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EXECUTIVE SUMMARY AND FINDINGS  

Environmental Inc. completed this Wetland Delineation Report and Surface Water 

Evaluation (Report)  for Whitman County Parcel Number 2-0000-45-20-10-8900 

(Property). No wetlands or regulated  surface waters were identified on the Property.   

This Wetland Delineation Report was completed on behalf of and for the exclusive use 

of the client  and/or its agents, consultants, and contractors. The scope of services 

performed to complete this report  may not be appropriate to satisfy the needs of other 

users, and any other use or re-use of this report is at  the sole risk of said user. The 

findings and conclusions contained in this report are based upon the  currently accepted 

legal and regulatory requirements, agency guidance, and the best professional  judgment 

of the preparer. The findings presented herein apply to those conditions observed on the 

site  at the time of the evaluation. The timing of the field evaluation may not always 

coincide with the  growing season, identifiable phenological stages of vegetation, or 

during the hydrological active (wet)  season. Often time’s secondary indicators, 

interpretation of vegetation and hydrology indicators and  best professional judgment 

may be required to determine the presence or absence of wetlands. 

Future  environmentally significant changes may occur at the site, which could result in 

future findings and  conclusions differing from those contained in this report.   

 

 

 

Prepared by:  
David A. Armes  

Qualified Wetland Biologist  

Environmental Inc.  

Advanced Wetland Studies  

Rathdrum, ID 83858  

208.651.4536  

davidAarmes@gmail.com  

 
_________________________ 
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1. INTRODUCTION   

Environmental Inc. completed this Wetland Delineation Report and Surface Water 

Evaluation (Report)  for Whitman County Parcel Number 2-0000-45-20-10-8900 

(Property). The Property is located in  Whitman County, Washington in Section 10, 

Township 20N, Range 45E (Figure 1 Vicinity Map).  This Report is based upon the 

requirements and definitions contained in, and prepared in accordance  with, the Whitman 

County Code Section 19.63.703 – Wetlands. A site visit was completed on 11/13/23.   

1.1 Purpose  

The purpose of this Report is to document the presence or absence, and extent of 

wetlands or surface  waters located on the Property and determine jurisdictional status 

and regulatory requirements based  upon the findings.   

1.2 Regulatory Requirements  

This Report delineates, describes, and maps the presence and extent of wetlands, 

jurisdictional waters of  the United States and non-jurisdictional surface waters based 

upon definitions in the 1987 Corps of  Engineers Wetlands Delineation Manual 

(Environmental Laboratory. 1987); Interim Regional  Supplement to the Corps of 

Engineers Wetland Delineation Manual: Arid West Region V2.0 (U.S.  Army Corps of 

Engineers. 2008); Washington State Wetlands Identification and Delineation 

Manual  (DOE. 1997), and the Whitman County Code Section 19.63.703 – Wetlands.   

Federal  

The Clean Water Act is a federal act that regulates the placement of fill in jurisdictional 

wetlands and  waters of the United States. Section 404 of the Clean Water Act requires 

permits for filling jurisdictional  wetlands and waters of the United States. Section 404 

permits must be administered by the United  States Army Corps of Engineers (USACE) 

and certified by the state agency (as outlined in Section 401  of the Clean Water Act). 

Work within the boundaries of jurisdictional wetlands or the ordinary high-water mark of 

waters of the United States are regulated under the USACE permitting process.   

The USACE defines wetlands as those areas that are inundated or saturated by surface or 

ground water  at a frequency and duration sufficient to support, and that under normal 

circumstances do support, a  prevalence of vegetation typically adapted for life in 

saturated soil conditions. Generally, this definition  requires the three parameters of 

hydrophytic vegetation, hydric soils, and wetland hydrology be  simultaneously present. 

The USACE only regulates jurisdictional wetlands. Wetlands are 

considered  jurisdictional by the USACE if they are connected via surface water to 

jurisdictional waters of the  United States.   

Final determination of jurisdictional wetlands and waters of the United States is subject 

to approval by  the USACE. Wetlands and surface waters that are not under USACE 

jurisdiction may still require  permits for local, county, or state agencies.   

State  



The Washington State Department of Ecology (Ecology) defines and regulates 

wetlands as described in the Washington State Wetlands Identification and 

Delineation Manual and Wetland Rating System  for Eastern Washington (Hruby, T. 

2014). The Ecology wetland definition is based on the USACE  wetland definition and 

includes areas where hydrophytic vegetation, hydric soils, and wetland  hydrology are 

simultaneously present. Ecology may regulate wetland areas that are not 

considered  jurisdictional under section 404 of the Clean Water Act.  
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Local   

As defined in Whitman County Code Section 19.63.703 – Wetlands.   

2. METHODOLOGY  

The analysis for wetlands conducted on this site is based on the routine (on-site) 

methodology of the  USACE Wetlands Delineation Manual (Environmental 

Laboratory, 1987) and the Interim Regional  Supplement to the Corps of Engineers 

Wetland Delineation Manual: Western Mountains, Valleys, and  Coast Region. This 

method requires that evidence of three parameters (hydrophytic vegetation, 

hydric  soils, and wetland hydrology) be simultaneously present for a wetland 

determination (specific and  problematic situations may not always require all three 

parameters to be present).   

Two levels of information, preliminary research and a site-specific investigation have 

been gathered for  this analysis for the purposes of determining the presence and extent 

or absence of wetlands and water  bodies.  

2.1 Preliminary Research  

Environmental Inc. conducted a review of existing information to develop background 

knowledge of  physical features and to identify the potential for wetland occurrence on 

the Property. The following  information related to topography, drainage, and water 

features was obtained for preliminary review of  the site conditions:  

∙ National Wetland Inventory (NWI) (Figure 2. NWI),   

∙ Washington Department of Natural Resources (DNR) Forest Practices Application 

Mapping  Tool (Figure 3. DNR Stream Map).  

2.2 Site Specific Investigation  

The NWI did not identify any potential wetland areas on the Property. The DNR Stream 

Map did not  identify and potential streams on the Property. The entire Property was 

visually inspected for the three  wetland parameters of hydrology, hydric soils, and 

hydrophytic vegetation as necessary to assist in  identifying and determining wetland 

boundaries. One Data Plot was established to evaluate the three  wetland parameters 

(Figure 4. Data Plot Location; Photograph 1).   



2.2.1 Hydrology  

Wetland hydrology was evaluated at the DP 1 location as well as other locations 

throughout the site.  ∙ No wetland hydrology parameters were observed at DP 1.   

2.2.2 Soils  

In accordance with the methodology, soil samples were taken at all data plots and were 

examined for  indicators of hydric conditions. Hydric soils are those that are saturated, 

flooded, or ponded long  enough during the growing season to develop anaerobic 

conditions that favor the growth of hydrophytic  vegetation. Hydric soil indicators may 

include thick organic layers, gleying, or low soil matrix chroma  (chroma of one or less 

without mottles or chroma of two or less with mottles). Mottling may occur in  areas of 

fluctuating water table levels.   

∙ Hydric soil indicators were not present at DP 1.  
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2.2.3 Vegetation  

Formal sampling plots were established in areas of homogenous vegetation. Plant 

species on the site  were identified (Hitchcock and Cronquist, 1973 and Cooke, 1997). 

Vegetation is considered  hydrophytic (adapted to wet conditions) when over 50 

percent of the dominant plant species had an  indicator status of facultative (FAC), 

facultative wetland (FACW), or obligate (OBL).   

∙ Hydrophytic vegetation was present at DP 1.   

3. RESULTS  

No wetlands were identified on the Property.   

No DNR streams were identified on the Property.   

