 
 
This executive summary should not be used for design and/or construction purposes.  The entire report must be read 
for a comprehensive understanding of the information and recommendations presented as specific details are not 
included or fully developed in this executive summary. 
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PROJECT INFORMATION    
 
A Readiness Center is being proposed on the approximate 50 (+) acre property to the west of Kimmie 
Street SW and east of Interstate I-5, between 83rd Avenue SW and 88th Avenue SW in Tumwater, 
Washington.  Planned improvements currently include a Readiness Center building and paved parking.  A 
vehicle storage/maintenance building may be constructed in the future.  We understand that about 16 
acres of the property will be required for the planned development.  
 
The property is reported to have a generally high groundwater table with isolated wetlands in the southern 
portion.  We have been provided with maps of observed water levels across the property which suggest 
that the general center portion would be the most feasible to develop.  Standing surface water had been 
mapped in the northern and southern portions of the site. 
 
We anticipate that the Readiness Center will be a one to two-story building.  Conventional spread footing 
foundations and slab-on-grade floors are planned.  Asphalt paved access ways and parking is anticipated.  
Access would be from Kimmie Street SW via a designated easement near the center of the property. 
 
SITE CONDITIONS 
 
Most of the site is undeveloped and covered with mixed forest growth and open areas vegetated with 
thick brush and weeds.  The very northern portion of the property has several abandoned buildings and 
asphalt paved areas.  The site is generally considered level with elevation changes estimated on the order 
of 5 (+/-) feet.  A ditch along the western portion of the property adjacent I-5 was estimated at about 8 to 
10 feet deep.  Standing water was in the ditch and estimated at about 7 feet below adjacent grades. 
 
SUBSURFACE CONDITIONS 
 
Subsurface conditions on the lot were completed by excavating ten (10) test pits on January 14, 2015.  
Approximate test pit locations are shown on Figure 1, Site Plan.   Test pits were advanced to depths 
ranging from about 5.5 to 11.5 feet below surface grades.   A summary description of observed subgrade 
conditions is provided below, with complete logs of the explorations provided in Appendix A. Please note 
that subsurface conditions can vary across the site from those observed at the exploration locations. 
  

Soil Conditions 
Topsoil/Forest duff was observed in most of the test pits and ranged from about 6 to 12 inches.  In 
several of the test pits, thick roots were observed to about 18 inches below the surface.  Native 
soils below the topsoil consisted predominantly of silty sand to sand with trace to some silt.  
These soils were generally in a loose to medium dense condition.  Silt content was observed to be 
variable, and some soil layers were interpreted to be sandy silt.  Coarser sand and gravel soils 
were observed in the northern portion of the site (test pits TP-9 and TP-10) below an upper silty 
sand layer.  These granular soils were typically in a medium dense to dense condition. 
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Fill consisting of mixed silt, sand, and gravel was observed below the surface in test pit TP-10, in 
the previous developed portion of the site.  Fill was generally in a medium dense condition and 
was about 1.5 feet thick.  We anticipate that fill will be present in other areas of the developed 
portion of the site and will vary in thickness. .  
 
Groundwater Conditions 
Groundwater was observed in two of the test pits at the time of excavation.  Groundwater level 
was at about 7 feet in test pit TP-10 in the northwest portion of the site, and at about 11 feet in 
test pit TP-7 in the southwest portion of the planned development area. Iron oxide staining in test 
pit TP-10 suggests groundwater levels may rise to a depth of about 6 feet.  Groundwater levels 
should be expected to fluctuate on the order of 1 to 2 feet due to seasonal precipitation patterns, 
and off- and on-site drainage sources.  

 
Geologic Setting 
Soils on the site have been classified by the Washington State Department of Natural Resources 
(DNR). The mapping of the area is presented in the “Geologic Map of the Maytown 7.5-minute 
Quadrangle, Thurston County, Washington” issued in 2009. Surface geology is mapped as 
Vashon recessional outwash.  This unit is described as “Sand and silt with minor gravel 
interbeds”. Soils observed in the test pits are interpreted to be glacial outwash. 

 
GEOTECHNICAL DESIGN CONSIDERATIONS 
 
It is our opinion, from a geotechnical perspective, that the majority the property (encompassed within our 
field explorations) is considered suitable for development.  Observed soil conditions are considered 
feasible for support of buildings and roads.  Groundwater was observed in only two test pits at depths 
between 7 and 11 feet below the surface and should not adversely impact development of the central and 
northern portions of the property.  Additional explorations are recommended to assess the southernmost 
portion of the site, if future development is planned in that area. 
 
Native silty sand soils were generally in a loose condition near the surface.  As such, subgrade preparation 
methods in building and pavement areas will require adequate compaction to achieve suitable subgrades 
for support of planned improvements.  Alternatively, localized removal and replacement with structural 
fill may be needed. 
 
Recommendations presented in the following sections are based upon the subsurface conditions observed 
in the explorations completed and our current understanding of project plans.  Recommendations 
presented in this report assume that finish grades will be near existing grades.  It should be noted that 
subsurface conditions across the site may vary from those described on the test pit logs, and can change 
with time.  Therefore, proper site preparation will depend upon the weather and soil conditions 
encountered at the time of construction.  We recommend that SSGC review final plans and assess 
subgrade conditions for foundations, floor slabs, and pavements at the time of construction. 
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Site Preparation 
 
Preparation for site grading and earthwork should include procedures intended to drain ponded water and 
control surface water runoff.  Grading the site without adequate drainage control measures may 
negatively impact site soils, resulting in increased export of impacted soil and import of fill materials. 
This can potentially increase the cost of the earthwork and subgrade preparation phases of the project. 
 
Site grading should include removal (stripping) of topsoil, thick roots, and any fill in building and 
pavement areas.   Stripping depths of topsoil will range from about 6 inches to perhaps 1.5 to 2 feet where 
thicker roots are encountered.  Foundation and pavement subgrades should consist of undisturbed native 
soils following stripping.  
 
Subgrade Preparation 
 
After stripping the site to suitable native subgrades, we recommend that exposed building and pavement 
subgrades are proofrolled using a large roller or other mechanical compaction equipment to assess 
subgrade conditions.  Proofrolling efforts should result in the upper 2 feet of subgrade soils achieving a 
firm, unyielding condition, and at least 95 percent of the maximum dry density (MDD) per the ASTM 
D1557 test method. Wet, loose, or soft subgrades should be compacted or removed and replaced with 
structural fill.  A representative of SSGC should be present to assess subgrade conditions during 
proofrolling. 
 
Grading and Drainage 
 
Positive drainage should be provided during construction and maintained throughout the life of the 
development.  Allowing surface water into foundation excavations or utility trenches should be prevented 
during construction.   
 
Roof downspouts should discharge into an approved stormwater receptor or onto splash blocks or 
extensions when the ground surface is not protected by exterior slabs or paving.  Sprinkler systems should 
not be installed within five feet of foundation elements.  Landscaped irrigation adjacent to foundations 
should be minimized or eliminated. 
 
Structural Fill Materials 
 
The suitability of soil for use as structural fill depends primarily on the gradation and moisture content of 
the soil when it is placed. As the amount of fines (soil fraction passing the U.S. No. 200 sieve) increases, 
soils can become increasingly sensitive to small changes in moisture content.  It is often difficult to 
achieve adequate compaction if soil moisture is outside of optimum condition for soils that contain more 
than 5 percent fines.  In general, optimum moisture is within about +/- 2 percent of the moisture content 
required to achieve the maximum density per the ASTM D-1557 test method. 
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Site Soils:  Observed finer grained soils (upper silty sand) will be difficult to use as their higher 
fines (silt and/or clay) content make them moisture sensitive.  Under optimum moisture 
conditions, they could be used as structural fill. Native gravelly sand to sandy gravel soils are 
considered suitable for structural fill.   

 
Structural Fill Materials:  We recommend that import structural fill placed during dry weather 
periods consist of material which meets the specifications for Gravel Borrow as described in 
Section 9-03.14(1) of the 2014 Washington State Department of Transportation (WSDOT) 
Specifications for Road, Bridge, and Municipal Construction (Publication M 41-10).  Gravel 
Borrow should be placed in horizontal lifts not exceeding 10 inches in loose thickness. Each lift 
must be conditioned to the proper moisture content and uniformly compacted to a firm, 
unyielding condition using mechanical equipment. Gravel Borrow fill must be protected from 
disturbance if exposed to wet conditions after placement. 

 
During wet weather, or for backfill on wet subgrades, import soil suitable for compaction in wet 
conditions should be provided. Imported fill for use in wet conditions should generally conform 
to specifications for Select Borrow as described in Section 9-03.14(2), or Crushed Surfacing per 
Section 9-03.9(3) of the 2014 WSDOT M-41 manual, with the modification that a maximum of 5 
percent by weight shall pass the U.S. No. 200 sieve for these soil types.   
 
Placement of structural fill is often weather-dependent. Delays due to inclement weather are 
common, even when using select granular fill. We recommend that site grading and earthwork be 
scheduled for the drier months of the year.  Structural fill should not consist of frozen material. 

   
Structural Fill Placement 
 
We recommend that structural fill is placed in lifts not exceeding 10 inches in loose measure. It may be 
necessary to adjust lift thickness based on site and fill conditions during placement and compaction. 
Structural fill should be compacted to attain the recommended levels presented in Table 1, Compaction 
Criteria.  

Table 1. Compaction Criteria 

Fill Application Compaction Criteria* 

Footing areas (below structures and retaining walls) 95 % 

Upper 2 feet in pavement areas, slabs and sidewalks, and utility trenches 95 % 

Below 2 feet in pavement areas, slabs and sidewalks, and utility trenches 92 % 

Utility trenches or general fill in non-paved or -building areas 90 % 
*Per the ASTM D 1557 test method. 
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Trench backfill within about 2 feet of utility lines should not be over-compacted to reduce the risk of 
damage to the line.  In some instances the top of the utility line may be within 2 feet of the surface.  
Backfill in these circumstances should be compacted to a firm and unyielding condition. 
 
We recommend that all fill procedures include maintaining grades that promote drainage and do not allow 
for ponding of water within the fill area. The contractor should protect compacted fill subgrades from 
disturbance during wet weather.  In the event of rain during structural fill placement, the exposed fill 
surface should be allowed to dry prior to placement of additional fill.  Alternatively, the wet soil can be 
removed.  We recommend that consideration be given to protecting haul routes and other high traffic 
areas with free-draining granular fill material (i.e. sand and gravel containing less than 5 percent fines) or 
quarry spalls to reduce the potential for disturbance to the subgrade during inclement weather.  
 
Earthwork Procedures 
 
Conventional earthmoving equipment should be suitable for earthwork at this site. Subgrade soils that 
become disturbed due to elevated moisture conditions should be overexcavated to expose firm, non-
yielding, non-organic soils and backfilled with compacted structural fill.  We recommend that the 
earthwork portion of this project be completed during extended periods of dry weather.  If earthwork is 
completed during the wet season (typically November through May) it may be necessary to take extra 
precautionary measures to protect subgrade soils.  Wet season earthwork may require additional 
mitigative measures beyond that which would be expected during the drier months of the year.     
 
If earthwork takes place during freezing conditions, we recommend that the exposed subgrade be allowed 
to thaw and be recompacted prior to placing subsequent lifts of structural fill.  Alternatively, the frozen 
soil can be removed by excavation to unfrozen soil and replaced with non-frozen structural fill. 
 
The contractor is responsible for designing and constructing stable, temporary excavations (including 
utility trenches) as required to maintain stability of both the excavation sides and bottom.  Excavations 
should be sloped or shored in the interest of safety following local, state, and federal regulations, 
including current OSHA excavation and trench safety standards.   
 
A qualified geotechnical engineer and materials testing firm should be retained during the construction 
phase of the project to observe earthwork operations and to perform necessary tests and observations 
during subgrade preparation, placement and compaction of structural fill, backfilling of excavations, and 
prior to construction of foundations. 
 
Permanent Cut and Fill Slopes 
 
We recommend that permanent cut and fill slopes have a maximum inclination of 2H:1V 
(Horizontal:Vertical).    
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Foundations  
 
Foundations can be placed on firm native soils or on structural fill that have been prepared as described in 
this report.   The following recommendations have been prepared for conventional spread footing 
foundations. 
 

Bearing Capacity (net allowable):   1,500 pounds per square foot (psf) for footings 
supported on native soils or structural fill prepared as 
described in this report. 

 
Footing Width (Minimum):     18 inches (Strip) 
      24 inches (Column) 
      
Embedment Depth (Minimum):    18 inches (Exterior) 
     12 inches (Interior) 
 

 Settlement:     Total:   < 1 inch 
       Differential: < 1/2 inch over 30 foot span 
 
 Allowable Lateral Passive Resistance:  275 psf/ft* (below 12 inches) 
 
 Allowable Coefficient of Friction:  0.35* (Native soils and structural fill) 
 
  *These values include a factor of safety of approximately 1.5 
 
The net allowable bearing pressures presented above may be increased by one-third to resist transient, 
dynamic loads such as wind or seismic forces.  Lateral resistance to footings should be ignored in the 
upper 12-inches from exterior finish grade.   

 Foundation Construction Considerations 
All foundation subgrades should be free of water and loose soil prior to placing concrete, and 
should be prepared as recommended in this report.  Concrete should be placed soon after 
excavating and compaction to reduce disturbance to bearing soils.  Should soils at foundation 
level become excessively dry, disturbed, saturated, or frozen, the affected soil should be removed 
prior to placing concrete.  We recommend that SSGC observe all foundation subgrades prior to 
placement of concrete. 

We recommend that a working surface of sand and gravel (e.g. base course) is placed on the finer 
grained subgrade soil in footing areas.  This layer should be at least 4 inches thick and compacted 
to a firm and unyielding condition.  The purpose of this layer is to protect the more sensitive fine 
grained native soil from disturbance during form and rebar placement. 
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Foundation Drainage 
We recommend that footing drains are installed around new perimeter footings of buildings. Footing 
drains should include a minimum 4-inch diameter perforated rigid plastic or metal drain line installed 
at the base of the footing. The perforated drain lines should be connected to a tight line pipe that 
discharges to an approved storm drain receptor.  The drain line should be surrounded by a zone of 
clean, free-draining granular material having less than 5 percent passing the No. 200 sieve or meeting 
the requirements of section 9-03.12(2) “Gravel Backfill for Walls” in the 2014 WSDOT Standard 
Specifications for Road, Bridge, and Municipal Construction manual (M41-10).  The free-draining 
aggregate zone should be at least 12 inches wide and wrapped in filter fabric.  The granular fill 
should extend to within 6 inches of final grade where it should be capped with compacted fill 
containing sufficient fines to reduce infiltration of surface water into the footing drains.  Alternately, 
the ground surface can be paved with asphalt or concrete.  Cleanouts are recommended for 
maintenance of the drain system. 

 
Seismic Considerations 
 
The following seismic parameters and values presented in Table 2 are recommended based on the 2012 
International Building Code (IBC). 
 

