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Dear Cheyenne: 

AMEC Environment & Infrastructure, Inc. (AMEC), is pleased to submit this report describing the 

hydrogeologic and geotechnical evaluation for 30 percent design of the Overlake Village Regional 

Stormwater Infiltration Facility. The purpose of this evaluation was to investigate subsurface soil and 

hydrogeologic conditions at the subject site, and to provide recommendations for design of the 

proposed infiltration facility at the proposed Overlake Village Station.  

AMEC’s scope of work included field exploration, field testing, laboratory testing, research, 
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practice. 
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HYDROGEOLOGY AND GEOTECHNICAL ENGINEERING REPORT 
Overlake Village Regional Stormwater Infiltration Facility 

Redmond, Washington 

1.0 SUMMARY 

The purpose of this report is to support the preliminary design documents that will be used to 

advertise a design-build contract for construction of the Overlake Village Regional Infiltration Facility 

(OVSIF), and to provide information needed to develop a cost estimate of the stormwater facility. The 

following summary is presented for introductory purposes and should be used only in conjunction with 

the full text of this report.  

 Project Description: The City of Redmond is coordinating with Sound Transit to have a 

regional stormwater facility constructed as part of the Overlake Village Light Rail Station 

development (Station) located adjacent to State Route 520 in Redmond, Washington 

(Figure 1). Conceptual designs for the Station call for an approximately 12,000-square-foot 

infiltration vault underneath the Plaza Street to detain and infiltrate stormwater surface runoff 

from the surrounding area. Infiltration will be through the bottom of the vault into underlying 

Advance Outwash Sands. 

 Exploratory Methods: The logs of four previously installed groundwater observation wells were 

reviewed and incorporated into this report. AMEC installed an underground injection control 

(UIC) well for infiltration testing into the Advance Outwash Sands, and drilled two additional 

groundwater observation wells. Sound Transit coordinated with our exploration program in 

order to drill borings for design of the Station and so we have reviewed and incorporated into 

this report the logs of one additional observation well and two other borings drilled by Sound 

Transit’s consultant HJH Final Design Partners. The exploration locations are displayed on 

Figure 2. 

 Soil Types: In general, the subsurface soils consist of Glacial Till present near the surface and 

extending 15 to 30 feet below the surface. The Glacial Till is a mixture of clay, silt, sand, 

gravel, cobbles, and possibly boulders that has been over-ridden by continental glaciers during 

the Pleistocene Age around 10,000 years ago. Over-consolidation of this well-graded soil 

causes high densities, high shear strengths, low compressibility, and low permeability. Below 

the Glacial Till, Advance Outwash was encountered and present to the full depth of all of the 

explorations. The Advance Outwash consisted of dense, fine to medium sand with some silt. 

In the vicinity of the proposed vault, the contact between the Glacial Till and Advance Outwash 

is interpreted to be near elevation 310 feet.  
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 Groundwater Levels: Groundwater was measured in all of the observation wells. Groundwater 

depths ranged from approximately 37 to 40 feet below existing ground surface, corresponding 

to groundwater table elevations of 297 feet to 299 feet (relative to North American Vertical 

Datum of 1988 [NAVD88]). Measurements from the observation wells indicate that the 

groundwater gradient slopes very gently to the southeast. It is likely that seasonal, shallow, 

perched groundwater (also referred to as interflow) develops during the wet winter and spring 

seasons above the very dense, un-weathered Glacial Till, or within sand or gravel lenses 

within the Glacial Till. 

 Infiltration Testing: An infiltration test was conducted at UIC well UICW-PS-10, which was 

installed in the Advance Outwash sands above the groundwater table. Municipal water was 

injected into well UICW-PS-10 at controlled flow rates for 6 hours. Water levels in the UIC well 

and adjacent observation wells were recorded during the injection and subsequent recovery. 

The recorded data were used to calibrate the saturated horizontal hydraulic conductivity and 

vertical anisotropy for Advance Outwash sands using a numerical model. Horizontal hydraulic 

conductivity ranged from 270 to 300 feet/day; the vertical anisotropy ranged between 0.15 and 

0.25 and correlated well with the testing data. 

 Infiltration Modeling: The calibrated hydraulic conductivities were used in another numerical 

model to simulate the infiltration rate from the infiltration vault under steady-state conditions. 

Assuming a height of standing water in the vault between 1 and 18 feet, the simulated 

infiltration rate ranged from 12 to 32 inches/hour. For infiltration vault sizing, an overall 

correction factor of 0.5 was applied to the simulated infiltration rate to account for soil 

heterogeneity, scaling to the full-scale facility, and potential long-term clogging, resulting in 

infiltration rates between 6 and 12 inches/hour. 

2.0 SITE AND PROJECT DESCRIPTION 

The OVSIF will be located on the proposed Sound Transit Overlake Village Station site as part of the 

future East Link Light Rail Extension. The purpose of this report is to support the preliminary design 

documents that will be used to advertise a design-build contract for construction of the OVSIF, and 

provide information needed to develop a cost estimate for the stormwater facility. The preliminary 

design and cost estimate will be used by the City to negotiate the City’s contribution to the East Link 

Light Rail Design-Build project. The scope of work for this investigation consisted of subsurface 

exploration and testing, hydrogeologic and geotechnical engineering analysis, and review of 

preliminary construction documentation. 

The site is located at the north end of the existing PS Business Parks campus, which is located at 

2525 152nd Avenue NE in the Overlake area of Redmond, Washington (Figure 1). The project area is 

within a roughly triangular parcel that measures about 750 feet along the southern boundary and 
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about 725 feet along the eastern boundary and encompasses approximately 6.2 acres. Site 

boundaries are generally delineated by State Route (SR) 520 on the northwest, 152nd Avenue NE on 

the east, and proposed NE 28th Street on the south. Figure 2 shows the existing site features, the 

locations of the explorations used for this study, and locations of geologic cross sections prepared as 

part of this investigation. 

Access to the new Sound Transit Overlake Village Light Rail Station will be from a new Plaza Street 

connecting to 152nd Ave NE. The Plaza Street will consist of two travel lanes, a parking lane, and 

sidewalks. The conceptual designs for the infiltration facility have configured a vault beneath the Plaza 

Street footprint. The final design and construction of the OVSIF will be incorporated into the Design-

Build construction package for the East Link Extension project. The OVSIF design plan is to capture 

runoff from 75 acres to 94 acres of surface area through phased implementation, as described in 

Otak’s 30% Design Report. Design of the infiltration facility will meet flow control and water quality 

requirements specified in the 2005 Washington State Department of Ecology Stormwater 

Management Manual for Western Washington (SWMMWW) and the City of Redmond’s Clearing, 

Grading and Stormwater Management Technical Notebook (issued February 2012). 

The 30% design plans for the stormwater infiltration facility recommend a pre-cast concrete vault with 

an open bottom for infiltration. The proposed design dimensions are 34 feet wide by 335 feet long with 

an infiltration subgrade elevation of 310 feet. The vault will be supported by perimeter strip footings 

and one interior strip footing running the length of the vault.  