A natural drainage swale exists along the northwest portion of the property but 

does not meet the  wetland definition, nor does it contain a continuous bed, bank 

or channel.  
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Photographs   

Photograph 1. DP1 Location  
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Figure 1. Vicinity Map 
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Figure 2. National Wetland Inventory/Spokane County Interactive Map  

(The NWI does not show actual or regulatory wetland boundaries, rather serves as a very general 

guide  to potential wetland locations. Property lines are approximate). 
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Figure 3. DNR Stream Map 
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Figures 4. Data Plot Location  

 
  



 

 

 

Appendix A. Wetland Data Forms  
WETLAND DETERMINATION DATA FORM – Arid West Region   

Project/Site: Whitman County City/County: PN 200004520104900 Whitman Sampling Date:  11/13/23  
Applicant/Owner: Port of Whitman County State: Sampling Point: DP1 Investigator(s): David Armes Section, 

Township, Range: S10, T20N, R45ELandform (hillslope, terrace, etc.): slope Local relief (concave, convex, none): 
slope Slope (%):2-3%   -117.11556 Subregion (LRR): B Lat: 47.24446: Long: 117.11556  Datum: 
Soil Map Unit Name: 98—Tekoa silt loam, 3 to 25 percent slopes  NWI classification:  Are climatic / hydrologic 

conditions on the site typical for this time of year? Yes No (If no, explain in Remarks.)  ✔ 
Are Vegetation , Soil , or Hydrology significantly disturbed? Are “Normal Circumstances” present? Yes No  Are Vegetation , Soil , or 
Hydrology naturally problematic? (If needed, explain any answers in Remarks.)   
 

SUMMARY OF FINDINGS – Attach site map showing sampling point locations, transects, 
important features, etc.   

Hydrophytic Vegetation Present? Yes No  ✔  se 
Hydric Soil Present? Yes No  ✔  

Hydrophytic Vegetation Present? Yes✔ 

No 

Hydric Soil Present? Yes No✔ 

Wetland Hydrology Present? Yes 

No  ✔ 

Is the Sampled Area   
within a Wetland? Yes No ✔ 

Remarks:  

 

VEGETATION – Use scientific names of plants.   

 Absolute Dominant Indicator Tree Stratum (Plot size: ) 
% Cover Species? Status   
1.   
2.   
3.   
4.   
 = Total Cover  Sapling/Shrub Stratum (Plot size: 
)   

Dominance Test worksheet:  
Number of Dominant Species   

That Are OBL, FACW, or FAC: 2 (A)   

Total Number of Dominant   
Species Across All Strata: 3 (B)   

Percent of Dominant Species   
That Are OBL, FACW, or FAC: 66% (A/B)   



1.   
2.   
3.   
4.   
5.   

 = Total Cover   
Herb Stratum (Plot size: 144SF )   

1. Bromus inermis 50% Y UPL  

2. Leymus cinereus 30% Y FAC  
3. Cirsium arvense 15% Y FAC 

4.   
5.   
6.   
7.   
8.   
 = Total Cover  

 Woody Vine Stratum (Plot size: )   
1.   
2.   
 = Total Cover  % Bare Ground in Herb Stratum % 
Cover of Biotic Crust   

Prevalence Index worksheet:  
 Total % Cover of: Multiply by:  OBL species x 1 =   
FACW species x 2 =   
FAC species x 3 =   
FACU species x 4 =   
UPL species x 5 =   
Column Totals: (A) (B)   Prevalence Index = B/A =  

Hydrophytic Vegetation Indicators:  
 Dominance Test is >50%   
 Prevalence Index is ”3.01  
 Morphological Adaptations1 (Provide supporting   data in 
Remarks or on a separate sheet)   
 Problematic Hydrophytic Vegetation1 (Explain)   

1Indicators of hydric soil and wetland hydrology must  be 
present, unless disturbed or problematic.  

Hydrophytic   
Vegetation   
Present? Yes ✔ No    

Remarks:  

 

US Army Corps of Engineers Arid West – Version 2.0   
  



Sampling Point:  DP1 
SOIL 

Profile Description: (Describe to the depth needed to document the indicator or confirm the absence of indicators.)  
 Depth Matrix Redox Features   
 (inches) Color (moist) % Color (moist) % Type1 Loc2 Texture Remarks  
0-24     10YR4/3 

   

   

   

   

   

   

   
1Type: C=Concentration, D=Depletion, RM=Reduced Matrix, CS=Covered or Coated Sand Grains. 2Location: PL=Pore Lining, 
M=Matrix.  

Hydric Soil Indicators: (Applicable to all LRRs, 
unless otherwise noted)  
___ Histosol (A1) 
___ Histic Epipedon (A2) 
___ Black Histic (A3) 
___ Hydrogen Sulfide (A4) 
___ Stratified Layers (A5) (LRR C) 
___ 1 cm Muck (A9) (LRR D)  
___ Depleted Below Dark Surface (A11) 

___ Thick Dark Surface (A12) 

___ Sandy Mucky Mineral (S1) 

___ Sandy Gleyed Matrix (S4)    
___ Sandy Redox (S5)  
___ Stripped Matrix (S6) 
___ Loamy Mucky Mineral (F1)  
___ Loamy Gleyed Matrix (F2) 
___ Depleted Matrix (F3) 
___ Redox Dark Surface (F6)   
___ Depleted Dark Surface (F7) 
___ Redox Depressions (F8) 

___ Vernal Pools (F9) 

.Indicators for Problematic Hydric Soils3:  
___ 1 cm Muck (A9) (LRR C) 
___ 2 cm Muck (A10) (LRR B)  
___ Reduced Vertic (F18)  
___ Red Parent Material (TF2)  

___ Other (Explain in Remarks) 
 

 

 

 

 

 

 )3Indicators of hydrophytic vegetation and     

wetland hydrology must be present,   unless 
disturbed or problematic.  
 

 

Restrictive Layer (if present):   
 Type:   
 Depth (inches):  

Hydric Soil Present? Yes ✔ No ✔ 

Remarks:  

 

  



HYDROLOGY   

Wetland Hydrology Indicators:  
Primary Indicators (minimum of one required; check all that apply) ___ 
___ Surface Water (A1) 
___ Salt Crust (B11) (Riverine)   
___ High Water Table (A2)  
___ Biotic Crust (B12) (Riverine)  
___ Saturation (A3)  
___ Aquatic Invertebrates (B13)  
___ Water Marks (B1) (Nonriverine)  
___ Hydrogen Sulfide Odor (C1)  
___ Sediment Deposits (B2) (Nonriverine)  
___ Oxidized Rhizospheres along Living Roots (C3)  
___ Drift Deposits (B3) (Nonriverine)  
___ Presence of Reduced Iron (C4)  
___ Surface Soil Cracks (B6)  
___ Recent Iron Reduction in Tilled Soils (C6)  
___ Inundation Visible on Aerial Imagery (B7)  
___ Thin Muck Surface (C7)  
___ Water-Stained Leaves (B9)  
___ Other (Explain in Remarks)  

Secondary Indicators (2 or more required)   
___ Water Marks (B1) 
___ Sediment Deposits (B2) 
___ Drift Deposits (B3) (Riverine) 
___ Drainage Patterns (B10) 
___ Dry-Season Water Table (C2) 
___ Crayfish Burrows (C8) 
___ Saturation Visible on Aerial Imagery (C9) 
___ Shallow Aquitard (D3) 

__✔_ FAC-Neutral Test (D5) 

Field Observations:  
Surface Water Present? Yes No Depth 
(inches):  Water Table Present? Yes No Depth 
(inches):  Saturation Present? Yes No Depth 
(inches):  (includes capillary fringe)  

Wetland Hydrology Present? Yes No ✔ 

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available:  

Remarks:  

 

US Army Corps of Engineers Arid West – Version 2.0   
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Tekoa Industrial Development 

53541 State Route 27 

Tekoa, Washington 

INTRODUCTION 

GeoProfessional Innovation Corporation (GPI) explored the subsurface conditions within the proposed 

development area and prepared geotechnical recommendations to assist project planning, design, and 

construction. Our geotechnical exploration and evaluation services were performed in reference to the 

authorized scope of services dated November 20, 2023. To accomplish our evaluation, we performed the 

following scope of work: 

 

Exploration 

1. 