Table 2. Seismic Parameters 
 

PARAMETER VALUE 
2012 International Building Code (IBC)  
Site Classification1 D 

Site Latitude N 46.96281°  

Site Longitude W 122.93209° 

Ss Spectral Acceleration for a Short Period 1.298g 

S1 Spectral Acceleration for a 1-Second Period 0.54g 

Fa Site Coefficient for a Short Period 1.0 

Fv Site Coefficient for a 1-Second Period 1.5 
1 Note: In general accordance with 2012 International Building Code, Section 1613.3.2 for risk categories 
I,II,III. IBC Site Class is based on the specified characteristics of the upper 100 feet of the subsurface profile. Ss, 
S1, Fa, and Fv values based on the USGS US Seismic Design Maps website using referenced site latitude and 
longitude. The 2012 IBC requires a site soil profile determination extending to a depth of 100 feet for seismic 
site classification.  Test pits completed on the site do not satisfy the required 100 foot soil profile 
determination.  The recommended seismic site class considers that a stiff soil profile continues below the 
maximum depth of the test pits and is based on the referenced maps in this report and other geologic 
information in the area. 

Liquefaction 
Soil liquefaction is a condition where loose, typically granular soils located below the 
groundwater surface lose strength during ground shaking, and is often associated with 
earthquakes.  The risk of liquefaction at this site is low for the design level earthquake based on 
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the Washington DNR’s Olympia-Lacey-Tumwater Urban Area, Washington: Liquefaction 
Susceptibility Map (GM-47), dated 1999.  

 
On-Grade Floor Slabs 
 
On-grade floor slabs should be placed on native soils or structural fill prepared as described in this report. 
We recommend a modulus subgrade reaction of 175 pounds per square inch per inch (psi/in) for firm 
native soils and structural fill. 
 
We recommend that a capillary break is provided between the prepared subgrade and bottom of slab.  
Capillary break material should be a minimum of 6 inches thick and consist of compacted clean, free-
draining, well graded course sand and gravel.  The capillary break material should contain less than 5 
percent fines, based on that soil fraction passing the U.S. No. 4 sieve.  Alternatively, a clean angular 
gravel such as No. 7 aggregate per Section 9-03.1(4) C of the 2014 WSDOT (M41-10) manual could be 
used for this purpose. 
 
We recommend that positive separations and/or isolation joints are provided between slabs and 
foundations, and columns or utility lines to allow independent movement, where needed.  Backfill in 
interior trenches beneath slabs should be compacted in accordance with recommendations presented in 
this report.  
 
A vapor retarder should be considered beneath concrete slabs that will be covered with moisture sensitive 
or impervious coverings (such as tile, wood, etc.), or when the slab will support equipment or stored 
materials sensitive to moisture.  We recommend that the slab designer refer to ACI 302 and/or ACI 360 
for procedures and limitations regarding the use and placement of vapor retarders. 
 
Pavements 
 
We understand that concrete asphalt pavements will be used for access ways and parking areas.  
Subgrades for pavement areas should be prepared as described in the site and subgrade preparation and 
structural fill sections of this report.  Subgrade soils below pavements should be compacted to at least 95 
percent of the maximum dry density (ASTM D 1557) within at least one foot of the base of the section.  
Subgrades below pavement sections should also be graded or crowned to promote drainage and not allow 
for ponding of water beneath the section.  If drainage is not provided and ponding occurs, the subgrade 
soils could become saturated, lose strength, and result in premature distress to the pavement.  In addition, 
the pavement surfacing should also be graded to promote drainage and reduce the potential for ponding of 
water on the pavement surface. 
 
Pavement section design has been prepared and is based on AASHTO design guidelines and the 
following assumed design parameters: 
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 20-year life span; 
 Estimated design life Equivalent Single Axle Loads (18 kips) of 250,000; 
 Estimated subgrade CBR of 4; 
 Terminal serviceability of 2.0; and, 
 Level of reliability 85 percent. 
 

Minimum recommended pavement sections for conventional pavement areas include: 
 

Table 3. Preliminary Pavement Sections 
 

Traffic Area 

Preliminary Recommended Minimum Pavement Section 
Thickness (inches) 

Asphalt Concrete Surface1 
 

Top/Base Course2 

 
Light Duty (Car Parking) 2 4 

Access Ways 4 6 

1 1/2 –inch nominal aggregate hot-mix asphalt per WSDOT 9-03.8(1) 
2 Top or base course per WSDOT 9-03.9(3) 

 
The above recommended pavement sections should only be considered for preliminary design purposes.  
Final pavement sections should be based on actual traffic design loads.  The estimated CBR value may 
not be suitable depending on final road subgrades which could affect the preliminary pavement sections.  
When traffic loads and final pavement subgrade elevations are known, SSGC should review and verify or 
modify the preliminary pavement sections.   

Pavement Maintenance 
The performance and lifespan of pavements can be significantly impacted by future maintenance.  
The above pavement sections represent minimum recommended thicknesses and, as such, periodic 
maintenance should be completed.   Proper maintenance will slow the rate of pavement 
deterioration, and will improve pavement performance and life.  Preventive maintenance consists of 
both localized maintenance (crack and joint sealing and patching) and global maintenance (surface 
sealing).  Added maintenance measures should be anticipated over the lifetime of the pavement 
section if any existing fill or topsoil is left in-place beneath pavement sections. 

 
REPORT CONDITIONS 
 
This report has been prepared for the exclusive use of AHBL, Inc as discussed and has been prepared in 
accordance with generally accepted geotechnical engineering practices in the area.  No warranties, either 
express or implied, are intended or made.  Site safety and earthwork construction procedures are the 
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responsibility of others.  In the event that changes in the nature, design, or location of the project as 
outlined in this report are planned, the conclusions and recommendations contained in this report shall not 
be considered valid unless SSGC reviews the changes and either verifies or modifies the conclusions of 
this report in writing. 
 
The analysis and recommendations presented in this report are based upon the data obtained from the test 
pits completed at the indicated locations and from other information as discussed.  This report does not 
reflect variations of subsurface conditions that may occur between explorations, across the site, or due to 
the modifying effects of construction or weather.  The nature and extent of such variations may not 
become evident until during or after construction.  If variations appear, we should be immediately notified 
so that further evaluation and supplemental recommendations can be provided, as warranted. 
 
The scope of services for this project does not include any environmental or biological (e.g., mold, fungi, 
bacteria) assessment of the site or identification or prevention of pollutants, hazardous materials or 
conditions.  If the owner is concerned about the potential for contamination or pollution, other studies 
should be completed. 
 
 



        N 
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Field Exploration Procedures 
 
Our field exploration for this project included ten (10) test pits completed on January 14, 2015. The 
approximate exploration locations are shown on the Site Plan (Figure 1).  The exploration locations were 
determined by pacing from site features.  Ground surface elevations referenced on the logs were inferred 
from USGS 7.5 minute quadrangle maps. Exploration locations and elevations should be considered 
accurate only to the degree implied by the means and methods used. 
 
A private excavating contractor subcontracted to SSGC excavated the test pits.  Soil samples were 
collected and stored in moisture tight containers for further identification and laboratory testing.  Test pits 
were backfilled with excavated soils and tamped when completed.  Please note that backfill in the test pits 
will likely settle with time.  Should test pits be discovered in building or pavement areas, the backfilled 
material should be re-excavated and recompacted, or replaced with structural fill.   
 
The following logs indicate the observed lithology of soils and other materials observed in the 
explorations at the time of excavation.  Where a soil contact was observed to be gradational, our log 
indicates the average contact depth.  Our logs also indicate the approximate depth to groundwater (where 
observed at the time of excavation), along with sample numbers and approximate sample depths.  Soil 
descriptions on the logs are based on the Unified Soil Classification System.   
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         TEST PIT LOGS FIGURE A-1 
South Sound Geotechnical Consulting TP-1 TO TP-10 Logged by:  THR 

 

 
Test Pit TP-1 

Depth (feet) 
 
 

Material Description 
0 – 0.75 
 
 
0.75 – 4 
 
4 – 6 
 
 
6 – 10.5 
 
 
 
 
 
 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose, moist, brown. (Sample S-1 @ 2 feet) 
 
SAND with silt:  Loose, moist, light brown. (Sample S-2 @ 
5 feet) 
 
Sand with trace to some silt: Medium dense, moist, light 
gray/brown. (Sample S-3 @ 6.5 feet) 
 
Test pit completed at approximately 10.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 200 feet 
 

Test Pit TP-2  
Depth (feet) 
 
 

Material Description 
0 – 1 
 
 
1 – 2 
 
2 – 8 
 
8 – 10 
 
10 – 10.5 
 
 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown. Moderate roots to 1.5 feet. 
 
SAND with silt:  Loose, moist, light brown. 
 
Silty SAND: Loose to medium dense, moist, grayish brown.  
 
Silty SAND: Medium dense, moist, gray/brown mottled. 
 
SAND with silt:  Medium dense, moist, gray. (Sample S-1 @ 
10.5 feet) 
 
Test pit completed at approximately 10.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 201 feet 
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             Test Pit TP-3 
Depth (feet) 
 
 

Material Description 
0 – 1 
 
 
1 – 5 
 
5 – 7 
 
7 – 10 
 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
SAND with silt:  Medium dense, moist, brown. 
 
Silty SAND: Medium dense, moist, grayish brown.  
 
Sand with trace to some silt: Medium dense, moist, 
brown/gray. 
 
Test pit completed at approximately 10 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 203 feet 
 
 

             Test Pit TP-4 
Depth (feet) 
 
 

Material Description 
0 – 1 
 
 
1 – 3 
 
3 – 5.5 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose, moist, brown. 
 
SAND with silt: Loose, moist, brown/gray. 
 
Test pit completed at approximately 5.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 203 feet 
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             Test Pit TP-5 
Depth (feet) 
 
 

Material Description 
0 – 0.75 
 
 
0.75 – 6 
 
6 – 7.5 
 
7.5 - 10 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose, moist, brown. 
 
Silty SAND/Sandy SILT: Medium dense, moist, gray/brown.  
 
SAND with silt: Medium dense, moist, brownish gray. 
Grades gray at about 9 feet. 
 
Test pit completed at approximately 10 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 203 feet 
 
 

             Test Pit TP-6 
Depth (feet) 
 
 

Material Description 
0 – 0.75 
 
 
0.75 – 4 
 
4 – 7 
 
 
7 – 9.5 
 
 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown. Heavy roots to 1.5 feet. 
 
Silty SAND: Loose, moist, brown. 
 
Silty SAND/Sandy SILT: Loose to medium dense, moist, 
grayish brown with some mottling. 
 
 SAND with silt: Medium dense, moist, brownish gray. 
 
Test pit completed at approximately 9.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 203 feet 
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             Test Pit TP-7 
Depth (feet) 
 
 

Material Description 
0 – 0.5 
 
 
0.5 – 6 
 
6 – 7 
 
7 – 11.5 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose to medium dense, moist, brown.  
 
SAND with silt: Medium dense, moist, grayish brown. 
 
Silty SAND: Medium dense, moist, gray. 
 
Test pit completed at approximately 11.5 feet on 1/14/15. 
Groundwater observed at about 11.5 feet at time of 
excavation. 
No caving observed. 
Approximate surface elevation: 201 feet 
 
 

             Test Pit TP-8 
Depth (feet) 
 
 

Material Description 
0 – 0.5 
 
 
0.5 – 5 
 
5 – 6.5 
 
6.5 – 9.5 
 
9.5 - 11 
 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown. Moderate roots to 1 foot. 
 
Silty SAND: Loose to medium dense, moist, brown.  
 
SAND with silt: Medium dense, moist, brownish gray. 
 
Silty SAND/Sandy SILT: Medium dense, moist, gray with 
slight mottling. 
 
SAND with silt: Medium dense, moist, gray. 
 
Test pit completed at approximately 11 feet on 1/14/15. 
No groundwater observed at time of excavation. 
No caving observed. 
Approximate surface elevation: 201 feet 
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             Test Pit TP-9 
Depth (feet) 
 
 

Material Description 
0 – 0.75 
 
 
0.75 – 3 
 
3 – 9.5 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose, moist, light brown. 
 
Gravelly SAND with trace to some silt: Medium dense to 
dense, moist, brown/gray. (Sample S-1 @ 4 feet) 
 
Test pit completed at approximately 9.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
Moderate caving below 4 feet. 
Approximate surface elevation: 200 feet 
 
 

           
             Test Pit TP-10 

Depth (feet) 
 
 

Material Description 
0 – 1.5 
 
 
1.5 – 2.5 
 
2.5 – 6 
 
 
6 – 6.5 
 
 
6.5 – 7.5 

Fill: Gravelly SAND with some silt: Medium dense, moist, 
brown.  
 
Silty SAND: Loose, moist, light brown. 
 
Gravelly SAND with trace to some silt: Medium dense to 
dense, moist, brown grading to gray.  
 
Gravelly SAND with trace to some silt: Medium dense, 
moist, red oxidized. 
 
Sandy GRAVEL with trace silt: Loose to medium dense, 
reddish brown. 
 
Test pit completed at approximately 7.5 feet on 1/14/15. 
Groundwater observed at about 7 feet at time of excavation. 
Slight caving below 3.5 feet. 
Approximate surface elevation: 200 feet 
 
 

 



    

UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A 
Soil Classification 

Group 
Symbol Group Name B 

Coarse Grained Soils: 
More than 50% retained on 
No. 200 sieve 

Gravels: 
More than 50% of coarse 
fraction retained on No. 4 
sieve 

Clean Gravels: 
Less than 5% fines C 

Cu  4 and 1  Cc  3 E GW Well-graded gravel F 
Cu  4 and/or 1  Cc  3 E GP Poorly graded gravel F 

Gravels with Fines: 
More than 12% fines C 

Fines classify as ML or MH GM Silty gravel F,G,H 
Fines classify as CL or CH GC Clayey gravel F,G,H 

Sands: 
50% or more of coarse 
fraction passes No. 4 sieve 

Clean Sands: 
Less than 5% fines D 

Cu  6 and 1  Cc  3 E SW Well-graded sand I 
Cu  6 and/or 1  Cc  3 E SP Poorly graded sand I 

Sands with Fines: 
More than 12% fines D 

Fines classify as ML or MH SM Silty sand G,H,I 
Fines classify as CL or CH SC Clayey sand G,H,I 

Fine-Grained Soils: 
50% or more passes the No. 
200 sieve 

Silts and Clays: 
Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” line J CL Lean clay K,L,M 
PI  4 or plots below “A” line J ML Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay K,L,M,N 

Liquid limit - not dried Organic silt K,L,M,O 

Silts and Clays: 
Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay K,L,M 
PI plots below “A” line MH Elastic Silt K,L,M 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay K,L,M,P 

Liquid limit - not dried Organic silt K,L,M,Q 
Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 
 

A Based on the material passing the 3-in. (75-mm) sieve 
B If field sample contained cobbles or boulders, or both, add “with cobbles or 

boulders, or both” to group name. 
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded gravel 

with silt, GW-GC well-graded gravel with clay, GP-GM poorly graded gravel 
with silt, GP-GC poorly graded gravel with clay. 