AMEC understands the OVSIF will be designed to accommodate approximately 3 cubic feet per 

second (cfs) of stormwater during the peak water quality treatment event. The stormwater system will 

include methods for filtering sediment and potential contaminants from the runoff before reaching the 

infiltration vault, as described in the 30% design report prepared by Otak. 

The conclusions and recommendations contained in this report are based on AMEC’s understanding 

of the subsurface conditions as described in this report, and our understanding of the currently 

proposed project, as derived from meetings, written information, and preliminary design drawings 

supplied to us. Consequently, if additional subsurface information is obtained, or if any changes are 

made in the currently proposed project, AMEC may need to modify the conclusions and 

recommendations contained herein to reflect those changes. 
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3.0 EXPLORATORY METHODS 

AMEC performed both field investigations and data review for the purposes of characterizing 

hydrogeologic conditions at the site for stormwater infiltration. The details of each of these 

components of our study are discussed subsequently.  

3.1 Field Investigation 

AMEC’s field exploration and testing program was conducted in September 2013 and included the 

following elements: 

 A visual surface reconnaissance of the site; 

 Three borings (designated UICW-PS-10, MW-PS-11, and MW-PS-12) advanced on 

September 14 and 15, 2013, at strategic locations across the site, to depths ranging from 35 to 

60 feet; 

 Two observation wells installed in borings at MW-PS-11 and MW-PS-12, at depths of 60 and 

50 feet, respectively; 

 One 10-inch-diameter UIC test well installed in boring UICW-PS-10 to a depth of 35 feet; 

 Infiltration testing conducted in UICW-PS-10 between September 21 and 24, 2013; and 

 A total of 10 grain-size analyses, five organic content determinations, five cation exchange 

capacity analyses, and 12 moisture content determinations, performed on selected soil 

samples obtained from the explorations. 

The specific number, locations, and depths of our explorations were selected by AMEC based on the 

existing and proposed site features, under the constraints of surface access, underground utility 

conflicts, and budget. For example, the presence of the existing office building prevented us from 

drilling within the proposed footprint of the OVSIF. The locations and elevations of the explorations 

used for this report were surveyed by Otak.  

3.2 Data Review 

Other hydrogeology and geotechnical investigations had been done previously on the site and in the 

vicinity, and Sound Transit was exploring subsurface conditions on the site and in the vicinity for the 

light-rail track and station at the time of this study. AMEC was able to review much of this information 

and incorporated pertinent available data into this report. The following information was reviewed for 

this report:  

 GeoEngineers’ Geotechnical Data Report, Overlake Village Stormwater Vaults Project, 

Redmond, Washington, dated July 31, 2013, included descriptive logs from previous reports of 
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four borings with observation wells used in our analysis (designated MW-1, MW-PS-3, 

MW-PS-7, and MW-PS-8, and advanced at various dates between September 2009 and 

November 2011). These logs are presented in Appendix A. 

 GeoEngineers’ Groundwater Mounding Analysis, Overlake Village Stormwater Vaults, 

Redmond, Washington, dated May 17, 2012, described subsurface exploration groundwater 

pumping tests and aquifer modeling for the site and a site to the south. This report was 

reviewed and the hydrogeologic properties of the Advance Outwash soil were compared to the 

properties determined as part of this current study. 

 GeoEngineers’ Preliminary Geotechnical Design Services, Overlake Village Stormwater and 

Park Facilities, Redmond, Washington, dated January 13, 2010, contained information on 

subsurface conditions that was reviewed in comparison to the information obtained during the 

current study. 

 HJH Final Design Partners drilled three borings on the site on September 7 and 8, 2013, for 

design of the Sound Transit light rail track and station. Their descriptive logs for E 360-B-34, 

E 360-B-36, and OVS-B-003 (with observation well) are included in Appendix A. 

 Published geologic maps from the United States Geologic Survey (USGS) and the 

Washington State Department of Natural Resources (WDNR), Division of Geology and Earth 

Resource, as well as a technical report (Summary Report Redmond-Overlake Basin 

Geological Mapping Project, dated April 27, 2010) by Troost Geological Consulting and the 

Pacific Northwest Center for Geologic Mapping Studies at the University of Washington 

provided an overview of the regional geology in the vicinity of the project site. 

Table 1 summarizes the approximate locations, surface elevations, and termination depths of the 

subsurface explorations used as part of this study. Figure 2 depicts the approximate locations of these 

explorations. Appendix A of this report describes AMEC’s field exploration procedures and contains 

logs for the explorations used as part of this study. Appendix B describes the laboratory testing 

procedures and results of selected samples collected by AMEC. 
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Table 1 Approximate Locations, Elevations, and Depths of Explorations 

Exploration Location 
Surface 

Elevation (feet) 
Termination Depth 

(feet) 

UICW-PS-10
1
 

MW-PS-11
2
 

MW-PS-12
2
 

E 360-B-34 

E 360-B-36
2
 

OVS-B-003 

MW-1
2
 

MW-PS-3
2
 

MW-PS-7
2
 

MW-PS-8
2
 

~35’ NW from the NW corner of Building 13 

~30’ NW from the NW corner of Building 13 

~60’ SW from SW corner of Building 13 

~50’ NW from NW corner of Building 13 

~200’ S from N corner of site in parking lot 

Northern corner of the N parking lot 

~400’ S from N corner of site in 152
nd

 Ave NE 

~175’ SW from SW corner of Building 13 

~25’ SE from SE corner of Building 13 

~35’ NW from the NW corner of Building 13 

337.4 

337.4 

336.3 

336.1 

338.9 

339.5 

335.1 

335.4 

336.9 

337.4 

35.0 

60.0 

50.0 

38.3 

51.4 

25.3 

52.0 

51.5 

80.0 

51.0 

1 Includes infiltration well 

2 Includes observation well 

Elevation datum: Topographic Survey by Otak, Inc. 

The explorations performed and used for this report reveal subsurface conditions only at discrete 

locations, and conditions in other locations could vary. Exploration access was limited by the existing 

building located where the proposed OVSIF will be. The nature and extent of subsurface variations 

will not become evident until additional explorations are performed or until construction has begun. If 

significant variations are observed at that time, AMEC may need to modify the conclusions and 

recommendations contained in this report to reflect the actual site conditions. 

4.0 SITE CONDITIONS 

This section and the following sections present our observations, measurements, findings, and 

interpretations regarding surface, soil, groundwater, and infiltration conditions at the project site. 

4.1 Surface Conditions 

The proposed project site is located in the northern one-third of the PS Business Park, which is within 

the Overlake Village area of Redmond. Overlake Village lies in the upland glacial drift plain extending 

west from the Sammamish River and Lake Sammamish. Topography at the project site slopes gently 

down from the northeastern and southwestern corners of the site towards the southeastern corner of 

the site. Site elevations range from roughly 340 feet at the northeastern corner of the site, down to 

elevations of 336 feet along the western edge of the property adjacent to State Route SR-520, sloping 

down to the east to an elevation of approximately 330 feet at 152nd Avenue NE.  