 

2. 

 

3. 

 

Laboratory Testing 

4. 

 

Engineering Analyses & Deliverable Preparation 

5. 

6. 

PROJECT UNDERSTANDING 

Existing Site Conditions 

The site is a 14-acre parcel (200004520108900) with a 1,775-foot-long airstrip that is half paved and half gravel 

surfaced. Additionally, the property is developed with a 4,800-square-foot (sf) hangar and 5,250-sf hangar, 

shop, and office building. The property was initially developed in 1980 with the larger building and the second 

hangar constructed in 1998. The property has a dedicated water well, septic system, and public electric utilities. 

The site is currently zoned for agricultural use and past use has been for agricultural chemical application via 

aircraft spray operations. There is an existing concrete slab between the 2 hangar buildings that was used for 

parking aircraft. The site slopes down to the south and west gently to moderately. 



 

 

 

 

Proposed Construction 

From our discussions with Mr. Tom Stirling with SynTier Engineering, Inc. (SynTier), and reviewing preliminary 

grading plans prepared by SynTier, we understand the site will be graded for constructing an industrial park 

development with multiple tiers and building pads incorporated into the existing sloped site topography. 

Preliminary grading plans prepared by SynTier provided to GPI on January 25, 2024 show cuts below existing 

grades up to 15 feet and fill embankments up to 20 feet above existing grades on 4 separate lots. We expect 

soil generated from cuts will be reused on site as embankment fill to nearly balance site earthwork. Currently, 

no retaining walls are planned to achieve finished grades. SynTier is designing site grading to incorporate 

primarily 2H:1V (horizontal to vertical) cut and fill slopes. 

 

Site infrastructure will include asphalt paved roads and parking areas, concrete hardscapes, utility installations, 

and stormwater management. Site drainage will be directed to various detention areas at each of the 4 tiers 

of graded development from the northeast at the highest elevations to the southwest toward the highway. Each 

of the 4 detention areas will be constructed primarily in cuts below existing grade. However, the southwest 

sides of the detention areas may comprise fill embankments, designed by SynTier with slopes set at 3H:1V 

(horizontal to vertical or flatter). 

The planned improvements will include constructing 6 total building structures on 4 separate elevation tiers of 

development. We anticipate planned structures will comprise 1- to 2-story, steel-framed buildings supported 

on shallow foundations and concrete slab-on-grade floors. These buildings are not designed yet and therefore, 

there are no load estimates. For our analyses, we are assuming 2 to 3 kips per linear foot along walls and 20- to 

30-kip column loads. Currently, buildings are planned entirely in cut, entirely in fill, and in a few locations, 

spanning cut and fill. 

SUBSURFACE AND LABORATORY EVALUATION 

Subsurface Exploration 

GPI performed our initial site subsurface exploration on April 21, 2023 during a separate scope of work with 

the Port to investigate potential environmental concerns associated with the historic property use. This 

exploration included 2 soil borings extending approximately 21.5 feet below the ground surface and 10 test 

pits extending up to 7.0 feet deep. Our recent exploration was advanced on December 19, 2023 and included 

8 test pits extending 6.5 to 10 feet below the ground surface. Plate 1 shows a vicinity map inset with SynTier’s 

conceptual site plan overlaid on the existing parcel. Plate 2 shows exploration locations from both April and 

December 2023. 

 

Soil borings advanced in April 2023 were performed with a trailer-mounted G-2400 drill rig equipped with 

hollow stem augers and Standard Penetration Test (SPT) sampling equipment. Test pits in April 2023 were 

performed with a Takeuchi 3440B track-mounted excavator and in December 2023 with a track-mounted 

Deere 50G excavator equipped with a 24-inch-wide bucket with standard soil excavation teeth. During 

exploration, our geologists visually classified, described, and logged the soil encountered in reference to the 

Unified Soil Classification System (USCS). We also collected select in-place soil samples from various depths and 

locations for subsequent laboratory testing. Test pits were backfilled with site soil upon completion. Exploration 

logs and the USCS are presented in Appendix A. 

 

Infiltration Testing 

Infiltration testing was accomplished in test pits TP-23247A-14 and TP-23247A-18, at 2.0 and 4.0 feet below 

the ground surface, respectively. We performed infiltration tests referencing the Ring Infiltration Method 

outlined in Appendix 6B of the Washington Department of Ecology’s (WDOE) Stormwater Management Manual 

for Eastern Washington. Infiltration tests were performed in the silt (TP-23247A-14 at 2.0 feet) and 



 

 

Laboratory Testing 

We performed laboratory testing referencing applicable ASTM International procedures. Test results are 

provided in Appendix B. The following laboratory tests were conducted for this project: 

 

 Natural moisture content 

 Gradation 

 Atterberg Limits 

 In-situ Density 

 Proctor 

 California Bearing Ratio 

 

The index tests performed will be used to correlate geotechnical design parameters and used to specify 

earthwork requirements. 

 

Subsurface Conditions 

Across the various exploration and remediation excavations we encountered topsoil at the ground surface 

comprising mixed clay and silt that was dark brown, soft, and moist, and contained vegetation and organics 

extending 0.3 to 0.8-feet-thick. Beneath topsoil, we encountered uncontrolled fill associated with site grading 

in test pits TP-23247A-11 and TP-23247A-12 extending 1.0 and 1.5 feet below the ground surface, respectively. 

Uncontrolled fill containing various household trash and debris including books, wood, plastic debris and ash 

were also observed in TP-23247A-5 and extended 1.5 feet below the surface. These test pits are located 

between the 2 existing hangar buildings on the northeast portion of the site. 

In several test pit locations, a layer of silt loess was encountered beneath the topsoil that was dark brown, firm 

and moist. The loess extended between 2.0 to 2.5 feet below the surface where encountered. As the 

explorations advanced to the southwest of the existing hangar buildings, the layer of loess became thinner and 

was not observed in test pits TP-23247A-17 and TP-23247A-18. Underlying the silt loess was reddish brown to 

orange silty gravel colluvium that was medium dense to very dense and moist. The silty gravel contained 

weathered rock pieces that were blocky and angular and ranged from a few inches in diameter to over 1-foot. 

The weathered rock particles observed in the test pits are metasedimentary rocks from the Tekoa Mountain 

formation outcropped to the northeast that have been mobilized by gravity. Where the silty gravel was 

encountered, it extended to the depths explored in test pits and borings. We expect silty gravel will grade to 

weathered residual bedrock at depth. 

 

Groundwater was encountered as seeps in isolated test pits at the interface between the silt and silty gravel. 

Consistent perched groundwater was not encountered in the borings that extended up to 20 feet below the 

ground surface. Bedrock was not encountered in the depths or locations explored. 

GEOTECHNICAL OPINIONS AND RECOMMENDATIONS 

The planned grading combined with the site subsurface conditions led our analyses to focus on 3 primary areas 

of geotechnical interest: embankment settlement, slope construction, and foundation performance. There are 

several other geotechnical factors related to the soil encountered that can contribute to the performance of 

various planned improvements that we also address herein. Further, note that the overall site configuration 

was not defined at the time of our exploration. The collective explorations focused on planned Lots 2 through 

4. Lot 1 boundaries and plans for development were not established and thus, not contemplated as part of 

exploration at the time of our work. Based on exploration in the remain lots and traversing Lot 1 at the surface, 
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4 we do not expect the site surface soil or underlying geology will realize substantial changes. However, 

extrapolating this report’s findings to Lot 1 has some risks that must be considered by the design team, the 

Port, and future tenants. 