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded sand with 
silt, SW-SC well-graded sand with clay, SP-SM poorly graded sand with silt, SP-
SC poorly graded sand with clay 

E Cu = D60/D10     Cc = 
6010

2

30

DxD

)(D
 

F If soil contains  15% sand, add “with sand” to group name. 
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

 

H If fines are organic, add “with organic fines” to group name. 
I If soil contains  15% gravel, add “with gravel” to group name. 
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with gravel,” 

whichever is predominant. 
L If soil contains  30% plus No. 200 predominantly sand, add “sandy” to group 

name. 
M If soil contains  30% plus No. 200, predominantly gravel, add “gravelly” to 

group name. 
N PI  4 and plots on or above “A” line. 
O PI  4 or plots below “A” line. 
P PI plots on or above “A” line. 
Q PI plots below “A” line. 
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Geotechnical Engineering Design Report 

Tumwater Readiness Center 

Tumwater, WA  

 

This report presents the results of our geotechnical engineering design study for the Tumwater 

Readiness Center (TRC) north site option in Tumwater, WA. We previously completed a geotechnical 

engineering design study for the central site location and prepared a draft report dated April 5, 2016. 

Due to the presence of potentially liquefiable soils to a depth of about 25 feet at the central site 

location, a new design study was requested at the north site. The proposed readiness center includes a 

two‐story building, military vehicle storage, military owned vehicle parking, and privately owned 

vehicle (POV) parking. A Vicinity Map showing the site location is on Figure 1. 

This report is divided into several sections. Following the introduction, which describes the 

organization and purpose of this report, our principal geotechnical engineering design 

recommendations are organized as follows: 

 Project Background; 

 Geotechnical Engineering Conclusions and Recommendations; and 

 Geotechnical Recommendations for Construction 

Our scope of work included: 

 Reviewing existing data and reports for the site; 

 Advancing 15 borings (4 as part of the north site option preliminary investigation) and completing 

two borings as monitoring well installations; 

 Excavating 18 test pits; 

 Performing two pilot infiltration tests (PIT); 

 Monitoring long‐term groundwater levels through the balance of the 2016 rainy season in four on‐

site monitoring wells; 

 Testing soil samples in our laboratory; 

 Completing geotechnical engineering analyses; and 

 Producing this geotechnical engineering design report. 

 

We completed this work in general accordance with amendment 1 (dated September 12, 2016) to our 

original agreement (dated January 20, 2016). This report is for the exclusive use of Schreiber Starling 

Whitehead Architects1; Washington Military Department; and their consultants for specific application 

to the subject project and site. We completed this work in accordance with generally accepted 

geotechnical engineering practices for the nature and conditions of the work completed in the same or 

                                                            
 
 
1 Previously Schreiber, Starling, and Lane Architects, PS 
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similar localities, at the time the work was performed. We make no other warranty, express or 

implied. 

PROJECT BACKGROUND 

Site and Project Description 

Our understanding of the project is based on information provided in the State of Washington Military 

Department’s Predesign Study dated April 20, 2015 and the north site option preliminary schematic 

design provided by Schreiber Starling Whitehead Architects dated September 29, 2016. The proposed 

TRC site is located in Tumwater, Washington immediately east of Interstate 5 between Exits 101 and 

99 and west of the Olympia Regional Airport. Figure 1 shows the project location on a Vicinity Map. It 

is bounded by Frontage Road to the north, Kimmie Road and a number of residential properties to the 

east, undeveloped land to the south, and Interstate 5 to the west. The TRC site is 53 acres in size with 

proposed development covering approximately 10 acres at the north end of the site (Figure 2).   

The overall site consists largely of undeveloped land which was selectively logged in the past and is 

now partially reforested. A trucking company occupied the north end of the property approximately 

30 years ago, and several minor structures remain from that time.  

The site topography over the proposed north site development area generally slopes gently down 

from east to west with elevations generally ranging between 189 and 194 feet, based on survey 

information provided by AHBL dated March 28, 2016. Note all elevations presented in this report are 

relative to NAVD 88. 

We understand that the proposed TRC will consist of a two‐story, approximately 82,000 gross‐square‐

foot (gsf) readiness center building, military vehicle (MILV) parking, 29,700 gsf unheated vehicle 

storage building, and private vehicle (POV) parking. The proposed site plan is shown on Figure 2 (note 

this figure only depicts the northern portion of the site). 

We performed our analysis and prepared this report in general accordance with the 2012 International 

Building Code (IBC). 

Subsurface Conditions 

Our understanding of the subsurface conditions is based on borings, test pits, and laboratory analyses 

performed by Hart Crowser for this project, as well as historical explorations in the project vicinity. The 

borings performed for this project include 4 borings conducted as part of the north site option 

preliminary investigation. The boring logs by Hart Crowser are provided in Appendix A and the 

laboratory analysis by Hart Crowser is in Appendix B. Historical exploration logs reviewed are included 

in Appendix C of this report. Results for infiltration testing performed on site are presented in 

Appendix D. 

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

project site and actual conditions in other areas could vary. Furthermore, the nature and extent of any 
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variations may not become evident until additional explorations are performed or until construction 

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

recommendations accordingly to reflect actual site conditions. 

Soil Conditions 

From June 29 to 30, 2016, we drilled four borings (HC‐1 through HC‐4) at the previously proposed 

approximate corners of the north site option structures. After this preliminary investigation, we 

conducted a full subsurface investigation of the north site option, advancing eleven additional borings 

(HC‐101 through HC‐MW‐111) and excavating eighteen test pits (TP‐101 through TP‐118) across the 

project site from August 30 to September 9, 2016 . Locations of the soil explorations are illustrated on 

our site and exploration plan (Figure 2) and two subsurface cross section through the proposed 

development area are shown on Figure 3 and 4. 

The soil layers observed during the field explorations program were broadly categorized based on their 

engineering properties into Engineering Soil Units (ESU). In general, the soils observed in the 

explorations consist of the following soil units, described in the order they were encountered from the 

ground surface down. 

 ESU 1 – Loose to Medium Dense Silty Sand. From the ground surface to a depth generally ranging 

from 1 to 5 feet below ground surface (bgs) the borings encountered loose to medium dense, 

slightly silty to silty sand. In general, this layer is not suitable for foundation bearing and is 

susceptible to liquefaction under the IBC design earthquake conditions, during periods of high 

groundwater levels.  

 ESU 2 – Medium Dense to Dense Sandy Gravel. A medium dense to dense sandy gravel unit was 

encountered directly under ESU 1 and extended to depths ranging from 20 to 27 feet bgs. This unit 

was generally observed to vary between sandy to very sandy gravel and very gravelly sand with 

trace amounts of silt and layers of sand. Isolated zones of this soil unit are potentially susceptible 

to liquefaction under the IBC design earthquake. As long as structures are designed to tolerate the 

estimated liquefaction‐induced settlement, this layer is suitable for shallow foundation support. 

 ESU 3 – Dense to Very Dense Gravel. A very dense sand and gravel unit was encountered directly 

under ESU 2. This unit was observed to be sandy to very sandy gravel with occasional sand seams 

that extended to the bottom of all the borings drilled. This layer does not appear to be susceptible 

to liquefaction under the IBC design earthquake and is suitable for foundation support. 

Groundwater 

Groundwater was encountered during drilling the borings for the north site option investigation. 

Groundwater levels observed at time of drilling (ATD) in HC‐1 through HC‐4 (preliminary investigation) 

ranged from about 7.5 to 11 feet bgs, or approximately elevation 181 to 184 feet. Groundwater levels 

observed ATD in the August and September investigation ranged from about 11.5 to 16.5 feet bgs, or 

approximately elevation 177 to 180 feet. Groundwater levels from measurements in monitoring wells 

are more reliable than ATD groundwater levels, as the groundwater takes time to reach equilibrium 
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after the disturbance from drilling. Two existing wells are located at the north site location (Figure 2): a 

monitoring well (BAH‐815) and a groundwater supply well (GSW‐1). Measurements in these wells on 

June 30, 2016 during the preliminary investigation indicated groundwater was about 9 to 10 feet bgs, 

or approximately elevation 183 feet.  

Note that the groundwater levels were obtained on the dates and at the times indicated on the logs. 

Groundwater elevations vary depending on location, season, and precipitation.  

Long‐term groundwater level monitoring was performed from the beginning of March through mid to 

late June 2016 at the central site location (summary memorandum provided August 4, 2016). This 

long‐term groundwater data generally showed the central portion of the site had peak groundwater 

elevations of about 193 feet in mid‐March 2016. Based on comparison of groundwater level 

measurements in BAH‐821 at the central site location and in BAH‐815 and GSW‐1 at the north site 

location on June 30, 2016, it appears the groundwater at the north site is approximately 2 feet lower 

than at the central site location. Our preliminary estimate of the design groundwater level at the north 

end is about elevation 191 feet.  

We did not assess conditions at the north end during our original fieldwork for the central site 

location. However, the preliminary design groundwater elevation of 191 feet appears approximately 

consistent with the surveyed ponded water elevation of 190 feet at the north end by AHBL on 

March 15, 2016. To better estimate what the design groundwater level should be at the north end, 

we have installed four pressure transducers, three in the north site and one in the central site, to 

provide long‐term groundwater monitoring. The 2015‐2016 rainy season appeared to be the wettest 

on record and produced higher groundwater levels than estimated from the previous regression 

analysis for the site. Because of this we will perform new regression analyses using the four newly 

installed transducers. We will provide a preliminary regression analysis after about two months of 

groundwater data collection and a final regression analysis utilizing data through the 2016‐17 rainy 

season. This will allow us to better correlate north end groundwater elevations with those measured 

at the central site location from March 2016 through June 2016.  

Upon completion of long‐term groundwater level monitoring, we will provide a memo documenting 

our findings and any revised recommendations as necessary. In general, geotechnical analysis and 

recommendations are not likely to be significantly affected by minor changes in design groundwater 

following completion of long‐term monitoring; however, infiltration and building siting may be 

affected.  

Infiltration Testing 

Our scope of work included two pilot infiltration tests (PITs). PIT‐101 was conducted at a depth of 1.5 

feet with the bottom of the test cell located within ESU 1 – slightly silty fine to medium sand. PIT‐102 

was conducted at a depth of 2 feet with the bottom of the test cell located within ESU 2 – very sandy 

gravel. The infiltration tests provided design infiltration rates in Table 1 below. Because ESU 1 was 

stripped from the test cell in PIT‐102, design infiltration rates are representative more of the 

engineering soil unit in which they were conducted rather than their geographic location. If on‐site 
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soils are compacted due to construction related activities, design infiltration rates will be lower than 

provided below.  

Table 1 – Design Infiltration Rates 

PIT/ESU 

Design Rate 

(inches/hour) 

PIT-101 (ESU-1) 3 

PIT-102 (ESU-2)  7 

 

PITs were conducted from September 12 to 16, 2016 with results shown in Appendix D. Grain size 

distribution results from the PITs can be found on figure B‐7 of Appendix B. 

GEOTECHNICAL ENGINEERING CONCLUSIONS AND 

RECOMMENDATIONS 

Our recommendations are based on our current understanding of the project and the subsurface 

conditions interpreted from explorations at and near the site by Hart Crowser and others. If the nature 

or location of the facilities is different than we have assumed, we should be notified so we can review, 

change, and/or confirm our recommendations. 

Earthquake Engineering 

The site is located in a seismically active area. In this section, we describe the seismic setting at the 

project site, provide seismic design parameters, and discuss earthquake‐induced geotechnical hazards. 

Seismic Setting 

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

offshore Juan de Fuca Plate subducts beneath the continental North American Plate. Three types of 

earthquakes are associated with subduction zones: intraslab subduction, interface subduction, and 

crustal earthquakes. 

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

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

occur at shallow depths near the Washington coast at the interface between the two plates (e.g., the 

1700 earthquake with magnitude of approximately 9.0). A deeper zone of seismicity is associated with 

bending of the Juan de Fuca Plate below the Puget Sound Region that produces intraslab subduction 

earthquakes at depths of 40 to 70 kilometers (e.g., the 1949, 1965, and 2001 earthquakes). 

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

shallow zone of crustal seismicity (e.g., Seattle and Tacoma Faults) which may have surficial 

expressions and can extend 25 to 30 kilometers deep.  
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Seismic Basis of Design 

We understand that the TRC must meet the seismic design requirements of the 2012 IBC. The basis of 

structural design for the IBC is two‐thirds of the hazard associated with the Risk‐Targeted Maximum 

Considered Earthquake (MCER). The basis of soil liquefaction evaluation for the IBC is the Maximum 

Considered Earthquake Geometric Mean (MCEG) Peak Ground Acceleration (PGA), which is not 

adjusted for targeted risk. The Maximum Considered Earthquake for IBC is a seismic event with 2 

percent probability of exceedance in 50 years, which corresponds to an average return period of 2,475 

years (often referred to as the 2,500‐year event). The probability for such an event to occur during the 

design life of the structure is considered low. A design objective for the IBC earthquake is that if this 

event occurs, the structure may experience a major failure but still maintain life safety. Therefore, the 

structure should be designed to have adequate strength and ductility to prevent collapse. Note, 

however, that stricter performance criteria apply for essential facilities.  

Seismic Design Parameters 

We obtained the seismic hazard parameters for the MCER and MCEG from the United States Geologic 

Survey U.S. Seismic Design Maps (USGS 2014) for the site location at Latitude 46.966 and Longitude 

122.932. We provide the seismic design parameters in accordance with 2012 IBC in Table 2. Note 

that these parameters correspond to Soil Site Class B and should be adjusted for the actual site soil 

using the site coefficients provided. 

Table 2 – 2012 IBC Seismic Design Parameters 

Parameter Value 

Latitude  46.966 

Longitude –122.932 

Site Class (based on liquefaction susceptibility / based on SPT) – see text F / D 

Assumed Design Site Class for Site Coefficients Provided – see text D 

Structural Design 

Risk Category IV 

Mapped MCER spectral response acceleration at short periods, SS 1.299 g 

Mapped MCER spectral response acceleration at 1-second periods, S1 0.540 g 

Site Coefficient, Fa 1.0 

Site Coefficient, Fv 1.5 

Liquefaction Evaluation 

Mapped MCEG peak ground acceleration, PGA 0.5 g 

Magnitude (mean) from USGS (2008) hazard deaggregation 7.42 

Site Coefficient, FPGA 1.0 

 

As indicated in Table 1, the Site Class is F based on liquefaction potential (see the following section). 

According to IBC, structures built on Site Class F soil profiles require site‐specific site response analysis. 

However, the IBC provides an exception for structures having fundamental periods of vibration equal 

to or less than 0.5 second on Site Class F soils; for these structures, a site class is permitted to be 

determined based on in situ testing and soil properties. Based on communication with the structural 
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engineer (PCS) it is anticipated the building period will be 0.5 seconds or less. Assuming the IBC 

exception will apply, the soil site class was determined based on a weighted average of the blow 

counts observed to a depth of 100 feet bgs (extrapolating to 100 feet, as necessary). Based on this 

method for determining site class the site soils are Site Class D. We recommend using Site Class D for 

determining site coefficients. A site‐specific site response analysis will be required if the building 

fundamental period of vibration is greater than 0.5 second. 