The site is developed with five single-story commercial office buildings with associated asphalt-paved 

parking and access roadways serving the buildings. Utilities to the structures are all located 

underground. Vegetation across the developed site consists of limited landscaping around the 

immediate perimeter of the buildings and parking lot areas. Landscaping consists of scattered 
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deciduous and conifer trees, rhododendron bushes, and landscape shrubs. We did not observe any 

surface water, with the exception of puddles in depressions in the parking lot. 

4.2 Soil Conditions 

According to the Summary Report Redmond-Overlake Basin Geological Mapping Project, soil 

conditions in the site vicinity are characterized by fill soils near the surface, mantling Recessional 

Outwash deposits (Qvro) in some locations, overlying Pleistocene Vashon Glacial Till (Qvt - Glacial 

Till), underlain by Vashon Advance Outwash (Qva) sands and gravels.  

4.2.1 Explorations 

Our on-site explorations revealed variable near-surface soil conditions related to previous grading, but 

confirmed the mapped stratigraphy at depth. Table 2 summarizes the approximate thicknesses and 

depths of soil layers encountered in exploration borings.  

Table 2 Soil Layer Thickness and Depth 

Exploration 
ID 

Thickness of 
Fill  

(feet) 

Thickness of  
Recessional 

Deposits 
(feet) 

Thickness of  
Glacial Till 

(feet) 

Depth to 
Advance  
Outwash  

(feet) 

Elevation to Top 
of Advance 

Outwash 

(feet) 

UICW-PS-10 

MW-PS-11 

MW-PS-12 

E 360-B-34 

E 360-B-36 

OVS-B-003 

MW-1 

MW-PS-3 

MW-PS-7 
MW-PS-8 

2.0 

N/E 

2.0 

N/E 

N/E 

2.0 

12.0 

3+ 

4.5 

N/E 

N/E 

N/E  

N/E 

N/E 

N/E 

2.5 

N/E 

N/E 

N/E 

N/E 

25.0 

27.0 

25.0 

14.5 

14.5 

>20.8 

5.0 

25.0+ 

24.0 

28.0 

27.0 

27.0 

27.0 

14.5 

14.6 

N/E 

17.0 

28.0 

28.5 

28.0 

310.4 

310.4 

309.3 

321.6 

324.1 

N/E 

318.1 

307.4 

308.4 

309.4 

Elevation datum: Site topographic map provided by Otak, Inc., in October 2013 

N/E = Not Encountered 

In general, our explorations encountered a variable thickness of fill, over Glacial Till deposits, mantling 

the Advance Outwash deposits. Geologic cross sections based on new and previously existing 

borings are presented for section A-A’ in Figures 3a, 3b, and 3c and for section B-B’ in Figure 4. The 

cross section locations are illustrated on Figure 2. The strata observed in the exploration borings are 

described below. 

 Existing Fill: Fill was encountered in six of the explorations used for evaluating the site ranging 

in thickness from 2.0 feet to 12.0 feet. The thickest fill soils encountered were in bore hole 

MW-1 located in the south bound lane of 152nd Avenue NE and might be attributed to utility 
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trench backfill. The upper fill soils in bore holes UICW-PS-10, MW-PS-3, MW-PS-7, 

MW-PS-12 and OVS-003 appeared to be composed of reworked Glacial Till soils composed of 

medium dense, moist, silty sand with some gravel and trace organic material. 

 Recessional Outwash: One of the field explorations, OVS-003, drilled in the northern corner of 

the site, encountered 2.5 feet of Recessional Outwash deposits (Qvro) beneath the existing fill. 

The recessional outwash generally consisted of medium dense, moist, silty sand with trace 

gravel.  

 Glacial Till: All of the explorations encountered Glacial Till beneath the Existing Fill or 

Recessional Outwash deposits, and penetrated the Glacial Till (Qvt) deposits with the 

exception of bore hole OVS-003 which was terminated at a depth of 25.3 feet below the 

ground surface. The thickness of the Glacial Till ranged from 5 to 27 feet. The Glacial Till 

generally consisted of medium dense weathered till, to very dense non-weathered till that was 

moist, silty sand with some gravel. The Glacial Till is a mixture of clay, silt, sand, gravel, 

cobbles, and possibly boulders that has been over-ridden by continental glaciers during the 

Pleistocene Age around 10,000 years ago. Over-consolidation of this well-graded soil causes 

high densities, high shear strengths, low compressibility, and low permeability.  

 Advance Outwash: All of the explorations, with the exception of bore hole OVS-003 that was 

only drilled 25 feet deep, encountered Advance Outwash sands (Qva) beneath the Glacial Till, 

and the Advance Outwash extended deeper than the borings, which terminated at a maximum 

depth of 80 feet. The total thickness of the Advance Outwash is not known. Based on a review 

of deep boring logs in the region, the Advance Outwash has been estimated to range from 50 

to 85 feet thick. The Advance Outwash generally consisted of dense, sand with some silt and 

gravel that has also been over-consolidated by continental glaciers, but has higher 

permeability than Glacial Till because it consists of the relatively uniform, poorly graded sand.  

The exploration logs included in Appendix A provide a detailed description of the soil strata 

encountered in the subsurface explorations.  

4.2.2 Laboratory Testing Results 

Previous laboratory testing indicated that the Glacial Till deposits included 26 to 36 percent fines (silt 

and clay). The moisture content ranged from 9 to 11 percent. Geotechnical laboratory tests on soil 

samples collected from the recent explorations indicate the Advance Outwash deposits had a 

relatively low to moderate fines (silt and clay) content, ranging from 4 to 12 percent. The soil moisture 

content ranged from 6 to 14 percent. The laboratory testing results presented in Appendix B, and 

Table 3 summarizes these results.  
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Table 3 Laboratory Test Results of Advance Outwash  

Sample Number/Depth 

Moisture 
Content 

(percent) 

Grain Size Analysis 

Gravel 
(percent) 

Sand 
(percent) 

Silt/Clay 
(percent) 

D10 

(mm) 

UCIW-PS-10/S-8/32.5’ 

MW-PS-11/S-7/30’ 

MW-PS-11/S-9/35’ 

MW-PS-11/S-10/37.5’ 

MW-PS-11/S-11/40’ 

MW-PS-12/S-8/32.5’ 

MW-PS-12/S-10/37.5’ 

E 360-B-034/S-10/35’ 

E 360-B-036/S-8/25’ 

E 360-B-034/S-11/32.5’ 

7 

8 

7 

13 

13 

9 

14 

6 

7 

7 

1 

2 

1 

8 

N/T 

33 

19 

55 

14 

68 

88 

87 

88 

80 

N/T 

63 

74 

34 

70 

21 

11 

11 

10 

12 

N/T 

4 

7 

11 

16 

11 

0.07 

0.07 

0.07 

0.06 

N/T 

0.25 

0.15 

0.05 

0.01 

0.06 

N/T = Not Tested 

D10 = the grain size at which 10 percent (dry weight basis) of the overall sample is finer. 