 

The soil encountered in explorations comprises a thin (~2 feet) layer of silt overlying silty gravel with isolated 

areas of uncontrolled fill associated with prior site uses and development. The fines (amount of silt and clay) 

component of these soil units will dictate the viable time frame and applicability for reuse as part of site 

grading. Where large fills are planned to be constructed, these embankments and the underlying soil will settle 

over time due to the embankment load as well as the future building loads configured above them. 

Consolidation is a time dependent settlement process driven by the soil and moisture conditions at the base 

of embankments and the extent embankment soil is compacted. We address compaction requirements, future 

development timing, and consolidation potential for your consideration and planning in this report. 

SynTier’s grading design establishes relatively large soil cut and fill slopes at 2H:1V. While 2H:1V cut slopes 

generally perform without deep-seated slope failures, they are difficult to revegetate and often experience 

shallow to moderate erosion and sloughing during wet periods of the year. This becomes a maintenance 

consideration for the Port, and can impact potential tenants throughout the development’s life. Fill slopes 

constructed at 2H:1V will experience sloughing and erosion until vegetation is established, and can experience 

deep seated failure where aggressive surface drainage measures are not implemented. It is important for the 

Port of Whitman to consider their risk and maintenance tolerance of slopes as design is finalized and 

construction advances. Further, communication between the Port and civil design team is critical to configuring 

lots and grading to meet long-term objectives. 

 

Once exposed in either native cuts or at finished embankment elevations, the silt and clay loess and the 

underlying silty gravel colluvium soil allows for very little infiltration. The site soil has a low erosion potential; 

however, it has a very high runoff potential, which is most often realized during late winter and spring 

precipitation events. SynTier plans stormwater conveyance features that ultimately collect stormwater on each 

lot and direct detention systems positioned at the lowest elevation on each lot for ultimate disposal via overflow 

to natural drainages. Controlling stormwater is a critical part of reducing the potential for slope instability and 

embankment consolidation for long-term infrastructure performance. 

 

The following geotechnical opinions and recommendations are provided to assist project design and 

construction for the Port Industrial Development in Tekoa, Washington. We base our analysis and 

recommendations on our site observations, specific exploration and laboratory results, engineering analyses, 

and experience with similar soil conditions. If design plans change substantially or subsurface conditions 

encountered during construction vary from what was observed in our field evaluation, notify GPI to review the 

report recommendations to make necessary revisions. 

 

Embankment Design 

Embankment construction and the resulting settlement impacts to the planned improvements are a primary 

geotechnical concern for this project. Some of the planned improvements will bear entirely on cuts into native 

soil. Other features will bear entirely over fill embankments. Some features will span a combination of cut and 

fill at finished grades. Embankment fill will settle over time. Therefore, infrastructure, buildings and other 

features constructed on fill or a combination of cut and fill need careful planning and consideration to reduce 

settlement impacts to the planned future structures. 

 

Embankment settlement occurs as the underlying native soil comes to equilibrium with the weight of the new 

fill soil and as the embankment settles under its own weight. Because the site soil is fine grained or in areas, 

contains significant fines, the settlement process (consolidation) takes time. Embankment fill itself will settle 
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5 relative to the level of compaction specified, or more importantly, the compaction level ultimately achieved 

during construction. From our calculations and assuming drained conditions, we estimate embankments less 

than 20 feet tall will experience total consolidation ranging from 0.3 to 0.7 percent of the total embankment 

height. This correlates to settlement potential for the tallest planned embankments between 0.7 and 1.7 

inches. Obviously, if the largest settlement estimates occurred entirely post-construction, it would be 

unacceptable. Fortunately, with drained subgrade conditions, at least 50 percent of this settlement will occur 

as fill is placed. 

 

At this time, SynTier shows that most of the planned improvements are situated over shallow (<5’) 

embankments or on cuts. Therefore, we do not anticipate embankment consolidation settlement will impact 

building development, assuming this report’s recommendations are incorporated into earthwork and good 

construction practices are implemented. However, Lot 1 conceptually places a building over 8-foot-deep cuts 

at the northeast corner and 8-foot-deep fills at the southwest corner. Buildings on Lots 2, 3, and 4 are well 

configured either entirely on cut or entirely on shallow fill. At Lot 1, we recommend site grading commence and 

the underlying soil be allowed to come to equilibrium with the new embankment load for at least 1 year prior 

to initiating building construction. 

 

Cut and Fill Slope Stability 

Cut and fill slopes will be constructed as part of the planned development. Planned improvements must be set 

back from slopes in accordance with the International Building Code (IBC) and Whitman County requirements. 

In addition to these IBC requirements, GPI recommends building foundations situated atop slopes maintain at 

least 15 feet horizontal setback distance from any slope surface. This configuration is illustrated in Figure 1, 

Embankment Construction Schematic. From initial SynTier building layouts, this configuration requirement 

appears to be met with the exception of the south building foundation line on Lot 1. We recommend revising 

this building location to obtain adequate setback from the slope. 

 

Figure 1: Embankment Construction Schematic 
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6 Based on the grading plan developed by SynTier, GPI analyzed the tallest cut and fill slope sections with the 

assumption that structures will be set back from the toe or crest of slopes per IBC Section 1808.7 and the 

recommendations outlined herein. We used the computer software SLOPE/W, developed by GEO-SLOPE 

International, Ltd. to estimate slope stability at select locations within the planned development. SLOPE/W 

searches for the potential failure surface with the lowest safety factor by calculating safety factors on many 

different potential failure surfaces using various slope stability analysis methods. Our analyses evaluated 

potential failure surfaces at locations we consider representative of critical (tallest) slopes to be constructed 

during mass grading for the project. These slopes occur on the east (cut) and west (fill) sides of Lot 1. The 

approximate section alignments used in our analysis are labeled A-A’ (cut) and B-B’ (fill) as shown on Plate 2. 

The cross-sectional site subsurface geometry used in our analysis is illustrated on Figures C.1 and C.4 in 

Appendix C. This geometry was interpolated from the conditions encountered on explorations in other site 

areas. 

 

Our analyses provide estimated factor of safety (FOS) against global slope failure for the slope inclinations 

planned by SynTier at critical sections. The lowest FOS are estimated for circular slope failure paths. It is 

important to note that surface slope failures will occur and will require heightened maintenance until drainage 

paths and vegetation are re-established. We summarize our stability analysis results in Table 1 below as well 

as illustrated on Figures C.2 and C.3 and C.5 and C.6 in Appendix C. 

 

We modeled slopes in dry conditions as well as wet conditions. Provided topography grades to direct runoff 

away from slopes, slopes should be dry most of the time. However, during late winter and spring months of the 

year, where stormwater accumulates in ponds at the toe of the slope or if septic water infiltrates laterally and 

daylights on slopes, wet or saturated conditions can occur. As noted in the “wet conditions” stability analyses, 

both cut and fill slope models predict a significant reduction in the overall FOS. Therefore, drainage is critical 

to slope performance. Also, if individual lot development positions structures or stormwater infiltration features 

closer than specified herein, instability or settlement may impact foundation or slab performance. 

 

Table 1. Stability Analysis Results: Deep-Seated Failures 
 

Critical 

Sectio

n 

Slop

e 

Type 

Soil 

Conditions 

 

Inclination 

 

Surcharge 

Surface 

Moisture 

Conditions 

FOS 

Dry 

FOS 

Wet 

Appendix 

C Figure 

A-A’ Cut 
Silt over Silty 

Gravel 
2H:1V N/A Dry/Wet 2.76 1.36 C.2/C.33 

 

B-B’ 

 

Fill 

Embankment 

Fill over Silt 

and Silty 

Gravel 

 

2H:1V 

 

250 psf1 

 

Dry/Wet 

 

1.462 

 

1.072 

 

C.5/C.63 

1. 
2. 
3. 