Seismically Induced Geotechnical Hazards 

Potential seismically induced geotechnical hazards may include surface rupture, liquefaction, lateral 

spreading, and landslides. Our review of these hazards is based on the soils encountered in our 

explorations, regional experience, and our knowledge of local seismicity. 

Surface Rupture 

There are no mapped crustal faults in the direct vicinity of Tumwater. However, there is a contribution 

to the seismic hazard from gridded crustal seismicity. Gridded sources (or seismicity‐based background 

sources) estimate seismicity of unidentified or uncharacterized faults by spatially smoothing historical 

seismicity. In our opinion, the risk of surface rupture at this site is low. 

Liquefaction and Settlement 

Liquefaction is caused by a rapid increase in excess porewater pressure that reduces the effective 

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

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

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

earthquake are the result of excess porewater pressures dissipating upward, carrying soil particles 

with the draining water. In general, loose, saturated sandy soils with low silt and clay content are 

susceptible to liquefaction. Silty soils with low plasticity are also susceptible to liquefaction. For any 

soil type, the soil must be saturated for liquefaction to occur. Liquefaction can cause ground surface 

settlement and lateral spreading. We used empirical methods to estimate liquefaction potential based 

on the SPT data obtained at the site. We used SPT‐based liquefaction triggering procedures after Idriss 

and Boulanger (2008). 

Due to some uncertainty in the liquefaction triggering analysis methods, we assume soil layers with a 

factor of safety against liquefaction (FSliq) of less than or equal to 1.1 are assumed to be susceptible 

liquefy, while soil layers with an FSliq greater than 1.1 are generally considered not susceptible to 

liquefaction. 

 

Subsurface conditions and our analyses indicate that the susceptibility of ESU 1 to liquefaction is high. 

Figures 3 and 4 present the results of the liquefaction triggering analysis along the subsurface profiles 

for the IBC earthquake.  

Post‐liquefaction settlement results from densification and redistribution of liquefiable soils after an 

earthquake. The ground surface may not settle uniformly across the area of liquefaction, so 
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differential settlement may be greater than the difference in settlement predicted at each boring 

location. We estimated liquefaction‐induced ground surface settlement using SPT corrections by Idriss 

and Boulanger (2008) and volumetric strain formulations by Ishihara and Yoshimine (1992). Estimates 

of liquefaction‐induced settlement at the ground surface of the borings that fall within or near the 

building footprint are generally less than 2 inches. HC‐105 showed slightly higher liquefaction induced 

settlement than the other 15 borings we reviewed and was considered to be an anomaly. This may be 

the influence of previous man‐made activities such as a previous excavation and backfilling. Estimated 

liquefaction‐induced settlements outside (primarily to the south) of the building area could be up to 3 

to 4 inches. 

If mitigation options to address liquefaction susceptibility are deemed necessary, ground improvement 

or deep foundations are possibilities. 

Lateral Spreading  

Lateral spreading is typically associated with lateral movement on sloping ground or ground near a 

steep slope, and is caused by liquefaction or a shear strength reduction of soils within or under a slope. 

Lateral spreading can affect a structure by increasing the lateral force exerted on the subsurface walls 

or within pile foundations. Given the generally flat site gradient, the risk of lateral spreading is 

considered low and does not warrant special design considerations. 

Landslides 

Based on the site location, slope inclination, and lack of reported landslides in the area, the landslide 
hazard at the site is considered low. 

General Considerations 

We understand from discussions with the civil engineer (AHBL) and review of the predesign 

documents that Thurston County requires the finish floor elevation of structures be a minimum of 

three feet above the high groundwater. Based on available groundwater measurements, we assume 

the high groundwater level at the site is at about elevation 191 feet (NAVD 88). Based on Thurston 

County requirements the minimum finish floor elevation is assumed to be 194 feet, which is close to 

the existing grades. However, for consideration of separation for infiltration facilities the minimum 

finish floor elevation is estimated to be 4.25 to 6 feet above the high groundwater level, or elevation 

195.25 to 197 feet, which would require raising grades over significant portions of the site. 

Additionally, long‐term monitoring is on‐going, which could increase the high groundwater elevation 

and the proposed site grade elevations. 

Building Foundations 

Based on our field observations, subsurface explorations, and liquefaction susceptibility analysis and 

the essential facility classification, shallow foundations appear feasible for support of the TRC 

structures at the north site, if the structures are designed to tolerate the potential liquefaction‐

induced differential settlement following the design earthquake (approximately 2 inches). Discussions 

with the design team regarding the preliminary post‐liquefaction settlement of shallow foundations 
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indicates the building would meet both life safety and essential facilities functionality after the design 

earthquake. However, there may be the need for minor re‐leveling of slabs, cosmetic repair of 

cracking, etc. If this potential, minor damage is not acceptable, we can assess options for mitigating 

liquefaction (e.g., ground improvement) or structurally supporting structures on non‐liquefiable soils 

(e.g., deep foundations). 

We recommend a maximum net allowable bearing capacity of 4,000 psf for foundation bearing on ESU 

2 (Medium Dense to Dense Sandy Gravel), or structural fill if localized overexcavation is necessary. 

Note that a minimum net allowable bearing pressure of 2,000 psf is required by the National Guard 

Bureau. For typical buildings constructed at grade, foundations would typically bear approximately 3 

feet below grade, which is near the top of the Medium Dense to Dense Sand and Gravel. Because the 

site grades will be raised to accommodate the high groundwater elevation, some local overexcavation 

and replacement of ESU 1 (Loose to Medium Dense Silty Sand) may be required prior to raising grade. 

Alternatively, shallow foundations could be constructed on the Medium Dense to Dense Sand and 

Gravel prior to raising the site grade with thicker footings or taller embedded columns.  

Other recommendations for design of shallow footings include: 

 Isolated and strip footings should have a minimum width of 24 and 18 inches, respectively. Place 

the base of all footings at least 18 inches below the lowest adjacent grade for consideration of 

frost protection. 

 Depth of footings should also ensure that they are founded outside of an imaginary 1H:1V plane 

projected upward from the nearest bottom edge of adjacent footings or utility trenches. 

Foundation Resistance to Lateral Loads 

For shallow foundations, resistance to lateral loads is from passive soil resistance against the side(s) of 

the footing and frictional resistance along the base of the footing. For passive resistance to lateral 

loads, we recommend applying passive equivalent fluid pressure and sliding resistance using the 

values in Table 3. A factor of safety of at least 1.5 has been applied to these values. The allowable 

coefficient of friction provided assumes that the footing concrete is poured neat against the native 

soil. The allowable passive resistance assumes structural backfill will be placed in accordance with the 

recommendations in our report in the passive zone on the sides of the foundations. 

Table 3 – Passive Resistance to Lateral Loads for Spread Foundations 

Soil Type 
Allowable Passive Equivalent 

Fluid Density 

Allowable Coefficient of 

Friction 

ESU 1 
200 pcf above water 

100 pcf below water 
N/Aa 

ESU 2 or Structural Fill 
300 pcf above water 

150 pcf below water 
0.3 

Notes: 

a. Bottom of foundations should not be located in ESU 1 
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Floor Slab 

We anticipate that the floor slab for the TRC building will be constructed as a slab‐on‐grade. We 

recommend the floor slab be underlain by a capillary break/drainage layer. 

In general the upper 0.5 to 2 feet of ESU 1 contains forest duff, topsoil, and organics throughout the 

site. Where encountered, we recommend overexcavating the portions of the near surface ESU 1 unit 

that contain debris or significant organic material (roots and organic silt) up to 2 feet deep below the 

bottom of the floor slab and replacing with structural fill (includes the thickness of the capillary 

break/drainage layer). Where structural fill will be used to raise grade, at a minimum near surface soils 

(approximately upper 0.5 feet) with the most significant organics should be stripped off, and the final 

depth from the top of the raised subgrade to the top of native soils with limited organics that may still 

be present should be at least 2 feet.    

Subgrade conditions should be verified in the field by proof‐rolling the subgrade soils. If soft spots are 

encountered during preparation of the subgrade, they should be overexcavated and replaced with 

structural fill. We make the following recommendations: 

 Compact the capillary break/drainage layer beneath the slab‐on‐grade as described for 

compaction of structural fill in this report. 

 We assume site grades will be raised and floor slabs will be constructed on structural fill. For 

preliminary design, we recommend using a modulus of subgrade reaction in the range of 100 to 

250 pci for design of floor slabs on structural fill. 

 Sliding friction between the slab in direct contact with the capillary break/drainage layer may be 

determined using an allowable coefficient of 0.3. If a vapor barrier is placed between the slab and 

the capillary break/drainage layer the interface allowable sliding coefficient should be neglected. 

The above recommendations are based on anticipated conditions and should be confirmed in the 

field. It should be noted that many variables, including weather conditions and construction 

techniques could affect the suitability of in situ soil as slab support. 

Permanent Drainage 

Groundwater is anticipated to be below the elevation of the proposed development, based on raising 

site grade to maintain a minimum separation of 3 feet between the highest anticipated groundwater 

elevation. Unanticipated groundwater level fluctuations may occur, posing potential issues that can be 

readily handled by following the recommendations below. 

Foundation and Under Slab Drainage 

We recommend the following for permanent drainage of the floor slab around the structure. 
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 Install perimeter drains near the base of perimeter wall footings. The perimeter drains should be a 

minimum 4‐inch‐diameter perforated pipe and should be surrounded by at least 6 inches of 

drainage material. All drainage pipes should be sloped to drain. 

 All slabs should be underlain directly by a capillary break/drainage layer at least 6 inches thick 

hydraulically connected to the perimeter drains. 

 The capillary break/drainage layer should consist of well‐graded, free‐draining sand and gravel 

with less than 3 percent fines based on the minus 3/4‐inch fraction. This layer is intended to 

reduce the potential buildup of hydrostatic pressures beneath the slab and to provide a hydraulic 

connection to the perimeter drains. 

 Compact the capillary break/drainage layer to the criteria of structural fill in in this report. 

Site Drainage 

The site should be graded in such a way that surface water will not pond near the structures. Roof 

drains should not be connected to the subgrade drainage system and should be sloped and tightlined 

to a suitable outlet away from the proposed building. 

Pavement Design 

We recommend that all pavement sections be constructed over a subgrade surface consisting of either 

non‐yielding native bearing soil or compacted structural fill. In general, the upper 0.5 to 2 feet of ESU 1 

contains forest duff, topsoil, and organics throughout the site. Where encountered, we recommend 

overexcavating the portions of ESU 1 that contain debris or significant organic material up to 2 feet 

deep below the bottom of the pavement and replacing with structural fill. Where structural fill will be 

used to raise grade, at a minimum near surface soils (approximately upper 0.5 feet) with the most 

significant organics should be stripped off, and the final depth from the top of the raised subgrade to 

the top of native soils with organics should be at least 2 feet.  

Ground surface settlement due to potential liquefaction was estimated for the IBC design earthquake. 

This provides an estimate of the magnitude of settlement the pavement would need to accommodate 

(approximately 2 inches). It is likely damage to pavement areas would occur that would need to be 

repaired after the earthquake, if liquefaction is not mitigated in these areas. The disruption of 

uneven/damaged pavement needs to be assessed relative to the vehicles that will need to access or 

depart from these areas following a design level earthquake. If mitigation is determined to be 

necessary, ground improvement may be necessary in critical pavement areas.  

Pervious Pavement 

We understand pervious pavement is being considered for the paved areas of the TRC: concrete 

sections in areas with heavy military vehicle loading and asphalt sections in areas of personal vehicle 

use. The WSDOT Pavement Policy (WSDOT 2015) recommends pervious pavements be considered for 

application to sidewalks, bicycle trails, light vehicle access areas, public and municipal parking lots, and 
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driveways. In general, pervious pavement is typically applied to very low volume, slow speed locations 

with infrequent truck traffic. 

Traffic Loading 

Traffic loading assumptions are based on information provided by Schreiber Starling Whitehead and 

Washington State Military Department. Table 4 provides vehicle types and respective axle loads for 

vehicles that will access the TRC. We understand the military vehicles will be stored onsite the majority 

of the time and only used once a month with trips to and from the nearby Joint Base Lewis McChord 

(JBLM) or the Yakima Training Center. Personal vehicles of TRC employees will access the site daily, 

with the possibility of personal vehicle use in the evening for recreational activities. The resulting 

traffic loading yields relatively high vehicle and axle weights with a low number of passes, requiring the 

typical Equivalent Single Axle Load (ESAL) application for pavement design to be used in conjunction 

with engineering judgment.  

 

Table 4 – Vehicle Loading for Pavement Section Design 

Vehicle Total Weight (lbs) Number of Axlesa 
Individual Axle 

Load (lbs)b 

Passenger Car 6,000 2 3,000 

Humvee 16,000 2 8,000 

L-ATV 30,000 2 15,000 

M35 18,000 2 9,000 

M777 Howitzer 9,300 1 9,300 

Stryker 50,000 4 12,500 

HEMTT 76,000 4 19,000 

LMTV 35,000 2 17,500 

Notes: 
a. M35 vehicle consists of one front steering axle and one rear dual tandem axle. All other axles are 
single axles. 
b. Even distribution of vehicle weight across axles is assumed 
 

Design Parameters 

Infiltration rates and necessary stormwater storage capacity of the pavement section have been 

assessed by the Civil Engineer (AHBL). We used the following design parameters to obtain minimum 

layer thicknesses of the pavement sections to achieve structural capacity under the assumed traffic 
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loading. Material specifications are typically provided by specific vendors since the type of material has 

a direct effect on hydraulic storage capacity. Once a final pavement section is determined, we should 

be notified to verify the section complies with assumed design strength parameters. 

Soil Subgrade 

Although site grading may result in pavement sections being founded on structural fill in some 

locations, pavement sections were designed to bear in ESU 1. A resilient modulus of 3,000 pounds per 

square inch (psi) was used for ESU 1, which is consistent with recommended values from the 

PerviousPave Software by the American Concrete Pavement Association (ACPA 2010). 

Sand Treatment Layer 

We understand a minimum 18‐inch sand treatment layer is required for filtration of potential 

contaminants in the surface water. We assumed this layer will consist of clean fine to medium sand 

with a resilient modulus of 3,000 psi. 

Aggregate Storage Layer 

We understand approximately 6 inches of permeable ballast is required as a reservoir layer for 

stormwater storage under the design storm event conditions. A resilient modulus of 20,000 psi, a 

structural layer coefficient of 0.10, and a drainage coefficient of 0.8 were assumed for structural 

design of pavement sections. A minimum 2‐inch (and maximum 4‐inch) layer of smaller 

choker/leveling aggregate should be placed between the permeable ballast and the pavement to 

provide a smooth surface for application of the pavement surfacing. 

Permeable Asphalt Concrete (AC) 

A structural layer coefficient of 0.35 was used for design of asphalt concrete sections. This is a reduced 

value from the WSDOT recommended 0.5 for conventional hot mix AC. 