4.2.3 Suitability for Treatment 

Five soil samples of Advance Outwash soils collected at depths ranging between 25 and 36 feet 

below the ground surface were analyzed for cation exchange capacity and organic content. The 

cation exchange capacity was between 0.8 and 5.7 meq/100g, and organic contents were 0.8 and 

1.1 percent. These laboratory results can also be found in Appendix B. These values are slightly lower 

than recommended in the SWMMWW for 18 inches of engineered soil, however the flow path through 

the native soil will be much longer than 18 inches, so the native soils are capable of providing some 

water quality treatment.  

4.3 Groundwater Conditions 

Groundwater conditions were characterized by AMEC’s on-site explorations and by explorations and 

observation wells installed by others. This is described in the following report sections. 

4.3.1 On-Site Groundwater Information 

At the time of drilling (September 2013), estimated groundwater depths ranged from approximately 37 

to 40 feet below existing ground surface, corresponding to groundwater table elevations of 297 feet to 

299 feet (NAVD88 datum). Observation wells were installed in two of the borings by AMEC 

(MW-PS-11 and MW-PS-12), one boring by HJH (E 360-B-036) and four previously by GeoEngineers 

(MW-1, MW-PS-3, MW-PS-3, MW-PS-7 and MW-PS-8). Groundwater levels were measured in all of 

the observations wells on December 5, 2013, and the depths and elevations are presented in Table 4 

and in Figure 2. The groundwater table is relatively flat with a slight gradient of 0.002 dipping towards 

the southeast. Groundwater levels in the vicinity of OVSIF measured previously by others in 

December 2011 reported a groundwater table near elevation 298 feet.  
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Additionally, the borings disclosed evidence (mottling, oxidation stains, etc.) of perched groundwater 

developing atop the unweathered Glacial Till horizon. It is likely that seasonal perched groundwater 

(also referred to interflow) develops during the wet winter and spring seasons. Perched groundwater 

develops when the vertical infiltration of water through a shallow, more-permeable soil is slowed by a 

deeper, less permeable soil. Perched groundwater typically forms above the Glacial Till horizons and 

atop the silty sand layers within the outwash deposit or at the contact between the native and fill soils 

after extended periods of wet weather. 

Table 4 Groundwater Measurements on December 5, 2013 (feet) 

Exploration 

Ground 

Surface Elevation
1
 Casing Elevation

1 
Groundwater Depth

2
 

Groundwater 

Elevation  

MW-PS-11 337.4 336.86 38.17 298.69 

MW-PS-12 336.3 336.09 37.48 298.61 

E 360-B-036 338.9 338.58  40.05 298.53 

MW-1 335.1 334.63 36.36 298.27 

MW-PS-3 335.4 335.01 36.25 298.76 

MW-PS-7 336.9 336.67 38.16 298.51 

MW-PS-8 337.4 337.07 38.36 298.71 

1 Elevations based on survey data provided by Otak, Inc. 

2 Depth to groundwater below top of PVC casing  

It should be noted that groundwater levels will fluctuate in response to precipitation patterns, 

construction activities, and site utilization. 

4.3.2 Groundwater Information in the Vicinity 

Groundwater monitoring and pumping wells have been installed south of the project site for related 

City of Redmond projects, known as the proposed central vault. The groundwater table was measured 

in December 2011 at elevation 297 feet with a low gradient toward the south of 0.001 feet/feet. There 

are no documented drinking water wells within the site vicinity.  

5.0 INFILTRATION TESTING AND INFILTRATION MODELING 

AMEC estimated the infiltration rates into Advance Outwash underlying the site by conducting 

infiltration testing and infiltration modeling. Infiltration testing was conducted by injecting municipal 

water at a UIC test well that was installed through the Glacial Till soils and discharging into the 

Advance Outwash sand below. Infiltration through a UIC test well, instead of pilot infiltration tests 

(PITs) as recommended in the Ecology Stormwater Manual, was used at this site because the Glacial 

Till extended more than 20 feet below the ground surface and the site is located in an active business 

park. These site conditions made it impractical to conduct a PIT at this time. 
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5.1 UIC Test Well and Observation Well Installation 

The UIC test well, labeled UICW–PS-10, was located near the existing MW-PS-8, so that MW-PS-8 

could be used to measure changes in the groundwater level during infiltration testing. Another 

observation well was installed very close to UICW-PS-10 for the same reason, labeled MW-PS-11. 

Details of well installation are described in Appendix A. The UIC well penetrated approximately 7 feet 

of unsaturated Advance Outwash. Approximately 5 feet of unsaturated Advance Outwash sand 

extended below the bottom of the well, based on the soil conditions disclosed by the observation well 

MW-PS-11 located 5 feet away. The Advance Outwash was saturated with groundwater below this 

depth. The total thickness of the Advance Outwash layer is not known. AMEC’s borings terminated in 

the Advance Outwash at 60 feet below ground surface (elevation 277 feet). Based on a review of 

deep boring logs in the region, the sand and gravel strata of the Advance Outwash has been 

estimated to between 50 to 85 feet thick.  

5.2 Infiltration Testing Methodology 

To evaluate the infiltration capacity of the Advance Outwash sands, potable water was introduced into 

the UIC well at a measured rate, while monitoring the water levels within the UIC well and the nearby 

observation wells, MW-PS-11 and MW-PS-8. Specifically, municipal water obtained from an on-site 

fire hydrant was conveyed to the UIC well by a 2-inch hose, then through a digital flow meter and 

totalizer, accurate to 0.1 gallon per minute. The water was discharged into the 8-inch casing (filled 

with pea gravel) at the top of the UIC well. A vented pressure transducer was lowered to the base of 

the observation wells adjacent to the UIC well. Each transducer was programmed to obtain pressure 

measurements at a frequent interval, typically every 2 seconds at the beginning of each test, then less 

frequently after approximately 2 hours. Hand measurements were obtained using an electronic water 

level meter for both the UIC well and observation wells.  

Water was introduced into the UIC well continuously for approximately 6 hours, starting at a flow rate 

of 20 gpm and adjusting the rate as needed, to maximize the amount of water that would flow through 

the pea gravel-filled 8-inch diameter casing without overflowing (the rate was maintained between 15 

and 25 gpm). Groundwater levels in the adjacent observation wells were measured frequently during 

the test. Infiltration continued until the groundwater levels had stabilized in the adjacent observation 

wells, indicating the groundwater mound was near equilibrium with the infiltration rate in the UIC well. 

After 6 hours, the water flow was halted while continuing to record the water levels within both the UIC 

well and adjacent observation well until no water could be detected. Figure 5 shows the injection rate 

and water level in well UICW-PS-10, while Figure 6 shows the water levels in observation wells 

MW-PS-8 and MW-PS-11. A total of 7,848 gallons of water was injected during the infiltration testing. 
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5.3 Infiltration Modeling and Test Results 

Two-dimensional numerical models for water flow in variably saturated, porous media were used to 

predict long-term infiltration rates at the bottom of infiltration vault. Two numerical models were 

developed using the computer program SEEP/W (Geo-Slope International, Inc.). The models have 

axisymmetric domain that represents 1/2π of a cylindrical space around the infiltration well or 

infiltration vault. A calibration model was first used to calibrate the saturated hydraulic conductivity and 

vertical anisotropy (i.e. ratio of vertical to horizontal hydraulic conductivity) for Advance Outwash by 

matching simulated water levels to UIC well infiltration test data. A prediction model was then used to 

predict infiltration rates assuming various heights of standing water in the vault. The calibration model 

and the prediction model have the same hydraulic parameters. The modeling work is summarized 

below. Details are presented in Appendix C. 