 

We correlated soil-engineering parameters for stability analyses from field observations, laboratory tests, and 

our experience with the site soil. Our analyses and experience with similar developments suggests that when 

cut slopes in native soil remain dry, they can be constructed as steep as 2H:1V with FOS substantially above 

1.5, consistent with the geotechnical standard of care for similar developments. When we model cut slopes 

that become saturated, the FOS significantly decreases and is below 1.5 as shown on Plate C.3. 
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7 We expect site silt near the surface will be blended with the silty gravel at depth to be placed as structural 

embankment fill. Our experience is that when recompacted as structural fill for embankments, the soil’s native 

structure is disturbed and the apparent cohesion and internal friction decrease; we modeled this in our 

analyses. Because of the reduced strength, dry fill slopes constructed at 2H:1V have FOS slightly lower than 1.5 

as shown in Table 1 and on Figure C.5 and C.6 in Appendix C. If fill slopes become saturated, our models predict 

a high risk of slope instability at 2H:1V configurations. 

 

Slope Maintenance Considerations 

We strongly recommend SynTier plan to install erosion matting, re-establish surface vegetation, preclude long 

term irrigation, and other measures to reduce slope erosion and instability. This will help reduce the most 

probable slope failures associated with surficial sloughing. Additionally, it is critical that surface runoff be 

diverted away from slopes to avoid infiltration and near-surface saturation; the leading causes of fill slope 

instability. 

 

It is necessary to provide appropriate erosion control measures above, on, and below slopes such as 

hydroseeding, erosion control blankets, or other landscaping to reduce the potential for sloughing and erosion. 

At a minimum, slopes must be re-seeded with an appropriate dryland seed blend at the completion of 

construction and during appropriate germination periods specified by an experienced Landscape Architect or 

hydroseeder. Typically, hydroseeding is moderately successful during spring months and between October and 

early November with decreasing success before or after these periods. We recommend a follow-up and/or spot 

hydroseeding application be specified within 6 months of the first application to improve uniform vegetative 

growth. 

Irrigation on lots, but specifically at slope faces, should be discouraged, recognizing the risks of surface 

saturation or irrigation system failures that can saturate the entire slope system. Vigorously maintain slopes 

until vegetation has the opportunity to establish itself. Minor sloughing and surface erosion should be expected 

along slopes until vegetation is established. Surface grading must not allow water to drain over slope faces. 

 

Earthwork 

Site Stripping 

At the onset of earthwork, locate and remediate test pits located in planned development areas. Test pits in 

deep cut areas do not require remediation as they will be excavated as part of the grading process. Excavate 

loose test pit backfill and replace it with General Structural Fill to the ground surface. 

 

Remove surface soil that contains vegetation and organics to at least 5 feet horizontally outside the planned 

grading limits, future buildings, and roadways. In the exploration locations, GPI generally observed 0.3 to 0.8 

feet of surface topsoil containing vegetation and organics. However, topsoil thickness will vary across the site. 

Strip and stockpile topsoil for landscaping purposes, slope dressing, or remove it from the site. For bidding 

purposes, we recommend an average stripping depth of at least 0.5 feet. 

 

Uncontrolled Fill 

Uncontrolled fill was encountered in isolated site areas and in some of those areas, it contained various 

deleterious debris. Uncontrolled fill is not suitable to remain in place below future developments. Excavate and 

remove all uncontrolled fill to expose native subgrades. Where uncontrolled fill does not contain debris, 

organics, or other deleterious material, it may be reused as General Structural Fill. All debris and organics shall 

be segregated and removed from the site. 



 

Excavation Characteristics 

From exploration and experience with earthwork operations on similar projects, we expect the on-site soil may 

be excavated with large, conventional equipment. Depending on the contractor’s excavation approach, 

scrapers may be used for mass grading. Zones of stiff clay loess and relatively dense silty gravel colluvium 

should be expected that require ripping prior to excavation with scrapers. We recommend contractors visit the 

site prior to bidding to assess moisture conditions, which can impact their planned earthwork and mass grading 

equipment usage on the site. Contractors should maintain equipment capable of manipulating larger cobble 

and small boulder components encountered in the silty gravel soil unit. 

Soil excavations must be sloped in accordance with Washington Industrial State Health Act guidelines (WISHA). 

When in an undisturbed and dry condition, site soil classifies as type C soil, which can be sloped as steep as 

1.5H:1V under temporary and dry conditions. Specifically, where soft and wet soil exists, excavations may 

require flatter slopes to maintain temporary stability. Earthwork contractors must evaluate each excavation 

configuration specific to WISHA guidelines and seek appropriate professional guidance to help ensure the 

excavation safety and stability. 

 

Bedrock and consistent groundwater were not encountered in the locations explored. However, note that the 

entirety of the site was not explored. Additionally, deep cut areas are planned and exploration did not extend 

to or beyond the depth of some of those cuts. Therefore, project earthwork specifications should consider 

establishing alternate unit costs for bedrock excavation, although not anticipated. 

Establishing Subgrades 

The project encompasses many different improvements (i.e. embankments, pavements, hardscapes, 

foundations, etc.), and will span various soil conditions that require attention to subgrade preparation 

procedures. Once topsoil is removed, expose native soil, scarify, moisture-condition, and recompact subgrades 

to Structural Fill requirements to at least 0.7 feet below the subgrade elevation. Moisture conditioning may 

take considerable time and effort depending on the time of year earthwork occurs. If moisture conditioning 

and recompaction efforts fail, or project schedules will not allow time for recompaction, over-excavate unstable, 

wet soil and replace it with granular structural fill as discussed in the Wet Weather/Wet Soil and Structural Fill 

sections. 

 

The site’s existing fine-grained soil is extremely moisture sensitive and subject to disturbance due to 

construction traffic, varying weather conditions, and other factors. Disturbance will negatively impact the soil’s 

performance beneath and within embankments, below pavements, foundations, and other improvements. 

Disturbed soil shall not be allowed below or within embankments, pavements, or any other improvements. 

Careful earthwork construction procedures and proactive measures are critical to achieving adequate subgrade 

preparation and reducing over-excavation and rework. Specifically, these procedures could include, but are not 

limited to: 

 

 Carefully staging equipment and/or stockpiles 

 Routing construction equipment and runoff away from subgrades 

 Scheduling subgrade preparations during good weather 

It is the contractor’s responsibility to protect subgrades throughout construction. Subgrade disturbance that 

occurs due to the contractor’s means and methods must be repaired at no cost to the Port. We expect 

subgrades will be exposed to various weather conditions that will result in some rework. To reduce rework, we 

recommend SynTier incorporate provisions into the project specifications to require that contractors implement 

subgrade protection measures between construction seasons. These measures could include but are not 

limited to: 



 

Page 

9  Implementing aggressive site surface and subsurface drainage procedures to help reduce 

saturating subgrades during wet weather conditions. See the Site Drainage report section herein for 

additional 

recommendations. 

 Leaving subgrades at least 1 foot high (above) as interim construction surfaces to reduce the risk of 

weather-related disturbance (freezing & saturation) extending below the next season’s starting 

subgrade surface. 