Permeable Portland Cement Concrete (PCC) 

For permeable PCC section design we used an elastic modulus of 2,500,000 psi, typical of permeable 

concrete with a minimum flexural strength of 350 psi and a slump between 0 and 1 inch. 

Pavement Sections 

The following are preliminary pavement sections. When specific permeability rates and necessary 

storage capacity of the pavement section materials is determined, we will confirm the structural 

capacity. 

Personally Owned Vehicle (POV) Areas 

For POV areas, we recommend using 6 inches of permeable AC, over 6 inches of permeable ballast 

storage rock, placed on a geotextile drainage filter fabric, over 18 inches of a sand treatment layer, and 

founded on native soil subgrade or structural fill. If PCC sections are required in POV areas, we 

recommend replacing the 6‐inch AC section with 8 inches of undoweled permeable PCC per WSDOT 

Pavement Policy minimum thickness requirements. Asphaltic permeable pavement should not be 

applied to areas that will receive anything but POVs. 
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Military Vehicle Parking, Storage, and Access Areas 

For areas that will experience military vehicle loading, we recommend using 10 inches of undoweled 

permeable PCC, over 6 inches of permeable ballast storage rock, placed on a geotextile drainage filter 

fabric, over 18 inches of a sand treatment layer, and founded on native soil subgrade or structural fill. 

Utility Considerations 

Ground surface settlement due to potential liquefaction was estimated for the IBC design earthquake 

at the locations of the 15 borings across the project site. While the ground surface under the building 

footprint has the potential for liquefaction induced settlement up to 2 inches, utilities around the 

building perimeter and in the paved areas may be subject to up to about 3 to 4 inches of settlement. If 

no interruption in utility service is desired, utilities will need to be designed to accommodate the 

differential settlement, or emergency backup accommodations would be required. 

GEOTECHNICAL RECOMMENDATIONS FOR 

CONSTRUCTION 

General Considerations 

A qualified geotechnical representative should be on site to note compliance with the design concepts, 

specifications, or recommendations, and to allow design changes or evaluation of appropriate 

construction measures in the event that subsurface conditions differ from those anticipated prior to 

the start of construction. At a minimum, the representative should observe: 

 Excavation and preparation of subgrade for fill placement, pavement, and floor slabs. 

 Placement and testing of compacted material. 

 Installation of the permanent drainage system. 

 Preparation of shallow foundation subgrades. 

The purpose of these observations and services is to note compliance with the design concepts, 

specifications, or recommendations, and to allow design changes or evaluation of appropriate 

construction measures in the event that subsurface conditions differ from those anticipated before 

construction starts. 

Site Preparation and Grading  

Site preparation may involve demolishing existing buildings and foundations, removing pavement, 

surface vegetation and landscaping, and removing other obstructions that may interfere with new 

construction. All visible organic material (sod, humus, roots, and/or other plant material), debris, and 

other unsuitable material should be removed from subgrade areas. We recommend conducting all site 

grading and paving, as well as any utility trenching, during relatively dry weather.  
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It may be necessary to relocate or abandon some utilities. Excavation of these utility lines will probably 

occur through fill. Abandoned underground utilities should be removed or completely grouted. The 

ends of remaining abandoned utility lines should be sealed to prevent soil or water from entering the 

pipe. Soft or loose backfill should be removed, and excavations should be backfilled with structural fill. 

Coordination with the utility owners is generally required to address existing utilities.  

Permeable Pavement 

We recommend that the permeable pavement be constructed by a contractor with at least 3 years of 

successful experience with permeable pavements. The soil subgrade beneath permeable pavements 

should be relatively flat (less than 3 percent slope) to prevent uneven ponding of water. The subgrade 

should be cut from the edges and not trafficked by heavy machinery. Native subgrade soils should be 

compacted to a depth of 6 inches using a lightweight static steel drum roller to retain the subgrade’s 

natural infiltration rate or no more than 90 percent of the maximum dry density as determined by the 

modified Proctor (ASTM D 1557) test method. If heavy compaction of the subgrade occurs, tilling may 

be necessary to a depth of 2 feet or more below material placement. 

A layer of geotextile drainage filter fabric should be placed above the sand treatment layer to prevent 

migration fines between material types. The geotextile should meet WSDOT Standard Specifications 

(WSS 2016) 9‐33.2 Table 1 for moderate survivability and WSS 9‐33.2 Table 2 for Class A permittivity. 

The geotextile should be installed in conformance with WSS 2‐12 – Construction Geotextile. 

The sand treatment layer should be relatively flat (less than 3 percent slope) to prevent uneven 

ponding of water within the storage aggregate. The treatment layer should be placed in maximum 12‐

inch‐thick lifts and compacted with a lightweight static steel drum roller or small vibratory sled plate 

compactor. 

Permeable ballast and choker/leveling layer should be placed in maximum 12‐inch lifts and compacted 

until proofrolling indicates that a firm, unyielding surface is present. A qualified geotechnical 

representative should be on site to observe proofrolling. 

Landscaping areas that are adjacent to pervious pavements should be designed to prevent runoff from 

washing over the pavements, otherwise sediment can clog the pervious materials. 

During and after construction, stockpiles of landscaping materials (i.e., topsoil, bark dust, etc.) and 

construction materials (i.e., sand, gravel, etc.) should not be placed on the pervious pavements. 

Extreme care should be taken to prevent trafficking of muddy construction equipment over pervious 

pavements.  

Maintenance should consist of periodic cleaning by vacuuming and flushing with high volume water at 

low pressures. Based on available information, vacuuming and flushing should occur at least one time 

per year. We note that sweeping is not an effective method for cleaning of pervious pavements, in fact 

available information indicates that sweeping may decrease the permeability of pervious pavements 

by clogging pores. 
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Foundations and Floor Slabs 

A qualified geotechnical representative should be on site to assess and document the suitability of the 

subgrade during construction, prior to placement of footings or concrete. Compact all exposed 

subgrades to a firm, non‐yielding condition. Subgrades will need to be protected from groundwater, 

surface water, and precipitation. Softened subgrades will need to be overexcavated and replaced with 

suitable structural fill, or lean mix depending on the location.  

Given the soil conditions encountered in the borings and test pits, we expect that conditions will not 

be favorable for working on the native soils during the wet season. We recommend that the 

contractor consider grading during drier months and placing a 4‐inch lean concrete mud slab to 

protect exposed subgrades below slabs on grade and footing excavations. The mud slab should be 

poured before placing the drainage system. 

Note that if the bottom of the floor slab excavation is soft, wet, or disturbed, the contractor should be 

prepared to place a temporary working surface. This surface cannot count as part of the capillary 

break. 

It may be necessary to build a working surface for equipment to prevent excessive site disturbance 

that could result in additional overexcavation and structural fill placement. 

Structural Fill Selection, Placement, and Compaction  

Backfill placed within the building area, or below paved areas, should be considered structural fill. The 

following sections include our recommendations for structural fill selection, placement, and 

compaction.  

Reuse of Site Soil as Structural Fill  

The suitability of excavated site soils for compacted structural fill will depend upon the gradation and 

moisture content of the soil when it is placed. As the amount of fines (that portion passing the No. 200 

sieve) increases, the soil becomes increasingly sensitive to small changes in moisture content and 

adequate compaction becomes more difficult to achieve. Soil containing more than about 5 percent 

fines cannot be consistently compacted to a dense non yielding condition when the water content is 

greater than about 2 percent above or below optimum. Reusable soil must also be free of organic and 

other unsuitable material.  

Our explorations and laboratory tests indicate that ESU 1, which is the near surface unit in which 

grading will occur appears to vary from zones with about 0 percent fines to zones with about 25 

percent fines. Thus, in general it appears these soils may be difficult to compact to structural fill 

requirements, depending on weather and soil moisture conditions. It may be possible to use some of 

these materials for structural fill, if conditions are favorable or moisture conditioning can be 

accomplished. We recommend Hart Crowser assess the potential suitability of these materials based 

on observations and laboratory testing during construction. Onsite soils that cannot be compacted to 
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the structural fill requirements may be considered for use for non‐structural purposes such as 

landscaping.  

Selection of Import Fill  
For import soil to be used as structural fill, we recommend using a non‐silty, well graded sand or sand 

and gravel with less than 5 percent passing the U.S. No. 200 sieve by dry weight (based on the minus 

3/4‐inch fraction) for imported structural fill placed during wet weather. Compaction of material 

containing more than about 5 percent fine material may be difficult if the material is wet or becomes 

wet during rainy weather. During dry weather, imported soil can contain 20 to 30 percent by weight 

passing the No. 200 mesh sieve (based on the minus 3/4‐inch fraction) provided it is compacted at a 

moisture content within 2 percent of the optimum moisture content.  

Placement and Compaction of Structural Fill  
We make the following recommendations for the placement and compaction of structural fill:  

 Before fill control can begin, the compaction characteristics of proposed fill material must be 

determined from representative samples of the structural and drainage fill. Samples should be 

obtained as soon as possible, but at least 5 days before use on site. A study of compaction 

characteristics should include determination of grain size distribution and optimum and natural 

moisture content of the soil at the time of placement.  

 Structural fill can consist of either imported soil or recompacted on‐site soil, if its moisture content 

is suitable and weather conditions allow.  

 Compact structural fill to a minimum of 95 percent of the maximum dry density (ASTM D 1557) 

test method.  

 Maintain moisture content within 2 percent of the optimum moisture content (ASTM D 1557).  

 Place structural fill only on dense, non‐yielding subgrade soils.  

 Place and compact all structural fill in even lifts with a loose thickness no greater than 10 inches. If 

small, hand‐operated compaction equipment is used to compact structural fill, fill lifts should not 

exceed 6 to 8 inches in loose thickness.  

 In wet subgrade areas, clean material with a gravel content (material coarser than a U.S. No. 4 

sieve) of at least 30 to 35 percent may be necessary.  

 The compacted densities of all lifts should be verified by testing. Any material to be used as 

structural fill should be sampled and tested prior to use on site, to determine its maximum dry 

density and gradation.  

Temporary Open Cuts 

The stability and safety of cut slopes depend on a number of factors, including: 
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 The type and density of the soil; 

 The presence and amount of any seepage; 

 The depth of cut; 

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

material, traffic, structures, etc. and the magnitude of these surcharges; 

 The duration of the open excavation; and 

 The care and methods used by the contractor. 

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

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

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

near surface soils at the site in which grading would be performed would be classified as Type C. We 

make the following recommendations for open cuts: 

 Use a maximum allowable slope for excavation less than 20 feet deep of:  

 1.5H:1V for cuts in Soil Type C. 

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

within the excavation slopes.  

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

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

amount of time that they remain open. 

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

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

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

general. However, more or less stringent requirements may apply depending on field conditions 

and actual surcharge loads. 

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

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

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

construction operation and is continuously at the site to observe the nature and condition of the 

subsurface. All excavations should be made in accordance with all local, state, and federal safety 

requirements. 

Site Drainage 

Due to the high groundwater table and observed standing water in portions of the site, 

groundwater/surface water may be encountered during construction even for shallow excavations and 

grading. The contractor will need to maintain positive site drainage to avoid allowing foundation, slab, 

or pavement subgrades to soften during construction. Generally, we expect that any groundwater 

seepage at the site can likely be temporarily controlled during construction using sumps and pumps. 

However, potential deeper utility installations may encounter more significant groundwater. 
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APPENDIX A 

Field Exploration Methods and Analysis 

This appendix documents the processes Hart Crowser used in determining the nature (and quality) of 

the soil and groundwater underlying the project site addressed by this report. The discussion includes 

information on the following subjects: 

 Explorations and Their Location; 

 Hollow‐Stem Auger Borings; 

 Standard Penetration Test (SPT) Procedures; 

 Excavation of Test Pits; and 

 Monitoring Well Installation 

Explorations and Their Location 

Subsurface explorations for this project include HC‐1 through HC‐4, HC‐101 through HC‐111, and TP‐

101 through TP‐118. The exploration logs within this appendix show our interpretation of the drilling, 

excavating, sampling, and testing data. The logs indicate the depth where the soils change. Note that 

the change may be gradual. In the field, we classified the samples taken from the explorations 

according to the methods presented on Figure A‐1 ‐ Key to Exploration Logs. This figure also provides a 

legend explaining the symbols and abbreviations used in the logs. 

Location of Explorations. Figure 2 shows the location of the explorations. This report shows the actual 

locations and ground surface elevations, presented on the exploration logs, as they were established 

during a site survey by AHBL, dated March 28, 2016.  

Hollow-Stem Auger Borings 

With depths ranging from 29 to 36.5 feet below the ground surface, 15 hollow‐stem auger borings 

were drilled from June 29 to September 7, 2016. The borings used a 3 ¼ ‐inch inside diameter hollow‐

stem auger. The borings were all advanced with a Diedrich 50 track‐mounted drill rig subcontracted by 

Hart Crowser. The drilling was continuously observed by an engineering geologist from Hart Crowser. 

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

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

The borings logs are presented on Figures A‐2 through A‐16 at the end of this appendix. 

Standard Penetration Test (SPT) Procedures 

This test is an approximate measure of soil density and consistency. To be useful, the results must be 

used with engineering judgment in conjunction with other tests. The SPT (as described in ASTM D 

1586) was used to obtain disturbed samples. This test employs a standard 2‐inch outside diameter 

split‐spoon sampler. Using a 140‐pound autohammer, free‐falling 30 inches, the sampler is driven into 

the soil for 18 inches. The number of blows required to drive the sampler the last 12 inches only is the 
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Standard Penetration Resistance. This resistance, or blow count, measures the relative density of 

granular soils and the consistency of cohesive soils. The blow counts are plotted on the boring logs at 

their respective sample depths. 

Soil samples are recovered from the split‐barrel sampler, field classified, and placed into water‐tight 

jars. They are then taken to Hart Crowser's laboratory for further testing. 

In the Event of Hard Driving 

Occasionally very dense materials preclude driving the total 18‐inch sample. When this happens, the 

penetration resistance is entered on logs as follows: 

Penetration less than 6 inches. The log indicates the total number of blows over the number of inches 

of penetration. 

Penetration greater than 6 inches. The blow count noted on the log is the sum of the total number of 

blows completed after the first 6 inches of penetration. This sum is expressed over the number of 

inches driven that exceed the first 6 inches. The number of blows needed to drive the first 6 inches are 

not reported. For example, a blow count series of 12 blows for 6 inches, 30 blows for 6 inches, and 50 

(the maximum number of blows counted within a 6‐inch increment for SPT) for 3 inches would be 

recorded as 80/9. 

Excavation of Test Pits 

18 test pits, designated TP‐101 through TP‐118, were excavated across the site from August 30 to 

September 9, 2016, with a backhoe subcontracted by Hart Crowser. The sides of these excavated pits 

offer direct observation of the subgrade soils. The test pits were located by AHBL the same as the 

borings, and excavated under the direction of a geologist from Hart Crowser. The geologist observed 

the soil exposed in the test pits and reported the findings on a field log. Our geologist took 

representative samples of soil types for testing at Hart Crowser's laboratory. Groundwater levels or 

seepage were noted during excavation. The density/consistency of the soils (as presented 

parenthetically on the test pit logs to indicate their having been estimated) is based on visual 

observation only as disturbed soils cannot be measured for in‐place density in the laboratory. 