The numerical modeling is based on the following assumptions. All elevations are based on NAVD88. 

 Ground surface is at elevation 337 feet (as surveyed by Otak). 

 Bottom of Advance Outwash is at elevation 255 feet. (This is assumed for modeling purposes 

because local groundwater flow will be insignificant below this elevation. Actual depth is of the 

Advance Outwash is unknown, but much deeper than elevation 255 feet.) 

 Contact between Glacial Till and Advance Outwash is at elevation 310 feet (as observed in 

recent borings). 

 Regional hydraulic gradient is negligible; i.e. static groundwater table is flat. (The measured 

gradient of 0.001 feet/feet to the south is insignificant to the local infiltration modeling.)  

 Static groundwater elevation is at elevation 299 feet. 

 The bottom of the infiltration vault is at the contact between Glacial Till and Advance Outwash 

at elevation 310 feet. 

 The footprint of the infiltration vault was assumed to be 34 feet by 345 feet, with 1.5-foot-wide 

perimeter footing and a 4-foot-wide interior wall footing encroaching into the vault footprint. 

Therefore, the available area for infiltration was assumed to be 10,500 square feet. Because 

the model domain is axisymmetric, the available area for infiltration was first converted to an 

equivalent circular area with a radius of 58 feet.  

The only parameters adjusted during calibration were saturated hydraulic conductivity and vertical 

anisotropy for Advance Outwash. There are three material types that represent: Glacial Till; Advance 

Outwash above static groundwater table; and Advance Outwash below static groundwater table. 

Glacial Till and Advance Outwash above static groundwater table have both saturated and 
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unsaturated properties. Advance Outwash below static groundwater table only has saturated 

properties. The hydraulic parameter values are summarized in Table 5.  

Table 5 Hydraulic Parameter Values 

Hydraulic Parameter Glacial Till Advance Outwash 

Saturated Hydraulic Conductivity (feet/day) 2.4 Subject to calibration 

Vertical Anisotropy 0.01 Subject to calibration 

Saturated Water Content 0.30 0.30 

Coefficient of Volume Compressibility (1/psf) 1×10
-6

 1×10
-6

 

Residual Water Content 0.025 0.025 

Unsaturated Relationship Figure C-2 Figure C-3 

 

The goal of model calibration was to match the simulated groundwater elevations to the observed 

groundwater levels at monitoring well MW-PS-8 during the pilot test. The initial condition for the 

calibration model is a flat groundwater table at elevation 299 feet. The model was run for two transient 

periods in sequence. The first transient period is 6.4 hours. The flux boundary along the infiltration 

interval of UICW-PS-10 is active during this transient period to represent the injection of water at a 

flow rate up to 25 gpm. The second transient period is 16 hours, and represents the period when 

water table recovered to its static condition. The match between simulated and observed water levels 

is shown on Figures C-4 and C-6. 

Three combinations (sets) of parameter values were found to give a reasonable match to the 

observed data, as displayed in Figures C-4. Predictive simulation results suggested that, among the 

three sets of values, the parameter set with a hydraulic conductivity of 300 feet/day and vertical 

anisotropy of 0.15 resulted in the lowest infiltration rates under the same height of water in the 

infiltration vault. Therefore, this set of parameter values was used in the prediction model. Simulated 

head contours at the end of the injection period for the parameter set with a horizontal hydraulic 

conductivity of 300 feet/day and a vertical anisotropy of 0.15 are shown on Figure C-6. 

The prediction model covers a radial distance of 500 feet from the center of the infiltration vault, as 

shown on Figure C-7. A total of 18 predictive simulation runs were performed under steady state 

condition. The initial condition is a flat groundwater table at 299 feet. The only difference between 

these runs is the specified head for the head boundary along the vault bottom. Because the height of 

standing water ranged between 1 and 18 feet, the specified head ranged from elevation 311 to 

328 feet. The specified head is maintained constant through each run. The purpose of steady state 

simulation is to estimate the long-term infiltration rate after the unsaturated zone has been saturated 

with infiltrated water. The long-term infiltration rate is typically much lower than the initial infiltration 
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rate when the unsaturated zone is dry, and therefore is a conservative value to use for infiltration vault 

design. 

The simulated infiltration rates are calculated from the simulated flux through the vault bottom, as 

summarized in Table 6. Simulated head contours for the scenario of 6 feet of standing water are 

shown on Figure C-8. 

Table 6 Simulated Infiltration Rates without Correction Factor 

Height of water (feet) Infiltration Rate (in/hr) 

1 12.0 

2 13.3 

3 14.6 

4 15.9 

5 17.1 

6 18.3 

7 19.5 

8 20.7 

9 21.8 

10 23.0 

11 24.2 

12 25.4 

13 26.5 

14 27.7 

15 28.9 

16 30.0 

17 31.2 

18 32.4 

 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

Development plans call for constructing a regional stormwater infiltration vault beneath the Plaza 

Street for the proposed Overlake Village Station. The vault will be a concrete structure with an open 

bottom for infiltrating stormwater into the Advance Outwash sands. Based on our field explorations, 

infiltration testing, modeling, research, and analyses, the proposed infiltration into the Advance 

Outwash sands underlying the site appears feasible from a hydrogeology standpoint. There are 

several design and construction issues that will need to be considered to assure that the infiltration 

facility functions as intended. Installation of the structure could be excavated with open cut slopes or 

temporary shoring, will have relatively high foundation bearing loads, will require careful protection of 

the infiltration subgrade, and will require careful backfill around the structure. We offer the following 
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hydrogeologic and geotechnical engineering conclusions and recommendations concerning this 

project. 

6.1 Stormwater System 

Based upon verbal communications with the project civil engineer, AMEC understands the stormwater 

system will be designed to control approximately 3 cfs of stormwater during the water quality storm 

event with a vault that has an open bottom area of approximately 10,500 square feet of infiltration 

subgrade surface. Flows above the peak event will be stored within the vault to a depth of 18 feet. A 

description of the individual components of the stormwater system and our recommendations for 

design and construction are discussed below. 

6.1.1 Stormwater Quality Control and Treatment 

Otak, has designed water quality control measures to limit solids and pollutants upstream of the 

OVSIF. A filter cartridge system will provide primary treatment of water before entering the OVSIF. 

Specific details of this pre-treatment are described by plans prepared by Otak.  

6.1.2 Infiltration Vault Layout 

The proposed location and size of the vault is shown on Figure 2. The base of the vault, or the 

infiltration subgrade needs to be within the Advance Outwash sands, not the overlying Glacial Till. 

Based on the explorations available to date, the top of the Advance Outwash is expected to be at 

approximately elevation 310 feet and consist of sand with less than 12 percent fines.  