 

Wet Weather/Wet Soil Construction 

It is important that earthwork construction take place during dry weather conditions. Successful earthwork 

operations can be difficult or impossible during wet or freezing seasons on the Palouse (typically November 

through June). The near surface fine-grained site soil will be susceptible to pumping or rutting from heavy loads 

such as rubber-tired equipment or vehicles any time of the year. Recompacting site soil to structural fill 

conditions requires considerable moisture conditioning and soil processing during warm, dry weather. Where 

pumping or rutting at the subgrade exists and adequate moisture conditioning does not remedy these 

conditions, remove soft and wet areas with smooth blade equipment at the Port’s or their design team’s 

direction. Over-excavation depths will vary with site moisture conditions. Replace these over-excavations with 

Granular Structural Fill or Crushed Surfacing atop Geotextile as described in subsequent Structural Fill report 

sections. Where soft, disturbed soil is not removed and replaced in this manner, additional settlement and 

instability is possible. 

 

Earthwork should not be performed immediately after rainfall or until soil can dry sufficiently to allow 

construction traffic without disturbing the subgrade. Accomplish earthwork by track-mounted equipment that 

reduces vehicular pressure applied to the soil if construction commences in wet areas and/or before soil can 

dry. Depending on precipitation, runoff, and perched groundwater conditions encountered during construction, 

we anticipate the soil will be slightly to moderately over optimum moisture content. In some locations such as 

low-lying site areas, and where seeps and springs are encountered in cuts, soil may be over- optimum moisture 

content. These conditions require substantial effort to collect and direct water away from work areas, and 

preclude it from impacting soil to be used for embankment construction. Contractors should expect these 

conditions and be prepared to install runoff management facilities and to replace wet or disturbed soil with 

Granular Structural Fill. Drying can be accomplished by ripping and aerating the wet soil during dry weather 

conditions. Depending on conditions encountered at the time of construction, ripping and aeration of site soil 

can require several days or weeks to dry it to a moisture content suitable for compaction. 

 

Structural Fill Criteria 



 

Table 2. Structural Fill Specifications and Allowable Use 
 

Structural 

Fill 

Product 

Allowable Use Material Specifications 

 

 

 

General 

Structural 

Fill 

 

• Mass grading 

• Embankment 

fill construction 

• Utility trench backfill 

outside of the pipe 

bedding zone 

• Soil classified as GP, GM, GW, SP, SM, SW, CL, or 

ML according to the USCS 

• May not contain particles larger than 0.7 feet in 

median diameter 

• Site soil moisture conditioned to levels appropriate 

for compaction 

• Soil consisting of inert earth materials with less than 

3% organics or other deleterious substances (wood, 

metal, plastic, waste, etc.) 

 

 

 

Granular 

Structural 

Fill 

• Over-excavations 

• Embankment substrates 

• Temporary haul roads 

• Temporary platforms 

• General Structural Fill 

applications. 

• Soil meeting requirements stated in WSDOT 

Standards Section 9-03.14(1) – Gravel Borrow 

• May not contain particles larger than 0.3 feet in 

median diameter 

• Ripped or shot bedrock (shotrock) meeting 

general structural fill requirements 

• Larger particles may be used for certain 

applications, only with GPI’s prior approval. 

Crushed 

Surfacing 

• Asphalt, hardscape, 

and slab support 

aggregate 

• Granular Structural Fill 

applications. 

• Soil meeting requirements stated in WSDOT Standards 

Section 9-03.9(3) – Crushed Surfacing 

• Includes top and base course 

Pipe Bedding 
• Trench backfill within 

1 foot of utility pipes 

• Soil meeting requirements in WSDOT Section 9-

03.12(3) 

- Gravel Backfill for Pipe Zone Bedding 

Drain Rock 
• Subsurface drains 

• Drainage features 

• Gravel meeting requirements stated in WSDOT 

Section 9-03.12(4) – Gravel Backfill for Drains 

The site soil is expected to be suitable for reuse as General Structural Fill providing it can meet the criteria 

presented in Table 2. The various earthwork requirements for establishing subgrades and using site materials 

require a responsive contractor capable of delineating structural fill zones and appropriate material 

applications. Further, structural fill must be placed uniformly from the specified subgrade elevations in uniform 

lifts and compacted to the required density under close supervision by the Port’s site representative and 

monitored by GPI. 

Required Compaction 

Appropriate embankment and subgrade compaction reduces long-term embankment consolidation potential, 

reduces the probability of multiple construction iterations and rework and overall improves embankment 

performance. Therefore, GPI recommends the compaction requirements outlined in Table 3 be specified in 

earthwork construction documents. 



 

Table 3. Required Compaction and Products for Designated Project Areas 
 

Project Area Required Structural Fill Product 
Compaction 

Requirement1 

Embankment Subgrades Native soil beneath embankments 92%2 

Hardscape Subgrades 
Native soil 95%2 

Structural Fill 95%2 

Structural fill for mass grading, 

embankment 

construction, utility trench backfill 

General, Granular, and Crushed Surfacing 

Structural Fill 
95% 

Foundation & slab section subgrades Native soil or Structural Fill 95% 

1. 

2. 

 

Structural fill products and existing subgrades must be moisture conditioned to near optimum moisture content 

and placed in maximum 1-foot-thick, loose lifts. This assumes large, appropriate compaction equipment is 

used to attempt compaction. If smaller or lighter compaction equipment is provided, reduce the lift thickness 

to meet the compaction requirements presented herein. 

 

Materials used as structural fill having more than 30 percent by weight coarser than ¾ inch are too coarse for 

Proctor density testing (i.e. oversized material). Provided the oversized soil is 1-foot-minus and well graded, it 

may be placed in lifts up to 1.5 feet thick. Larger particles may be used in certain applications only with GPI’s 

prior approval. However, under no circumstances should site soil and oversized soil be placed in alternating 

layers that are subject to particle migration without separating geotextiles. Additionally, oversized soil placed 

as structural fill must be compacted using a “method specification” which typically requires at least 5 complete 

passes of a 10-ton or larger, vibratory or grid roller. A typical method specification is provided in the latest 

WSDOT Standards, Section 2-03.3(14) Rock Embankment Construction. However, it is common that method 

compaction specifications are developed during construction, specific to the materials and conditions 

encountered. 

The compaction effort must create a dense and interlocking surface that does not exhibit pumping, rutting, or 

deflection beneath construction equipment and is free of loose soil debris and standing water. Where adequate 

compaction equipment cannot access oversized fill soil areas, it shall not be utilized. Method compaction and 

all fill placements must be observed by GPI on a near full-time basis at the onset of placement to establish final 

roller pass requirements and to verify the material is compacted to a dense interlocking condition that does 

not yield beneath heavy construction equipment. 

 

Embankment Construction 

The key to reusing the site soil for embankment construction is to coordinate earthwork in dry weather and to 

appropriately stage earthwork to facilitate moisture conditioning before attempting compaction. Further, to 

achieve compaction and consistent embankment performance, careful subgrade preparation is required to 

remove all soft, wet, pumping, or other inconsistent soil such that a firm and stable substrate exists to begin 

embankments. In our opinion, it is most important to: 

 

1. 



 

2. 

 

3. 
 

Construct fill embankments with General Structural Fill and properly key the fill into existing slopes as 

illustrated on Figure 1. Where proper keying into native soil, and adequate compaction are not achieved, 

differential embankment performance will be realized. 

 

Utility Trench Construction 

Loose soil must be removed from the base of utility trenches prior to placing pipe bedding. If encountered, 

groundwater and soft, saturated soil must be removed from the bottom of the utility trench before placing pipe 

bedding. We recommend utility pipes be placed and supported according to the pipe manufacturer’s 

specifications. 