The test pit logs are presented on Figures A‐17 through A‐25. 

Monitoring Well Installation 

Two monitoring wells, HC‐MW‐107 and HC‐MW‐111, were installed to allow long‐term groundwater 

level monitoring, assess groundwater quality, and to provide water quality data for the site. The 

monitoring wells were installed on September 6 (HC‐MW‐107) and September 7 (HC‐MW‐111), 2016. 

The boreholes for the wells were drilled using a Diedrich 50 track‐mounted drill rig. Two‐inch‐diameter 

Schedule 80 PVC riser pipe and 1‐1/2‐inch‐diameter 0.020‐inch machine‐slotted screen were used for 

the well casings and screens. The well screen and casing riser were lowered down through the hollow‐
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stem auger/casing/open hole. As the auger/casing was withdrawn, No. 10/20 silica sand was placed in 

the annular space from the base of the boring to approximately 13 feet above the top of the well 

screen in HC‐MW‐107 and 17.5 feet above in HC‐MW‐111. 

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

1 foot below the ground surface. The remaining annular space was backfilled with concrete to 

complete the surface seal. The monitoring wells were each completed with an 8‐inch Morris 

flushmount set in concrete. The monitoring well construction details are illustrated on the boring logs 

on Figures A‐12 and A‐16. 

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

regulations. 
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Key to Exploration Logs
Sample Description

Very soft

Soft

Medium stiff

Stiff

Very stiff

Hard

Approximate
Shear Strength
in TSF

0.125

0.25

0.5

1.0

0.25

0.5

1.0

2.0

Laboratory Test Symbols

Density/Consistency

SAND or GRAVEL
Density

Very loose

Loose

Medium dense

Dense

Very dense

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

Standard
Penetration
Resistance (N)
in Blows/Foot

0

4

10

30

SILT or CLAY
Consistency

to

to

to

to

>50

Liquid Limit
Natural
Plastic Limit

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

GS

CN

UU

CU

CD

QU

DS

K

PP

TV

CBR

MD

AL

PID

CA

DT

OT

Groundwater Seepage
(Test Pits)

Sampling Test Symbols

to

to

to

to

to

>30

<0.125

to

to

to

to

>2.0

Trace

Slightly (clayey, silty, etc.)

Clayey, silty, sandy, gravelly

Very (clayey, silty, etc.)

5

12

30

12

30

50

<5

-

-

-

Water Content in Percent

Little perceptible moisture

Some perceptible moisture, likely below optimum

Likely near optimum moisture content

Much perceptible moisture, likely above optimum

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

4

10

30

50

Standard
Penetration
Resistance (N)
in Blows/Foot

2

4

8

15

30

0

2

4

8

15

Moisture
Dry

Damp

Moist

Wet

Estimated PercentageMinor Constituents

1.5" I.D. Split Spoon

Shelby Tube (Pushed)

Cuttings

Grab (Jar)

Bag

Core Run

3.0" I.D. Split Spoon

Grain Size Classification

Consolidation

Unconsolidated Undrained Triaxial

Consolidated Undrained Triaxial

Consolidated Drained Triaxial

Unconfined Compression

Direct Shear

Permeability

Pocket Penetrometer

  Approximate Compressive Strength in TSF

Torvane

  Approximate Shear Strength in TSF

California Bearing Ratio

Moisture Density Relationship

Atterberg Limits

Photoionization Detector Reading

Chemical Analysis

In Situ Density in PCF

Tests by Others

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

Groundwater Indicators

Sample Key

23
50/3"

S-1

Sample
Number

Blows per
6 inches

12

Sample RecoverySample Type

K
E

Y
 S

H
E

E
T

  
1

9
2

0
2

0
0

-A
P

P
-A

.G
P

J
  

H
C

_
C

O
R

P
.G

D
T

  
1

0
/3

/1
6

LETTERGRAPH

SYMBOLS
MAJOR DIVISIONS

SOIL CLASSIFICATION CHART

PT

OH

CH

MH

OL

CL

ML

SC

SM

SP

COARSE
GRAINED

SOILS

SW

TYPICAL
DESCRIPTIONS

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

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

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

GC

GM

GP

GW

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

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

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

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY SANDS, SAND - CLAY
MIXTURES

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

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

ORGANIC SILTS AND ORGANIC SILTY
CLAYS OF LOW PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS FINE SAND OR
SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY

ORGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

CLEAN
GRAVELS

GRAVELS WITH
FINES

CLEAN SANDS

(LITTLE OR NO FINES)

SANDS WITH
FINES

LIQUID LIMIT
LESS THAN 50

LIQUID LIMIT
GREATER THAN 50

HIGHLY ORGANIC SOILS

NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

GRAVEL
AND

GRAVELLY
SOILS

(APPRECIABLE
AMOUNT OF FINES)

(APPRECIABLE
AMOUNT OF FINES)

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

SAND
AND

SANDY
SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

MORE THAN 50%
OF MATERIAL IS
LARGER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF MATERIAL IS
SMALLER THAN
NO. 200 SIEVE

SIZE

MORE THAN 50%
OF COARSE
FRACTION

PASSING ON NO.
4 SIEVE

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE



B

S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

S-12

3

12

12

9

11

6

6

30

5

8

22

50/5''

3

19

15

9

13

11

8

45

6

13

50/5''

3

19

15

7

15

12

11

36

14

18

ATD

GS

GS

GS

A

SP-SM

GP

SP

GP

GP

2 inches of Sod over loose, moist, red-brown,
slightly silty, fine SAND with scattered small
roots.

Medium dense to dense, moist, gray-brown,
sandy GRAVEL.

Medium dense, wet, gray-brown, very
gravelly SAND with trace silt.

Medium dense to dense, wet, gray-brown,
sandy GRAVEL with occasional gravelly
sand zones.

Very dense, wet, gray-brown, sandy
GRAVEL with possible scattered cobbles.

Bottom of Boring at 35.4 Feet.

Started 06/30/16.

Completed 06/30/16.
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Boring Log HC-1
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TESTS
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PENETRATION RESISTANCE

Sample Blows per Foot

Drill Equipment: Diedrich 50 Track/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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USCS
Class

Location: N 605187.9 E 1033803
Approximate Ground Surface Elevation: 192.55 Feet
Horizontal Datum: WA State Plane S, NAD 83
Vertical Datum: NAVD 88
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Figure A-2
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

5

5

10

5

8

5

12

16

35

30

7

8

9

6

14

8

20

26

50/5''

50/3''

7

9

8

14

17

11

18

50/4''

ATD

GS

SM

GP

SP

GP

SP

GP

2 inches of Forest Duff over (loose), moist,
red-brown, silty, fine SAND, with small roots
and scattered gravel.

Medium dense, moist, brown to gray-brown,
very sandy GRAVEL with trace silt.

Medium dense, moist, gray-brown, fine to
medium SAND with occasional gravel.

Medium dense to dense, moist to wet,
gray-brown, sandy GRAVEL.

Medium dense, wet, gray-brown SAND with
scattered gravel.

Dense to very dense, wet, gray-brown to light
gray, sandy GRAVEL.

Bottom of Boring at 35.7 Feet.

Started 06/29/16.

Completed 06/29/16.
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Sample Blows per Foot

Drill Equipment: Diedrich 50 Track/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 4 inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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Figure A-3

6/16

1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

21

20

20

3

4

11

24

25

24

37

37

35

15

10

19

11

50/5''

50/6''

50/3''

34

50/3''

50/5''

14

15

16

11

39

ATD

GS

GS

SP-SM

GP

GP

GP

GP

SP

2 inches of Sod over (medium dense), moist,
brown, slightly silty, very gravelly SAND with
scattered cobbles.

Cobbles and gravel affecting blow counts;
interpreted as medium dense.

(Medium dense), moist, gray-brown, sandy
GRAVEL with scattered cobbles.

Cobbles and gravel affecting blow counts;
interpreted as medium dense.

Medium dense, wet, sandy GRAVEL with
zones of fine to medium sand.

Medium dense to dense, wet, gray-brown,
sandy GRAVEL.

Very dense, wet, gray-brown to light gray,
very sandy GRAVEL with trace silt.

Very dense, wet, gray SAND with scattered
gravel.

Bottom of Boring at 36.5 Feet.

Started 06/29/16.

Completed 06/29/16.
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Figure A-4
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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B

S-1
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S-3

S-4

S-5
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S-9
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S-11
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38
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100/6''

29
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5
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23

14

6

19

16

42

50/3''

22

25
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11

8

21

16

50/5''

29

ATD

GS

A

SM

GW-GM

SP

GP

GP

SP

2 inches of Sod over (loose), moist, brown,
silty, fine SAND with occasional scattered
gravel and small roots.

(Medium dense), moist to wet, gray-brown,
slightly silty, very sandy GRAVEL.

Medium dense, wet, gray, fine to medium
SAND.

Medium dense to dense, wet, gray-brown,
sandy GRAVEL.

Very dense, wet, gray, sandy GRAVEL with
occasional scattered cobbles.

Very dense, wet, gray SAND with scattered
gravel.

Blows in first six inches affected by heave
and clean-out.

Bottom of Boring at 36.5 Feet.

Started 06/29/16.

Completed 06/29/16.
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Figure A-5
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11
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12

18

80/6''

9

9

13
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50/6''

46

50/4''

22

8

22

15

15

25

50

ATD

GS

GS

SP

GP-GM

SM

GP

3 inches of Sod over (loose), moist, brown,
slightly silty, fine to medium SAND.

Medium dense, moist to wet, gray-brown,
slightly silty, sandy to very sandy GRAVEL.

Few fine to medium sand interbeds from 10
to 12 feet.

Very dense, wet, gray, silty, very gravelly
SAND.

(Dense) to very dense, wet, gray, sandy
GRAVEL with scattered cobbles and fine to
medium sand layers.

Bottom of Boring at 35.5 Feet.

Started 09/06/16.

Completed 09/06/16.
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Drill Equipment: Diedrich D-50/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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Figure A-6
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

3

7

13
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4

5

21
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13

17

13

15

6

12

50/5''

50/6''

50/2''

5

9

17

16

11

7

17

ATD

GS

SW

GP

GP

SW

Loose to medium dense, moist, light brown,
slightly gravelly to gravelly SAND.

Medium dense, wet, gray, sandy GRAVEL.

Very dense, wet, gray, sandy GRAVEL.

Very dense, wet, gray SAND with trace
gravel.

Bottom of Boring at 36.5 Feet.

Started 09/07/16.

Completed 09/07/16.
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Drill Equipment: D50 Track Rig/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: M. Miller    Reviewed By: J. Thomas
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Figure A-7
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11
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11
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15

12

5

12

12

50/6''

76

12

18

19

23

21

9

9

40

50/4''

12

36

20

21

22

13

16

50/4''

ATD

GS

SP-SM

GP

SP-SM

GP

2 inches of Sod over (loose) to (medium
dense), moist, brown, slightly silty, fine to
medium SAND.

Medium dense, moist to wet, gray-brown,
sandy to very sandy GRAVEL with
occasional scattered cobbles and trace silt.

(Medium dense), wet, gray, slightly silty, fine
to medium SAND.

(Dense) to very dense, wet, gray-brown to
light gray, sandy GRAVEL.

Bottom of Boring at 35.9 Feet.

Started 09/06/16.

Completed 09/06/16.
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STANDARD
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Drill Equipment: Diedrich D-50/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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Figure A-8
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11
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9

19

11
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6

9

50/5''

33

33

26

10

7

12

16

7

9

50/5''

50/5''

36

9

8

16

20

20

8

ATD

GS

SP-SM

GP

GP

2 inches of Sod over (loose), moist, brown,
slightly silty to silty, fine to medium SAND
with scattered gravels.

Becomes gravelly,

Medium dense, moist to wet, gray-brown,
sandy GRAVEL.

Blow counts may not be representative;
affected by gravel.

Gravelly drill action.

Dense to very dense, wet, gray-brown to
gray, sandy GRAVEL.

Scattered fine to medium sand layers.

Gravelly drill action.

Bottom of Boring at 35.9 Feet.

Started 09/06/16.

Completed 09/06/16.
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TESTS
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Drill Equipment: Diedrich D-50/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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Figure A-9
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7
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S-10

S-11

1

4
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5
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50/6''

50/5''

20

1

4

22

15

6

5

13

32

2

5

19

15

6

8

19

50/5''

ATD

GS

GS

SP-SM

GP

GP

2 inches of Sod over loose, moist, brown,
slightly silty to silty, fine to medium SAND
with scattered gravel.

Medium dense, moist to wet, gray-brown,
sandy GRAVEL with trace silt.

Blow counts may not be representative;
affected by gravel.

Faster bit penetration.

(Dense) to very dense, wet, gray-brown to
gray, sandy GRAVEL with scattered cobbles.

Very gravelly drill action.

Bottom of Boring at 36.4 Feet.

Started 09/06/16.

Completed 09/06/16.
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Drill Equipment: Diedrich D-50/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

8

16

11

15

19

37

39

23

45

15

19

11

24

19

27

50/5''

25

35

28

28

14

25

50/3''

25

22

50/5''

ATD

GS

GS

SM

SW

GW-GM

Loose, dry, light brown, silty, very gravelly
SAND.

Dense, moist, light brown, gravelly SAND.

Becomes gray.

Becomes wet.

Very dense, wet, gray, slightly silty, sandy to
very sandy GRAVEL.

Occasional sand seams.

Bottom of Boring at 35.0 Feet.

Started 09/07/16.

Completed 09/07/16.
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Drill Equipment: D50 Track Rig/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: M. Miller    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

19

5
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12

7

4

12

50/6''

50/0''

26

9

14

21

9

7

12

19

9

18

27

9

8

15

Flush mount
monument

Concrete

Bentonite
chips

10-20 Silica
sand

Screened
1-1/2" PVC

ATD
9
/7

/1
6

GS

SM

GP

SP-SM

3 inches of Forest Duff over (medium dense),
moist, brown, silty, fine to medium SAND
with scattered small roots.

Medium dense, moist to wet, gray-brown,
sandy GRAVEL.

Fine to medium sand interbeds from
approximately 6 to 8 feet.

Scattered cobbles.

(Dense) to very dense, wet, gray, slightly
silty, gravelly SAND with scattered cobbles.

Auger refusal at 29 feet.

Bottom of Boring at 29.0 Feet.

Started 09/06/16.

Completed 09/06/16.

Ecology Well Tag #BIK-381
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Drill Equipment: Diedrich D-50/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: B. McDonald    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5
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S-11

3

12

6
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4

13

12

42

8

8

20

5

30

11

9

16

21

50/3''

29

16

17

4

26

11

8

19

46

46

ATD

SP-SM

SP

GP

GP

SW

(Loose) to medium dense, dry, light brown,
slightly gravelly SAND.

Blow counts may not be representative;
affected by gravel.

Loose, dry, light brown, medium SAND.