During excavation for the vault, the subgrade should be observed by a professional geologist or 

engineer (licensed in the State of Washington) to confirm that the subgrade is within the Advance 

Outwash sands is suitable for infiltration. The professional geologist or engineer should collect soil 

samples for grain size distribution laboratory testing (ASTM D-422) to document suitability. If the 

Advance Outwash formation is not present at the planned elevation, over-excavation may be 

necessary. Over-excavation backfill will need to consist of a clean, uniform sand that will provide an 

infiltration rate that is equivalent or greater than the Advance Sands. A suitable gravel backfill for this 

application, for example, would be WSDOT Standard Specification 9-03.13(1) Sand Drainage Blanket.  

6.1.3 Verification PITs 

During construction, once the excavation has reached the elevation of the infiltration subgrade, we 

recommend at least two PITs be performed in general accordance with the SWMMWW to verify the 

design infiltration rate. The results of these PITs, in addition to the UIC infiltration test performed for 

this study, can be used to adjust the design infiltration rate as needed for configuring the flow-splitter 

design as approved by the City. It may be prudent to conduct another PIT near the end of construction 

to verify that construction activities have not reduced the hydraulic conductivity. 
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6.1.4 Stormwater Vault Infiltration Rate 

The UIC well infiltration testing and modeling are described in Section 5.0 and in Appendix C. For 

estimating the long-term design infiltration rate, a correction factor of 0.5 was applied to the simulated 

infiltration rates to account for the uncertainty in the pilot test and simulations. The corrected 

infiltration rates are summarized in Table 7. The correction factor accounts for potential variability in 

the hydraulic properties of Advance Outwash across the vault footprint, scaling of the test results to 

the full scale facility, and potential long-term clogging. Development of the correction factor is 

explained in Appendix C. 

Table 7 Corrected Infiltration Rates for Infiltration Vault Design 

Height of water (feet) 
Corrected Infiltration 
Rate (in/hr) 

1 6.0 

2 6.7 

3 7.3 

4 7.9 

5 8.5 

6 9.1 

7 9.7 

8 10.3 

9 10.9 

10 11.5 

11 12.1 

12 12.7 

13 13.3 

14 13.9 

15 14.4 

16 15.0 

17 15.6 

18 16.2 

 

6.2 Evaluation of Stormwater Injection Impact  

Provided below is AMEC’s opinion regarding the potential impacts of the infiltration facility to the 

project site and vicinity. These conclusions are based on our understanding of the proposed project 

and our evaluation of the site soil and groundwater conditions.  

6.2.1 Groundwater Impact 

Proven stormwater water quality control pre-treatment methods, such as filter cartridges will be 

utilized upstream of the OVSIF. These measures will serve to minimize the potential of pollutants 
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being introduced into the vadose zone with the goal of the pre-treated stormwater runoff having 

reduced the target pollutants to levels that will comply with state ground water quality standards prior 

to discharge into the vadose zone. The water quality pre-treatment will minimize the accumulation of 

sediment and contaminants in the OVSIF and improve the long-term infiltration. Additionally, the 

Advance Outwash sands are capable of providing filtration, although this additional treatment benefit 

is not the primary treatment mechanism.  

6.2.2 Temporary Higher Groundwater Levels 

During the design storm events, the groundwater level is expected to rise beneath and adjacent to the 

vault. This groundwater mound will have a downward sloping gradient radiating outward from the 

edges of the vault. Table 8 displays estimated groundwater depths based on sustained stormwater 

flows into the vault for a long enough period of time to develop a steady-state groundwater mound.  

Table 8 Depth to Mounded Water Table (ft bgs) 

Height of Water 
in Vault (ft) 

Distance from Edge of Vault (ft) 

10 25 50 100 

0 38 38 38 38 

1 29 31 33 34 

3 28 30 32 34 

5 26 28 31 33 

7 26 27 30 32 

10 24 25 28 31 

14 23 24 27 30 

18 22 23 24 29 

 

Stormwater infiltration as currently proposed is unlikely to have any significant impacts on existing 

structures and operations, but could possibly effect future structures proposed nearby that are very 

deep. More detailed modeling would be needed to determine the likelihood, frequency, and magnitude 

of the mound based on stormwater inflow rates and durations to the vault.  

6.3 Construction Recommendations  

Preliminary geotechnical engineering conclusions and recommendations are provided in this section 

for construction of the vault, based on the explorations and laboratory testing performed on the site.  

6.3.1 Excavation and Shoring 

Soil Conditions: Based on the explorations to date, we expect that the excavation will encounter a 

variable amount of fill and weathered till near the surface, underlain by Glacial Till extending to depths 

ranging from about 20 to 30 feet below existing grades. The fill and weathered till can likely be 
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excavated with conventional earthworking equipment, whereas the very dense Glacial Till will yield 

slow progress and might require heavier equipment. Although our explorations did not encounter 

boulders within the Glacial Till, the contractor should be aware that such obstructions could exist at 

random locations. 

Groundwater Conditions: Our explorations did not reveal groundwater within the anticipated 

excavation limits. However, perched groundwater atop and within the Glacial Till should be expected. 

We recommend that additional groundwater level measurements be taken periodically throughout the 

following year so that seasonal fluctuations can be quantified. 

Dewatering: We tentatively anticipate that perched groundwater within the excavation could be 

adequately dewatered by means of a series of internal ditches, sumpholes, and pumps. In all cases, 

the specific design of a dewatering system should be completed by the contractor using groundwater 

level data appropriate for the time of earthwork and the specific excavation. 

Temporary Slopes: Configuration and maintenance of safe working conditions, including temporary 

excavation stability, is the responsibility of the contractor. The design-builder will also be responsible 

for maintaining stability of any structures located near excavations. All applicable local, state, and 

federal safety codes should be followed. Temporary excavation should either be shored or sloped in 

accordance with Safety Standards for Construction Work, Part N, WAC 296-155-650 through 66411. 

Although the slopes may stand at steeper angles, steeper temporary slopes would need to be 

specifically designed and monitored when workers are below. Appropriate inclinations will ultimately 

depend on the actual soil conditions exposed during earthwork. For planning purposes, the soil type 

classification and maximum inclination based on Part N of the Safety Standards for Construction 

Work, WAC 296-155-66401 and 66403 is provided below. 

Soil Type 

WAC  

Soil Type 

Maximum 

Inclination 

Existing Fill 

Glacial Till  

Advance Outwash 

C 

A 

B 

1.5H:1V 

0.75H:1V 

1H:1V 

 

Temporary Shoring: Alternatively, temporary shoring walls could be constructed to reduce the size of 

the excavation (due to slope angles). Ideally, shoring methods should not disturb the Advance 

Outwash within an area extending 50 feet beyond all sides of the vault. In our opinion, soil nail walls 

would be a feasible and cost effective method of shoring near vertical cuts in the glacially 

consolidated soils. The soil nail shoring method is a top-down construction method, that requires little 

or no excavation or disturbance below the depth of the planned cut. This shoring method would be 
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preferable for this site so that disturbance of the underling Advance Outwash Sand is kept to a 

minimum. Soil support systems such as soldier piles with lagging usually include drilled and grouted 

holes that extend into the Advance Outwash. This shoring method could reduce the area of pervious 

soils and change the flow path for infiltration and therefore are not recommended.  