 

After bedding the pipe, place, and compact structural fill from the pipe invert to 1 foot above the top of the 

pipe with tamping bars and plate compactors to render the backfill in a firm and unyielding condition. Backfill 

must also be thoroughly placed and compacted below pipe haunches or the zone between the pipe invert and 

the spring line. To accomplish backfilling, the distance between the side of the pipe at the spring line and the 

trench wall should be at least 1 foot. The remainder of the utility trench should be backfilled in accordance with 

this report’s Structural Fill section. It is important to key backfill into trench sidewalls creating a uniform 

transition between structural fill and adjoining native or embankment soil. Equally important is that for trench 

backfill on slopes, it is critical that backfill meet structural fill requirements and that drainage is directed away 

from trenches to reduce the potential for erosion. Steep gradient utility trenches may require specific backfill, 

trench plug, or collar construction as specified by SynTier to reduce pipe movement and infiltration along pipe 

bedding. We recommend all fill placed within 5 feet (laterally) of manholes or subsurface catch basins crushed 

surfacing and be separated from native or fill soil with a non-woven geosynthetic fabric. 

 

Earthwork Shrinkage/Bulking Considerations 

GPI reviewed soil bulking and shrinkage factors to assist earthwork volume estimation. As presented in the 

Subsurface Conditions section, the on-site soil is a combination of fine-grained silt and underlying silty gravel, 

which can vary considerably both in “in-place” density and in theoretical maximum dry density (Proctor values). 

In our experience, we estimate a soil shrinkage factor between 16 to 25 percent when the site soil is excavated 

from its native condition, thoroughly mixed, and placed as structural fill, referencing this report’s minimum 

structural fill requirements. When excavated in place and wasted, we expect the site soil to bulk between 22 

and 26 percent depending on moisture content. 

 

Compaction Documentation 

Successful earthwork activities are important to the project’s long-term performance. Retaining experienced 

earthwork contractors is the first step in having confidence that earthwork will be performed referencing this 

report’s requirements. Providing the necessary testing and engineering documentation of earthwork activities 

is the second step. The criteria below outline the minimum testing and observation frequencies to implement 

during earthwork and infrastructure construction. 

 

1. 



 

2. 

 

3. 

 

4. 

 

5. 

 

6. 

 

Geosynthetics 

Geosynthetic fabrics are required for pavement section construction. Geogrid can aid constructability in wet 

weather or wet soil conditions. Where implemented, apply geosynthetics directly on approved subgrades, taut, 

free of wrinkles, and overlapped at least 1 foot. GPI should be consulted to review geosynthetic applications or 

other subgrade improvement alternatives. Geosynthetic material requirements are outlined in Table 4. 

 

Table 4. Geosynthetic Material Requirements 
 

Geosynthetic 

Type 
Use Material Specifications 

Non-Woven 

Geosynthetic 

Subgrade preparations and 

pavement section separation 

• Must meet Soil Stabilization – Non-Woven 

requirements in WSDOT Standards Section 9-

33.2(1), Table 3 

 

 

Triaxial or 

Biaxial 

Geogrid 

 

 

Extremely soft subgrade 

conditions. 

• 93 percent junction efficiency (GRI-GG2-05) 

• 6.5 kg-cm/degree Aperture Stability (U.S. Army Corp 

of Engineers Ref. 3.3.1.2000) 

• Punched and drawn polypropylene 

• Minimum Radial Stiffness of 15,075 lb/ft at 0.5% 

Strain (ASTM D6637)1 

 



 

 

Shallow Foundation Construction 

Incorporating the subgrade preparation and perimeter drainage requirements in this report, design and 

construct shallow foundations for building support referencing Whitman County requirements, and the 

allowable bearing pressures and resistance values outlined in Section 1806.2 and Table 1806.2 of the most 

recent International Building Code (IBC). For the soil conditions anticipated at the Tekoa Industrial Park project, 

these criteria are outlined below: 

 

1. 
a. 

b. 

c. 

d. 

2. 

a. 
b. 
c. 

3. 
a. 
b. 
c. 

 

Slab-On-Grade Support 

Once subgrades are prepared as described previously in this report, support slab-on-grade floors atop a layer 

of Crushed Surfacing as structural support and capillary break. GPI recommends supporting slab-on-grade 

floors for residential structures with a minimum 0.5-foot-thick Crushed Surfacing layer, compacted to Structural 

Fill requirements in this report. With at least 0.5 feet of Crushed Surfacing support, concrete slab design may 

utilize an allowable modulus of subgrade reaction (k) of 210 pounds per cubic inch (pci). Higher subgrade 

modulus values are available with thicker granular sections beneath slabs-on-grade floor. Given concrete floors 

may experience a variety of storage and equipment loading conditions, each structure’s slab should be 

structurally designed for the anticipated use and loading. 

 

Slab Moisture Protection 

Interior floor slabs are susceptible to moisture migration caused by subsurface capillary action and vapor 

pressure. This can degrade floor coverings and adhesive, damage interior furnishings, or cause various other 

performance problems. GPI has participated in numerous projects where inadequate vapor protection caused 

significant damage to moisture-susceptible building aspects. Often, these moisture problems were associated 

with either no moisture protection below the slab or, alternatively, with improperly sealed sub-slab penetrations 

that allowed vapor migration and damage to the flooring system. Plumbing penetrations are notoriously 

problematic for under-slab vapor protection. 

 



 

Where floor coverings will be placed, or in moisture-sensitive areas, apply vapor retarder systems beneath the 

slab. Common construction practice at this time is to place a puncture resistant vapor retarder immediately 

beneath the slab, atop the aggregate support surface. Vapor retarders must consist of minimum 15-mil thick, 

puncture-resistant polyethylene sheeting. An example of this material is Stego Wrap®. 

 

Form stakes, piping, or other sub-slab penetrations should not penetrate the vapor retarder. Carefully design 

and construct vapor retarder penetrations to reduce vapor transport through such penetrations. Even if these 

recommendations are used, water vapor migration through the concrete floor slab is still possible. Floor 

coverings should be selected accordingly. Manufacturer's recommendations must be strictly followed. vapor 

retarders are utilized, the flooring and concrete slab contractors, as well as the plastic sheeting manufacturer, 

should be consulted regarding additional slab cure time requirements and/or the potential for slab curling. 

 

Site Drainage 

Long-term embankment and slope performance will depend on maintaining existing surface and subsurface 

drainage patterns to reduce the potential for subgrades and embankments to become saturated. The following 

sections provide our site drainage recommendations. 

 

Stormwater Disposal Considerations 

Any runoff from precipitation, snowmelt, seeps, or springs must not be allowed to infiltrate slopes, run 

uncontrolled across subgrades, pond around buildings, or flow uncontrolled over pavement. We do not 

recommend water be allowed to collect at the base or crest of slopes, or adjacent building foundations. Runoff 

or water migrating along the ground surface must be conveyed away from slopes and undeveloped lot surfaces 

by an appropriately designed series of ditches, swales, or other surface water management procedures which 

break up sheet flow and adequately convey water in a controlled manner to the site’s detention ponds. 

 

We recommend all buildings incorporate roof gutters connected to downspouts and solid pipes to collect and 

direct water away from the embankments, pavements, slopes, structures, and other improvements, so as to 

avoid infiltration into the soil underlying these features. Ultimately, stormwater from individual structures must 

be directed to the subdivision’s stormwater management system, and not allowed to infiltrate embankments 

or subgrades below improvements. During and post-earthwork construction, route stormwater away from the 

site and dispose it in the stormwater management system designed by SynTier. The fine-grained, near surface 

site soil exhibited a negligible infiltration rate and in our opinion is not suitable for stormwater discharge via 

infiltration swales or drywells. Additionally, the underlying silty gravel contains significant fines and illustrated 

a very low infiltration rate. However, swales can offer some treatment while also facilitating stormwater 

conveyance. 

 

We understand stormwater will be routed through a series of pipes, ditches, and other conveyance features to 

stormwater detention ponds. Ponds will have overflows to natural drainages. We recommend open ditches or 

channels be rock lined if gradients exceed 10 percent and at a minimum, have rock check dams every 100 

feet to reduce erosion. Detention ponds will perform best when lined with the site silt, a low permeable soil 

with high treatment capacity. Cut and fill slopes for ponds shall be designed with slopes flatter than 3H:1V 

unless lined. 