Medium dense to dense, moist to wet, brown
to light brown, sandy GRAVEL.

Very dense, wet, light brown, slightly sandy
GRAVEL.

Very dense, wet, light brown, very gravelly
SAND.

Bottom of Boring at 36.5 Feet.

Started 09/07/16.

Completed 09/07/16.
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Drill Equipment: D50 Track Rig/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: M. Miller    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11
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7

22

39
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6
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6

20

10

5

19

17

34

18

28

27

7

38

44

7

20

46

35

19

15

37

10

50/5''

50/4''

ATD

GS

SP-SM

SP

GW-GM

GW

Loose to medium dense, dry, light brown,
slightly silty SAND with trace gravel.

Dense to very dense, dry, gray-brown,
gravelly SAND.

Very dense, dry, gray-brown, slightly silty,
very sandy GRAVEL.

Dense to very dense, gray-brown, slightly
sandy to very sandy GRAVEL.

Becomes slightly silty to silty.

Bottom of Boring at 36.5 Feet.

Started 09/07/16.

Completed 09/07/16.
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Drill Equipment: D50 Track Rig/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: M. Miller    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4
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27

22

50/6''

7

14

24

18

9

7

50/6''

37

11

27

30

14

19

10

ATD

GS

SW-SM

GP

SP-SM

GP

Loose, dry, brown, slightly silty, very gravelly
SAND.

Very dense, dry, gray, sandy GRAVEL.

Medium dense to dense, moist, gray-brown,
slightly silty, gravelly SAND.

Medium dense to dense, dry, gray-brown,
sandy GRAVEL.

Blow counts may not be representative;
bouncing off gravels.

Bottom of Boring at 36.5 Feet.

Started 09/07/16.

Completed 09/07/16.
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Drill Equipment: D50 Track Rig/HSA
Hammer Type: SPT w/140 lb. Automatic hammer
Hole Diameter: 3-1/4 I.D. inches
Logged By: M. Miller    Reviewed By: J. Thomas
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

S-9

S-10

S-11

4

6

13

20

18

36

14

18

20

20

22

12

14

19

26

29

18

30

36

38

20

13

13

20

33

26

20

38

38

45

Flush mount
monument

Concrete

Bentonite
chips

10-20 Silica
sand

Screened
1-1/2" PVC

ATD

GS

SP

SW

GP-GM
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Figure A-16
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater level, if indicated, is at time of drilling (ATD) or for date specified.  Level may vary

with time.
5. Densities in parentheses are estimated based on field observations. Blow counts may be

affected by cobbles and gravels.
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SW-SM
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(Dense), moist, gray, slightly silty, very gravelly SAND.

(Medium dense), moist, brown SAND with trace gravel and
organics.

(Medium dense), moist, brownish gray, sandy to very sandy
GRAVEL with scattered cobbles and occasional
interbedded sand layers.

Bottom of Test Pit at 10.0 Feet.

Started 09/01/16.

Completed 09/01/16.
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Figure A-17
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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(Medium dense), moist, brownish gray, slightly silty, sandy
GRAVEL. (FILL)

(Medium dense), moist, grayish brown, silty, gravelly SAND
with scattered organics.

(Medium dense), moist, brown to gray, sandy to very sandy
GRAVEL with cobbles and trace silt.

Bottom of Test Pit at 10.0 Feet.
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S-4
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GP

SP-SM

SP

ML

GP

(Loose), moist, brownish gray, sandy GRAVEL with roots.
(FILL)

(Medium dense), moist, brown, slightly silty SAND with
roots.

(Medium dense), moist, brownish gray SAND.

(Medium stiff), moist, light brownish gray, slightly sandy
SILT.

(Medium dense), moist, brownish gray, sandy GRAVEL
with scattered cobbles.

Bottom of Test Pit at 10.0 Feet.

Started 09/01/16.

Completed 09/01/16.
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Figure A-18
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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Sod over (medium dense), moist, brown, silty SAND with
organics and occasional gravel.

(Medium dense), moist, brownish gray, sandy GRAVEL
with scattered cobbles.

Bottom of Test Pit at 10.0 Feet.
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SP-SM
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(Medium dense), moist, brownish gray, sandy GRAVEL.
(FILL)

(Medium dense), moist, brown, silty to clean SAND with
trace organics.

(Medium dense), moist, brownish gray, sandy GRAVEL
with scattered cobbles.

Bottom of Test Pit at 10.0 Feet.
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Figure A-19
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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(Medium dense), moist, brownish gray, silty, sandy
GRAVEL with scattered organics.

(Loose to medium dense), moist, dark brown, very silty
SAND with organics and structural debris. (FILL)

(Medium dense), moist, brownish gray, very sandy
GRAVEL with cobbles.

(Medium dense), moist, brown, slightly silty SAND.

Bottom of Test Pit at 10.0 Feet.
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SM

GP

5 inches of Duff over (loose to medium dense), dry, light
brown, slightly gravelly, silty SAND.

(Medium dense), dry, light brown to gray, sandy GRAVEL.

Bottom of Test Pit at 10.0 Feet.
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Figure A-20
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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6 to 8 inches of Duff over (loose to medium dense), dry,
light brown, slightly gravelly SAND with trace organics.

(Medium dense), dry, light brown, slightly sandy to very
sandy GRAVEL with cobbles and trace silt.

Bottom of Test Pit at 10.0 Feet.
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Completed 09/09/16.
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SP

SP

4 inches of Duff over (loose), dry, light brown, slightly silty
SAND with trace gravel and organics.

(Medium dense), dry, light brown, slightly sandy GRAVEL.

(Medium dense), damp, gray, slightly gravelly SAND with
trace organics.

(Medium dense), damp, gray SAND with trace gravel.

Bottom of Test Pit at 10.0 Feet.

Started 09/09/16.

Completed 09/09/16.

0

5

10

15

LAB
TESTS

Water Content
in Percent

Test Pit Log TP-109
Horizontal Datum: WA State Plane S, NAD 83
Vertical Datum: NAVD 88

USCS
Class Soil Descriptions

Depth
in Feet Sample PID

Location: N 604841.6037 E 1033708.077
Approximate Ground Surface Elevation: 192.89 Feet
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Figure A-21
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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5 inches of Duff over (loose to medium dense), dry, light
brown, slightly silty SAND with gravel.

(Medium dense), dry, light brown, sandy GRAVEL.

(Medium dense), damp, gray SAND with trace gravel.

Bottom of Test Pit at 10.0 Feet.

Started 09/09/16.

Completed 09/09/16.
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3 inches of Duff over (loose to medium dense), moist,
brown, silty SAND with scattered gravel and organics.

(Medium dense), moist, brown, slightly silty, gravelly SAND
with scattered organics.

(Medium dense), moist, brownish gray, very sandy
GRAVEL with cobbles and trace silt.

Fine to medium sand lens observed.

Bottom of Test Pit at 9.5 Feet.

Started 09/01/16.

Completed 09/01/16.
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Figure A-22
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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8 inches of Duff over (loose to medium dense), dry, light
brown, silty SAND with trace gravel.

(Medium dense to dense), dry, gray, gravelly SAND to
sandy GRAVEL.

Bottom of Test Pit at 10.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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S-1

S-2

SP

SP-SM

6 inches of Duff over (medium dense), dry, light brown
SAND with trace gravel and silt.

(Medium dense to dense), moist, light brown to gray,
slightly silty SAND.

Grades to moist to wet.

Bottom of Test Pit at 11.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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Figure A-23
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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SM

SP

GW
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4 to 6 inches of Duff over (loose), dry, brown SAND with
organics.

(Medium dense), dry, brown, silty SAND with trace gravel.

(Medium dense), dry, light brown, slightly gravelly SAND
with trace organics.

(Loose to medium dense), damp, light brown GRAVEL with
trace cobbles and boulders.

Bottom of Test Pit at 10.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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SM
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ML

GP
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4 inches of Duff over (loose to dense), dry, brown, silty
SAND with organics.

(Dense), moist, gray to brown SAND.

(Medium stiff to stiff), moist, brown and gray, slightly sandy
SILT.

(Dense), moist, dark gray, sandy GRAVEL with trace
cobbles.

Bottom of Test Pit at 11.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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Figure A-24
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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S-1

S-2

SP-SM

GM
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3 to 4 inches of Duff over (loose to dense), dry to damp,
brown to gray, slightly silty to silty SAND.

(Dense), damp, dark gray, silty, sandy GRAVEL with trace
cobbles and boulders.

Bottom of Test Pit at 10.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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Location: N 604556.42 E 1033120.5
Approximate Ground Surface Elevation: 192.44 Feet
Logged By: M. Miller    Reviewed By: J. Bruce
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8S-1

S-2

SM

GW

6 to 8 inches of Duff over (loose), dry, brown, silty SAND
with trace gravel.

(Loose to medium dense), dry, gray, sandy GRAVEL with
cobbles.

6- to 12-inch lens of coarse SAND observed.

6- to 12-inch lens of coarse SAND observed.

Bottom of Test Pit at 10.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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Approximate Ground Surface Elevation: 195.15 Feet
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Figure A-25
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1. Refer to Figure A-1 for explanation of descriptions and symbols.
2. Soil descriptions and stratum lines are interpretive and actual changes may be gradual.
3. USCS designations are based on visual manual classification (ASTM D 2488) unless otherwise

supported by laboratory testing (ASTM D 2487).
4. Groundwater conditions, if indicated, are at time of excavation.  Conditions may vary with time.
5. Densities in parentheses are estimated based on field observations.
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S-1

S-2

SP

SP
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3 inches of Duff over (loose), dry, tan SAND with organics.

(Medium dense), tan to brown SAND with trace silt.

(Medium dense to dense), moist, brown to gray, silty
SAND.

Bottom of Test Pit at 11.0 Feet.

Started 09/08/16.

Completed 09/08/16.
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APPENDIX B 

LABORATORY TESTING PROGRAM 

 

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

geotechnical engineering properties of the site soils. Both disturbed and relatively undisturbed 

samples were tested. The tests performed and the procedures followed are outlined below. 

Soil Classification 

Field Observation and Laboratory Analysis. Soil samples from the explorations were visually 

classified in the field and then taken to our laboratory where the classifications were verified in a 

relatively controlled laboratory environment. Field and laboratory observations include 

density/consistency, moisture condition, and grain size and plasticity estimates. 

The classifications of selected samples were checked by laboratory tests such as Atterberg limits 

determinations and grain size analyses. Classifications were made in general accordance with the 

Unified Soil Classification (USC) System, ASTM D 2487, as presented on Figure B‐1. 

Water Content Determinations 

Water contents were determined for most samples recovered in the explorations in general 

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

contents were not determined for very small samples nor samples where large gravel contents 

would result in values considered unrepresentative. The results of these tests are plotted at the 

respective sample depth on the exploration logs. In addition, water contents are routinely 

determined for samples subjected to other testing. These are also presented on the exploration 

logs. 

Grain Size Analysis (GS) 

Grain size distribution was analyzed on representative samples in general accordance with 

ASTM D 422. Wet sieve analysis was used to determine the size distribution greater than the U.S. 

No. 200 mesh sieve. The results of the tests are presented as curves on Figures B‐2 through B‐10 

plotting percent finer by weight versus grain size. 
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APPENDIX C 

HISTORICAL EXPLORATIONS 

This appendix provides available historical well logs and test pit logs for the site. Logs and test 

reports by others are included as they were produced by others for reference only and Hart 

Crowser is not responsible for the accuracy or completeness of the information presented in the 

logs. Approximate locations of the explorations by others are shown on Figure 2 in the main text; 

actual locations may differ from those shown.  
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         TEST PIT LOGS FIGURE A-1 
South Sound Geotechnical Consulting TP-1 TO TP-10 Logged by:  THR 

 

 
 
 
 

             Test Pit TP-9 
Depth (feet) 
 
 

Material Description 
0 – 0.75 
 
 
0.75 – 3 
 
3 – 9.5 
 
 

Topsoil/Duff: Silty SAND with organics: Very loose, moist, 
dark brown.  
 
Silty SAND: Loose, moist, light brown. 
 
Gravelly SAND with trace to some silt: Medium dense to 
dense, moist, brown/gray. (Sample S-1 @ 4 feet) 
 
Test pit completed at approximately 9.5 feet on 1/14/15. 
No groundwater observed at time of excavation. 
Moderate caving below 4 feet. 
Approximate surface elevation: 200 feet 
 
 

           
             Test Pit TP-10 

Depth (feet) 
 
 

Material Description 
0 – 1.5 
 
 
1.5 – 2.5 
 
2.5 – 6 
 
 
6 – 6.5 
 
 
6.5 – 7.5 

Fill: Gravelly SAND with some silt: Medium dense, moist, 
brown.  
 
Silty SAND: Loose, moist, light brown. 
 
Gravelly SAND with trace to some silt: Medium dense to 
dense, moist, brown grading to gray.  
 
Gravelly SAND with trace to some silt: Medium dense, 
moist, red oxidized. 
 
Sandy GRAVEL with trace silt: Loose to medium dense, 
reddish brown. 
 
Test pit completed at approximately 7.5 feet on 1/14/15. 
Groundwater observed at about 7 feet at time of excavation. 
Slight caving below 3.5 feet. 
Approximate surface elevation: 200 feet 
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Infiltration Testing



 

 3131 Elliott Avenue, Suite 600 

Seattle, Washington 98121 

Tel 206.324.9530 

 

MEMORANDUM 
 

DATE:    February 10, 2017 

 

TO:    Ross Whitehead, AIA 

Schreiber Starling Whitehead Architects 

 

FROM:    Roy Jensen, LHG, Hart Crowser, Inc. 

 

RE:    Pilot Infiltration Tests Analysis and Results 

    Tumwater Readiness Center 

    Tumwater, Washington 

    19202‐00 

   

 

Hart Crowser performed two pilot infiltration tests to support construction at the proposed Tumwater 

Readiness Center in Tumwater, Washington. The purpose of the infiltration tests is to determine 

infiltration rates for design of stormwater infiltration facilities. The infiltration rate obtained from the 

proposed infiltration tests are considered to be a short‐term infiltration rate. Short‐term infiltration 

rates are adjusted through correction factors to account for site variability and number of tests 

conducted, degree of long‐term maintenance and influent pre‐treatment/control, and potential for 

long‐term clogging due to siltation and bio‐buildup. The infiltration test and analysis procedures are 

consistent with the test procedures provided in the 2010 City of Tumwater Drainage Design and Erosion 

Control Manual (December 2009). 

Project Background 

The soil layers observed during the preliminary field exploration program consisted of the following soil 

units, described in the order they were encountered from the ground surface down. 

 Loose to Medium Dense Silty Sand. From the ground surface to a depth generally ranging from 1 to 

4 feet below ground surface (bgs) the borings encountered loose to medium dense, slightly silty to 

silty sand.  

 Medium Dense to Dense Sand and Gravel. A medium dense to dense sand and gravel unit was 

encountered directly under the Loose to Medium Dense Silty Sand and extended to depths ranging 

from 20 to 27 feet bgs. This unit was generally observed to vary between sandy to very sandy gravel 

and very gravelly sand with trace amounts of silt and layers of sand.  
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 Very Dense Sand and Gravel. A very dense sand and gravel unit was encountered directly under the 

Medium Dense to Dense Sand and Gravel. This unit was observed to be layers of sand and sandy to 

very sandy gravel and extended to the bottom of all the borings drilled.  