Protection of Infiltration Subgrade: The excavation should continue until Advance Outwash suitable for 

infiltration is exposed as the subgrade. The subgrade should be observed by a professional geologist 

or engineer to confirm that suitable infiltration soils are present. This may involve over-excavation 

below planned subgrade. The infiltration subgrade should be protected from disturbance during 

construction of the vault. Types of disturbance to avoid include siltation and compaction. One possible 

way of doing this would be to place a sand drainage blanket that will provide an infiltration rate that is 

equivalent or greater than the Advance Outwash, such as, WSDOT Standard Specification 

9-03.13(1). This material can also be used to backfill over-excavations. To prevent compaction, heavy 

equipment and stockpiles should not be allowed on the subgrade surface. It may be prudent to 

conduct another PIT near the end of construction to verify that construction activities have not 

reduced the hydraulic conductivity. 

6.3.2 Foundations 

We understand that the underground vault will be supported on cast-in-place concrete spread footings 

near the elevation of the infiltration subgrade. Therefore it is assumed that the bearing soils will be 

subjected to saturation frequently due to stormwater infiltration through the bottom of the vault. The 

30% design uses perimeter strip footings and a single interior strip footing running the length of the 

vault.  

Footing Depths and Widths: For protection of the prepared foundation subgrade from disturbance and 

erosion, we have assumed the bottoms of all footings will bear at least 2 feet below adjacent grades. 

To minimize post-construction settlements, it is assumed footings would be at least 2 feet wide. 

Bearing Capacities: Spread footings founded on undisturbed, dense, Advance Outwash at least 

25 feet below the current ground surface, can be designed for an allowable bearing capacity of 

10,000 psf. This is based on a total post-construction settlement of 1 inch, in which case differential 

settlement between adjacent foundations should be less than 0.5 inch. The allowable bearing values 

have a factor of safety of 3 against shear strength failure.  
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Footing Width (feet) 

Allowable Bearing 

Capacity (psf) 

2 

4 

6 

8 

10 

4,300 

6,300 

8,300 

10,300 

12,300 

 

These values could be increased by at least one-third for seismic design conditions.  

Subgrade Protection: Given the high bearing pressure utilized for design, it will be important to protect 

the footing subgrades from disturbance. Excavation should be completed with a smooth-bucket (no 

teeth) within the footing subgrade area. The subgrade could then be protected by a few inches of 

washed crushed rock compacted with a hoe-pack.  

Seismic Design Conditions: In accordance with the 2012 International Building Code, we recommend 

using Site Class C, due to the density of the upper 100 feet of soil (based on geologic maps and our 

explorations). The soils are not likely to liquefy during an earthquake, based on the depth to 

groundwater and the density of soils. Based on review of International Building Code maps and more 

detailed U.S. Geological Survey (USGS) hazard mapping, AMEC recommends using the following 

parameters for International Building Code Seismic Site Class C: 

Ss = 1.281 SDS = 0.854 

S1 = 0.491 SD1 = 0.429 

 

6.3.3 Backfilling Around the Vault 

It will be important to backfill the around the vault in a controlled manner to prevent settlement, 

erosion, and excessive earth pressures on the vault walls. Our backfilled wall design 

recommendations and comments are presented below.  

Footing Backfill in the Interior of the Vault: To provide erosion protection and lateral load resistance, 

we recommend the footing excavations be backfilled within the vault with lightly compacted, washed, 

angular rock after the concrete has cured. The backfill material should be specified to allow the design 

infiltration rate and provide erosion protection and lateral load resistance for the structure.  

Hydrostatic Pressure: It may be possible for hydrostatic pressure to develop on the walls of the vault. 

This could happen due to water in utility trench backfill or shallow perched groundwater migrating to 

the vault wall backfill. Ideally, uncontrolled water would be prevented from flowing towards the vault as 
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much as possible and the vault would be designed to withstand temporary hydrostatic pressure. 

Alternatively, the wall backfill could be designed to drain potential groundwater seepage to the outside 

base of the foundations and into the Advance Outwash. This would allow drainage of water near the 

vault walls by way of infiltration below the base of the vault. Temporary hydrostatic pressure could still 

occur, but infiltration would reduce the frequency and magnitude.  

Wall Backfill on the Exterior of the Vault: Ideally, backfill on the exterior walls of the vault would 

consist of clean, free-draining, granular material, such as “Gravel Backfill for Walls” per WSDOT 

Standard Specification 9-03.12(2). This type of backfill will reduce the hydrostatic pressures, minimize 

the lateral earth pressure on the walls, and be relatively easy to backfill and compact during 

construction. Alternatively, excavated on site soils could be used for backfill in conjunction with a 

curtain drain of washed, round, drainage gravel.  

Backfill Above the Top of the Vault: Backfill placed on top of the vault structure should be a granular 

material compacted to prevent settlement. Potential backfill materials included the excavated soils, 

provided the soils are near the optimum moisture content for compaction. Other backfill soils, such as 

“Select Borrow” per WSDOT Standard Specification 9-03.14(2), may also be suitable. The weight of 

this backfill should be considered as a surcharge on top of the vault.  

Backfill Compaction: Backfill against the exterior walls of the vault should be compacted to a density 

between 90 and 95 percent of the maximum dry density (based on ASTM D-1557); a greater degree 

of compaction closely behind the wall would increase the lateral earth pressure, whereas a lesser 

degree of compaction might lead to excessive post-construction settlements. 

Applied Loads: Overturning and sliding loads applied to vault walls can be classified as static earth 

pressures, seismic earth pressures, surcharge pressures, and hydrostatic pressures (which were 

discussed previously). We offer the following values for preliminary design purposes. 

 Static Pressures: Yielding (cantilever) retaining walls should be designed to withstand an 

appropriate active lateral earth pressure, whereas non-yielding (restrained) walls should be 

designed to withstand an appropriate at-rest lateral earth pressure. These pressures act over 

the entire back of the wall. Assuming a level backslope or ground surface, we recommend 

using active and at-rest pressures of 35 pcf and 55 pcf, respectively, calculated from the 

ground surface to the base of the structure for backfilled walls.  

 Seismic Pressures: Although current engineering practice questions whether seismic lateral 

earth pressures need to be consider for buried structures, IBC does require seismic design of 

basement walls. Based on the IBC peak ground acceleration at the site of 40% of gravity, we 
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recommend using a seismic earth pressure of 55 pcf calculated as a triangular pressure 

distribution from the ground surface to the base of the structure. 

 Surcharge Pressures: Static lateral earth pressures acting on a retaining wall should be 

increased to account for surcharge loadings resulting from backfill to ground surface, any 

traffic, construction equipment, material stockpiles, or structures located within a horizontal 

distance equal to the depth of the vault wall. For simplicity, a traffic surcharge can be 

conservatively modeled as 250 psf applied to the actual ground surface. 

Resisting Forces: Static pressures, surcharge pressures, seismic pressures, and hydrostatic 

pressures are resisted by a combination of passive lateral earth pressure, base friction, and subgrade 

bearing capacity. Passive pressure resistance on the interior side of the vault footings will be small 

since the vault’s foundations will be relatively shallow in relation to the interior infiltration subgrade of 

the vault. If the vault is modeled as a single structure, then passive pressure against the outside wall 

of the vault will provide significant resistance. In this case, an allowable passive pressure of at least 

400 pcf may be used. A base friction coefficient of at least 0.4 will provide resistance along the bottom 

of the vault footings.  

6.4 Maintenance Recommendations  

Maintenance of the infiltration vault is a critical component for the long-term success of stormwater 

infiltration system. Regular, frequent inspection of the catch basins and the water quality treatment 

facility will be needed. The cartridges will need to be inspected and replaced on a prescribed schedule 

and the vault subgrade may need to be cleaned occasionally, depending upon performance and 

inspection results. Raking of the subgrade is anticipated, but if significant sediment has accumulated, 

then the sediment will need to be removed.  

7.0 CLOSURE 

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

AMEC performed and used for this study; therefore, if variations in the subsurface conditions are 

observed at a later time, modifications may need to be made to this report to reflect those changes. 

Because the future performance and integrity of the project depend largely on proper initial site 

preparation, drainage, and construction procedures, monitoring and testing by experienced 

geotechnical personnel should be considered an integral part of the construction process.  

AMEC appreciates the opportunity to be of service on this project. If you have any questions 

regarding this report, or any aspects of the project, please feel free to contact our office. 
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APPENDIX A 
FIELD EXPLORATION PROCEDURES AND LOGS 

3-917-17625-0 
 
 
The following paragraphs describe our procedures associated with the field explorations and field 

tests AMEC Earth & Environmental, Inc. (AMEC) conducted for this project. Descriptive logs of the 

explorations are enclosed in this appendix. 

Auger Boring Procedures 

AMEC’s exploratory borings were advanced with a hollow-stem auger, using a truck-mounted drill rig 

operated by an independent drilling firm working under subcontract to AMEC. An AMEC geologist 

continuously observed the borings, logged the subsurface conditions, and collected representative 

soil samples. All samples were stored in watertight containers and later transported to a laboratory for 

further visual examination and testing. After each boring was completed, the borehole was backfilled 

with bentonite chips, then topped with soil cuttings. The surface was patched with concrete dyed black 

to match the surrounding asphalt.  

Throughout the drilling operation, soil samples were obtained at 2.5- or 5-foot depth intervals by 

means of the Standard Penetration Test (SPT) per American Society for Testing and Materials 

D-1586. This testing and sampling procedure consists of driving a standard 2-inch-diameter steel 

split-spoon sampler 18 inches into the soil with a 140-pound hammer free-falling 30 inches. The 

number of blows required to drive the sampler through each 6-inch interval is counted, and the total 

number of blows struck during the final 12 inches is recorded as the Standard Penetration Resistance, 

or “SPT blow count.” If a total of 50 blows are struck within any 6-inch interval, the driving is stopped 

and the blow count is recorded as 50 blows for the actual penetration distance. The resulting 

Standard Penetration Resistance values indicate the relative density of granular soils and the relative 

consistency of cohesive soils.  

The enclosed Boring Logs describe the vertical sequence of soils and materials encountered in each 

boring, based primarily on the field classifications and supported by subsequent laboratory 

examination and testing. Where a soil contact was observed to be gradational, AMEC’s logs indicate 

the average contact depth. Where a soil type changed between sample intervals, AMEC inferred the 

contact depth. The logs also graphically indicate the blow count, sample type, sample number, and 

approximate depth of each soil sample obtained from the borings, as well as any laboratory tests 

performed on these soil samples. If any groundwater was encountered in a borehole, the approximate 

groundwater depth is depicted on the boring log. Groundwater depth estimates are typically based on 

the moisture content of soil samples, the wetted height on the drilling rods, and the water level 

measured in the borehole after the auger has been extracted.  
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Groundwater Well Installation Procedures 

The groundwater observation wells consist of 2-inch diameter polyvinyl chloride (PVC) pipe, the lower 

5 to 10 feet of which is finely slotted. The annular space around the slotted segment was backfilled 

with clean sand and the upper portion of annulus was sealed with bentonite chips and concrete. A 

flush-mounted monument was placed over the top of each wellhead for protection. The as-built 

configuration of each observation well is illustrated on the respective Boring Log. The logs also show 

any post-drilling groundwater levels measured in the wells, along with the date of measurement. 

Underground Injection Control Well Installation Procedures 

AMEC continuously observed the drilling and installation of the wells on September 14 and 15, 2013. 

The wells were drilled using truck-mounted drill rig equipped with a 12-inch outside diameter hollow 

stem auger. UICW-PS-10 was drilled to a depth of approximately 35 feet, and then a 35-foot long, 1-

inch diameter PVC pipe with the bottom 5 feet slotted was set in the center of the approximately 12-

inch diameter bore hole, as a port for measuring the water level in the well during infiltration testing. 

The uncased 12-inch diameter well was then backfilled with clean pea gravel (0.25 inch rounded rock) 

from a depth of 35 feet to 25 feet below ground surface. In order to create a seal between the well and 

the Glacial Till, an 8-inch diameter non-perforated PVC casing was set from 25 feet to the surface and 

sealed around the outside annulus of the casing with bentonite chips. The inside of the 8-inch PVC 

casing was backfilled with pea gravel to allow water infiltration to the Advance Outwash in the bottom 

portion of the well. Upon completion of the installation, potable water was added to water settle the 

pea gravel within the well. The completed well was protected by a flush-mounted steel monument set 

in concrete, and the casing was covered with a locking cap.  
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APPENDIX B 
LABORATORY TESTING PROCEDURES AND RESULTS 

3-917-17625-0 
 
 
The following paragraphs describe our procedures associated with the laboratory tests AMEC 

conducted for this project. Graphical results of certain laboratory tests are enclosed in this appendix. 

Visual Classification Procedures 

Visual soil classifications were conducted on all samples in the field and on selected samples in our 

laboratory. All soils were classified in general accordance with the United Soil Classification System, 

which includes color, relative moisture content, primary soil type (based on grain size), and any 

accessory soil types. The resulting soil classifications are presented on the exploration logs contained 

in Appendix A. 

Moisture Content Determination Procedures 

Moisture content determinations were performed on representative samples to aid in identification and 

correlation of soil types. All determinations were made in general accordance with ASTM D-2216. The 

results of these tests are shown on the exploration logs contained in Appendix A. 

Grain-size Analysis Procedures 

A grain-size analysis indicates the range of soil particle diameters included in a particular sample. 

Grain-size analyses were performed on representative samples in general accordance with ASTM D-

422. The results of these tests are presented on the enclosed grain-size distribution graphs and were 

used in soil classifications shown on the exploration logs contained in Appendix A. 
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Infiltration Modeling 
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