Groundwater was encountered during drilling the borings for preliminary field exploration program. 

Groundwater levels observed at time of drilling (ATD) ranged from about 7.5 to 11 feet bgs, or 

approximately elevation 181 to 184 feet. 

GENERAL PROCEDURE – PILOT INFILTRATION TEST 

The general procedures for the pilot infiltration tests are presented below. 

 Excavate a test pit using an excavator to the depth of the bottom of the proposed infiltration test. 

The dimensions of the test pit for this project were generally 5 feet wide by 5 feet long 

corresponding to the area of the bottom of the test pit of approximately 25 square feet. 

 Document soil conditions observed during excavation and along the side walls of the excavation. 

Record the size and geometry of the test pit, before beginning the field test. 

 Install a vertical measuring rod marked in half inch increments in the pit bottom. The rod was used 

to record water levels in the test pit. 

 Use a rigid 6‐inch‐diameter pipe with a splash plate on the bottom to convey water to the pit and 

reduce side wall erosion or excessive disturbance of the pond bottom. 

 Conduct the constant head portion of the test by adding water to the test pit at a rate that will 

maintain a water level between 3 and 4 feet above the bottom of the pit. A flow meter verified with 

a bucket test was used to measure the flow rate into the pit. 

 Record the cumulative volume and instantaneous flow rate in gallons per minute (gpm) necessary to 

maintain the water level at the same point (1 foot) on the vertical measuring rod. Water levels in the 

test pits were also monitored with a pressure transducer. 

 Continue adding water to the pit while maintaining constant water level in the test pit for 6 to 8 

hours. 

 At the end of the constant head test, water flow into the test pit was turned off and the drop in 

water level was recorded for a period of at least 1 hour. This phase of the infiltration test is referred 

to as the falling head test. 
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TEST RESULTS 

Two infiltration tests were completed at the site between September 12 and 16, 2016. The locations of 

the infiltration test pits are shown on Figure 1. The results of the individual infiltrations tests are 

summarized below. 

Infiltration Test PIT-102 

 The dimensions of Infiltration PIT‐102 were about 5 by 5 feet and 2 feet deep. Soils observed in the 

test pit include soil cover with rootlets (0 to 2 feet) and sandy Gravel at the bottom of the test cell. 

 Infiltration Test 1 was conducted on September 12, 2016. The constant head test was conducted for 

nearly 12 hours starting at 13:50. and ending at 19:12. The following falling head test was monitored 

from 19:12 until 20:08. 

 During the constant head test, the water level in the test pit was maintained at approximately 1 foot 

at a flow rate of between 5 to 5.7 gpm. The average flow rate was 5.4 gpm. Water levels and flow 

rates during the constant head test are presented on Figure 2. 

 During the falling head test, water levels dropped from 1 foot to 0.1 foot in 86 minutes. Water levels 

monitored during the falling head test are presented on Figure 3. 

 The results of the constant head test indicate that at a constant head of 1 foot, the field infiltration 

rate is 0.2 gpm/ft2 or 20 inches per hour (in./hr). 

Infiltration Test PIT-101 

 The dimensions of Infiltration Test PIT‐101 were about 5 by 5 feet and 1.5 feet deep. Soils observed 

in the test pit were slightly silty fine to medium Sand. 

 Infiltration Test PIT‐101 was conducted on September 15, 2016. The constant head test was 

conducted for nearly 12 hours starting at 8:00 and ending at 16:00. The following falling head test 

was conducted from 16:00 until 16:46. 

 Water levels were maintained at approximately 1 foot at flow rate of 2.32 to 3.36 gpm during the 

constant head test. At the end of the test the average flow rate was 2.6 gpm. Water levels and flow 

rates during the constant head test are presented on Figure 4. 

 During the falling head test water levels dropped from 1 foot to 0.1 foot in about 90 minutes. Water 

levels during the falling head test are presented on Figure 5. 
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 The results of the constant head test indicate that at a constant head of 1 foot the field infiltration 

rate is 0.1 gpm/ft2 or 10 in./hr. 

SUMMARY AND CONCLUSIONS 

 Two pilot infiltration tests were completed in the study area. Soil encountered in the test pits consist 

of an upper unit of sandy Gravel to gravelly Sand with organics and outwash gravel unit generally 

consisting of very sandy Gravel. The infiltration tests were conducted in the top of the outwash 

gravel unit. 

 The infiltration tests consisted of a constant head test and a falling head test. The field infiltration 

rates based on the constant head tests ranged from 10 to 20 in./hr (Table 1). 

 Infiltration rates are head dependent. The higher the head, the higher the infiltration rate. The 

infiltration rates developed in this study are based on a head of 1 foot.  

 For design purposes, a correction factor of about 3 was used to adjust the infiltration rates to 

develop design infiltration rates in shallow soil units at the site. The design infiltration rate for the 

sandy gravel unit based on Infiltration Test PIT‐102 is 7 in./hr and the design infiltration rate for the 

silty sand unit based on Infiltration Tests PIT‐101 is 3 in./hr.  

Attachments: 

Table 1 ‐ Summary of Infiltration Test Results 

Figure 1 ‐ Infiltration Test Location Map 

Figure 2 ‐ Infiltration Test PIT‐102 ‐ Constant Head Test 

Figure 3 ‐ Infiltration Test PIT‐102 ‐ Falling Head Test 

Figure 4 ‐ Infiltration Test PIT‐101 ‐ Constant Head Test 

Figure 5 ‐ Infiltration Test PIT‐101 ‐ Falling Head Test 

 



Table 1 - Summary of Infiltration Test Results

Tumwater Readiness

Infiltration 

Test 

Number

Length

in Feet

Width

in Feet

Area

in Square 

Feet

Steady-

State Head

in Feet

Steady- 

State Flow

in gpm

Infiltration 

Rate

in gpm/ft
2

Infiltration 

Rate

in in./hr

Correction 

Factor

Scaled 

Infiltration 

Rate

in in./hr

Recommended 

Design 

Infiltration Rate

in in./hr

PIT-101 5.25 5.0 26.3 1 2.6 0.1 9.6 3 3 3
PIT-102 5.25 5.0 26.3 1 5.4 0.2 19.9 3 7 7

Hart Crowser
 1749300/Tumwater Infiltration Tests Table 1
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Suite 300 

Tacoma, WA   98403-3350 
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May 26, 2015 
Revised June 3, 2015 
 
 
Mr. Thomas Skjervold 
Environmental Programs Manager 
Washington Military Department 
Building 36, Quartermaster Road 
Camp Murray, WA 98430-5050 
 
Project: Tumwater Readiness Center Site Feasibility Study, AHBL No. 2140515.10 
Subject: Stormwater Site Plan Review  
 
Dear Tom: 

We are pleased to provide you with our revised stormwater analysis of the pre-design site plan 
for the Kimmie Street Property located in Tumwater, Washington.  This letter summarizes our 
review of the site plan in relation to our Schematic Stormwater Design and Site Grading letter 
that was revised in March of this year.   

The major components of this review include the following: 

 Can we retain 65 percent of the site as native vegetation? 
 Is stormwater dispersion being used to the maximum extent practicable?  If not, 

how can we modify the site plan to utilize dispersion? 
 What are the anticipated earthwork quantities associated with the pre-design site 

plan?   
 Preliminary review of a Field Maintenance Shop (FMS) site at the north end of the 

property. 

Pre-Design Site Plan 

The Pre-Design Site Plan includes a Readiness Center and Vehicle Storage Shed with 
supporting Military Vehicle Parking and POV parking areas, and associated internal access 
roads and standoff areas.  The site statistics are summarized in the table below: 

 
Readiness 

Center 
Vehicle 
Shed 

Military 
Vehicle 
Parking 

POV 
Parking 

FMS
1
 

Total 
Development 

Footprint
2
 

Proposed (sf) 55,000 39,000 90,000 96,000 N/A 640,000 

Future 
Expansion (sf) 16,000 N/A N/A N/A 67,000 805,000 
1 The FMS area is based on the Seattle FMS, including a planned 24-foot wide expansion.   
2 The Total Development Footprint includes impervious surfaces, as well as existing and anticipated 

disturbed areas and stormwater facilities.   

Based on the current site plans, we anticipate that the fully developed site will create 9.5 acres 
of impervious surfaces within a development footprint of approximately 16 acres.  The 16 acres 
include the future Readiness Center expansion and FMS and associated access roads.  An 
additional 2.5 acres of the 52.9-acre property is existing gravel surface, for a total footprint of 
18.5 acres. 
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Vegetation Retention 

The entire property is approximately 52.9 acres.  To utilize full dispersion, the property must retain and 
protect 65 percent of the property as native vegetation.  With full dispersion, future development will not 
be allowed within the vegetation retention areas.  The maximum development area allowed is 35 percent 
of the site or approximately 18.5 acres.  Considering that the site already has approximately 2.5 acres of 
existing disturbed gravel areas, the property can develop up to 16 acres of the site.   

The pre-design site plan (Exhibit 1) develops approximately 16 acres of the site, and the suggested pre-
design site plan (Exhibit 2) develops approximately 15 acres of the site.  Exhibit 2 allows for up to 1 acre 
of additional developed area not shown.  The development concepts meet the requirements for use of full 
dispersion for stormwater management.   

The native vegetation areas can be used as passive recreation with pedestrian trails, as long as the 
cleared areas associated with this use do not exceed 8 percent of the preserved native vegetation area. 

Full Dispersion 

The primary benefit of sheet flow dispersion for stormwater management is related to earthwork.  Since 
there is no required separation from groundwater, an area can be placed at or near existing grade and 
disperse runoff through native vegetation.  “Full dispersion” does not eliminate the need for stormwater 
control.  The full dispersion concept allows up to 10 percent of the impervious area (approximately 5 
acres) to be dispersed without stormwater control.  The remaining impervious area will still require 
stormwater control.  For an infiltration facility, 2.5 feet of separation from the base of the facility to high 
groundwater is required.     

The Readiness Center, Vehicle Storage Shed, and future FMS building require a minimum of 3 feet of 
separation between finish floor and groundwater.  The buildings and paving adjacent to the buildings will 
have some site filling associated with them.  Therefore, the greatest opportunity to realize cost savings 
associated with sheet flow dispersion is at the POV area, since grading of the area is not directly tied to 
the elevation of the buildings.   

In the pre-design concept, the POV area is planned for a bioswale.  AHBL has reviewed the pre-design 
concept against a dispersion alternative.  See the table below for our summary: 

   Fill Quantity 
Bio-Retention 

Facility 
Fill Cost      

($20 - $24) 

Bio-Retention 
Cost  

(Soil & Plantings) 

Anticipated 
Cost Impact 

Bio-Retention 
Swale 11,300 CY 12,000 SF $226,000 

$271,000 $35,000 $306,000 

Dispersion into 
Native 900 CY 7,000 CY $18,000   

$22,000 N/A $22,000 

 
The two options, including our modeling assumptions, are covered in detail within Exhibits 3 and 4.  We 
recommend modifying the POV parking lot similar to that shown in Exhibit 4 in order to disperse 
100 percent of the parking lot into adjacent native vegetation.  Not only will dispersion provide cost 
savings during construction, this option will also have a life cycle benefit by eliminating maintenance 
associated with a bioretention swale.     
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The POV parking lot will create approximately 95,000 square feet of impervious surface.  City of 
Tumwater code allows for 10 percent of the site impervious to be fully dispersed; therefore, up to 
135,000 square feet of additional site impervious could be dispersed.  We anticipate that some portions 
of the Military Vehicle Parking area and access road can be graded to achieve full flow dispersion and 
minimize the size of required stormwater facilities.     

Building Finish Floors 

The minimum finish floor elevation for these buildings, per City of Tumwater requirements, is 3 feet above 
the assumed or known high groundwater elevation.  Refer to Exhibits 5 and 6 for the Readiness Center 
and future FMS grading concepts.   

A minimum finish floor elevation of 194 feet at the Storage Shed appears to be feasible.  This would set 
the finish floor a minimum of 4.5 feet above groundwater.  It appears that roof drains could splash block 
into an at-grade swale along the rear of the building for stormwater retention.   

A minimum finish floor elevation of 194.5 feet at the Readiness Center appears to be feasible.  This would 
set the finish floor a minimum 5 feet above groundwater.  This assumes roof drain collection lines consist 
of shallow infiltration trenches and overflow to an adjacent bio-retention area to minimize depth.  

The future FMS site will require a minimum finish floor of 192 feet, based on groundwater separation 
requirements.  A summary of the earthwork associated with each building is listed in the table below: 

 Building Fill 
Associated 

Site Fill 
Total Fill 

Imported Fill 
($20) 

Imported Fill 
($24) 

Readiness Center 2,500 CY 9,500 CY 12,000 CY $240,000 $290,000 

Vehicle Storage 
Shed 1,000 CY Included with 

R.C. 1,000 CY $20,000 $24,000 

FMS & Supporting 
Facilities 500 CY 2,000 CY 2,500 CY $50,000 $60,000 

The total fill quantities above do not account for stripping, nor do they consider pavement and foundation 
sections.  A geotechnical engineer will need to review the site soils and provide recommendations for 
structural sections.  Additionally they should review the suitability of native soils for reuse as structural fill.  
The table above assumes native soils are not suitable; therefore, import costs will range between 
$260,000 to $315,000 for the proposed Readiness Center, and another $60,000 for the future FMS site.   

Our letter dated March 2015 estimated earthwork costs around $260,000 ($20/CF) for the Readiness 
Center development.  The table above considers the entire development, including associated pavement 
areas, and is consistent with our original findings.  

Conclusion 

Maximizing the use of full stormwater dispersion on this property will provide a significant cost savings 
over conventional stormwater facilities.  The greatest benefit is at the POV parking lot.  Refer to Exhibit 2 
for our recommended revision to the pre-design site plan.  The parking configuration could be changed, 
but should take into consideration the benefit of sheet flowing runoff into native vegetation. 
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If you have any questions regarding this report, please do not hesitate to contact me at 
(253) 383-2422. 

Sincerely, 
 
 
 
J. Matthew Weber, PE 
Principal 
 
STK/lsk 
 
Enclosures: 
 
 Ex-1 – Pre-Design Site Development Map 
 Ex-2 – Pre-Design Suggested Site Development Map 
 Ex-3 – POV Parking – Bioretention Swale Concept 
 Ex-4 – POV Parking – Dispersion Concept 
 Ex-5 – Readiness Center and Vehicle Storage Concept 
 Ex-6 – FMS Concept 
 
This study is limited in scope.  The statements and observations were derived from secondary information 
provided by local service providers.  There may be additional information, records, or legal documents 
pertaining to the subject property that were not available to us during this feasibility assessment. 
 
Q:\2014\2140515\WORDPROC\Letters\20150603 Ltr (SSP) (REV) 2140515.10.docx 
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