 

Erosion Control 

We anticipate erosion control measures including, but not limited to, hydroseeding, fiber blankets, wattles, 

temporary and permanent collection and detention swales and ponds are planned to help reduce the potential 

for erosion and turbid discharges of stormwater from the site. Erosion and sediment control measures or other 

stormwater Best Management Practices (BMP’s) are also required to meet Washington State Department of 

Ecology (DOE) requirements for construction stormwater management. We anticipate these and other 

stormwater control measures will be presented on a stormwater pollution prevention plan (SWPPP) prepared 

by SynTier and modified to meet the contractor’s means, methods, and staging. Throughout construction, 

temporary stormwater management features must preclude water from ponding or depositing sediment where 

future improvements will be constructed. 

If adequate vegetative cover cannot be established immediately after construction is complete, we recommend 

erosion control measures be implemented to reduce excessive erosion and violation of local, state, 
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16 and federal codes. At a minimum, slopes should be track-walked and straw mulched or blanketed to 

facilitate seeding growth. Slope surfaces exceeding 50 feet in length should have straw wattles placed 

horizontally across the slope face for every 10 linear feet of exposed slope face beginning 10 feet from the top 

and ending not more than 10 feet from the bottom. Catch ditches at the slope toe must convey water away 

from slopes to temporary stormwater disposal or detention. Erosion rills must be closely monitored and 

backfilled with granular fill, straw, and soil mulch, with drainage patterns adjusted to reduce future erosion. 

 

Surface Grading 

Design and construct surface grades to create positive surface drainage away from planned infrastructure and 

structures. Water must not be allowed to pond at the subgrade, or finished surface for any site improvements, 

including pavements, slopes, utility alignments, and buildings. Strategic surface grading during earthwork can 

improve the success of future final grading activities and rapid foundation installation if the lots, especially cut 

lots, are left slightly high (1 to 2 feet). While it requires additional soil be removed at the time of individual lot 

construction, it can also drastically improve earthwork success during wet weather. 

 

To help facilitate drained conditions in roadway asphalt pavement sections, we recommend the invert of any 

adjacent swales or ditches be established at least 1 foot below the pavement section subgrade elevation. 

Crown roadway and parking lot subgrades so that water does not accumulate in the aggregate support section 

and daylight the aggregate in adjacent ditches/swales. Avoid inverted crowns at the asphalt surface and do not 

allow pavement sheet flow to run off pavements onto slopes. 

 

Perimeter Foundation Drainage 

Foundation drains are considered a “best practice” for foundation construction on the Palouse and can be 

critically important for foundation performance. Foundation drains can intercept irrigation or stormwater that 

can infiltrate below the structure, thus reducing the potential for subgrade softening that increases the 

settlement potential. These drains also reduce the potential for moisture vapor migration and potential risks 

created by changing moisture conditions. In short, we recommend foundation drains to help maintain uniformly 

drained conditions is critical to long-term foundation performance. 

 

After performing subgrade preparations and constructing foundations, install drains around the perimeter 

foundation alignments for each building to route water away from subgrades to dedicated stormwater disposal 

areas. Minimum foundation drain requirements include: 4-inch-diameter, geosynthetic fabric-wrapped, 

perforated drain pipe, placed at the lowest possible elevation (i.e., at the foundation subgrade surface), and 

sloped to daylight via gravity drainage at a location established via SynTier’s civil design. Plate 4 presents typical 

perimeter foundation drain construction requirements. Foundation drain outfalls must be routed away from 

structures, pavements, slopes, and not allowed to deposit water adjacent other structures, subgrades, 

embankments, or other critical site features. 

 

Asphalt Pavement Section 

The following pavement section design references the American Association of State Highway and 

Transportation Officials (AASHTO) Guide for Design of Pavement Structures (AASHTO Guidelines). GPI 

estimated traffic loading based on our experience with similar developments in the region. If anticipated traffic 

loads are different than those estimated herein, notify GPI so that we can make appropriate changes to our 

analysis. Other design parameters are based on typical pavement design criteria in the eastern Washington 

area, results from laboratory testing, and our understanding of the subsurface conditions. Tables 5, 6, and 7 

present our design parameters and references as well as the resulting pavement section design 

recommendations using the AASHTO Guidelines. 



 

Table 5. Pavement Section Design Parameters 
 

Design Parameter Value Used Reference 

Reliability (R) 80% AASHTO Guidelines 

Standard Deviation (S) 0.45 AASHTO Guidelines 

Initial Serviceability (PSIi) 4.2 Typical eastern Washington area values 

Terminal Serviceability (PSIz) 2.2 Typical eastern Washington area values 

 

Traffic Loading 

33,500 ESALS1 

(standard-duty) 

127,000 

ESALS 

(heavy-duty) 

 

See Table 6 in this report 

Design Life 20 years Typical eastern Washington value 

Resilient Modulus (Mr) 4,800 psi2 
Based on California Bearing Ratio (CBR) 

and Mr correlations 

Asphalt Layer Coefficient (a1) 0.44 Figure 2.5 AASHTO Guidelines 

Top Course Layer Coefficient (a2) 0.12 Figure 2.6 AASHTO Guidelines 

Top Course Drainage Coefficient 

(m2) 

1.0 
Table 2.4 AASHTO Guidelines for “fair” 

drainage, 1 to 5 percent saturation 

Drainage Coefficient (cd) 1.0 
Table 2.5 AASHTO Guidelines for “fair” 

drainage 5 to 2.5 percent saturation 

1. 
2. 

 

Table 6. Traffic Loading 

Assumptions 
 

Pavement Section Area Traffic Loading Parameters 
Frequency1 or Value 

Used 

EALF2 

Standard-Duty Section 

(Parking Areas) 

Passenger Vehicles 

Refuse and Delivery Trucks 

100 trips per day 

6 trips per day 

0.006 

0.85 

Fire Apparatus 3 trips per year 3.91 

 

Heavy-Duty 

Section (Drive 

Lanes) 

Passenger Vehicles 500 trips per day 0.006 

Refuse and Delivery Trucks 20 trips per day 0.85 

Fire Apparatus 10 trips per year 3.91 

 Highway legal semis 5 per week 2.20 

 Annual Growth Factor 5.0%  

Construction Traffic3 **None** 

Design Life 20 years 

1. 
2. 
3. 
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18 If actual traffic loading is different, GPI must review the analysis commensurate with the actual traffic loads. 

Based on the above pavement design parameters, Table 7 provides the flexible pavement design 

recommendations for pavements. 

 

Table 7. Flexible Pavement Section Design 
 

 

Pavement 

Section 

Material 

Standard-Duty 

Section 

Thickness 

(feet) 

Heavy-Duty 

Section 

Thickness 

(feet) 

 

Material Specifications 

Asphalt 

Concrete 

Pavement 

 

0.25 

 

0.331 

Hot-mix asphalt (HMA) conforming to 

Section 5-04 of the latest edition of WSDOT 

Standards. HMA should consist of Class 

1/2-inch or Class 

3/4-inch. 

Crushed Surfacing 0.75 1.00 

Top course or base course conforming to the 

latest WSDOT Standards Section 9-03.9(3) 

Crushed Surfacing. 

Non-woven 

Geosynthetic Fabric 
Recommended Recommended 

Conforming to Geosynthetics report section 

requirements. 

1. 

 

We recommend the pavement structures be planned such that the light-duty asphalt section exists only where 

light passenger vehicles will access parking areas. Any location that will be regularly accessed by refuse, 

delivery, and semi-trucks or other heavy truck traffic should be planned for heavy-duty asphalt pavement 

sections. Specifically, the area in front of dumpsters (i.e. dumpster pads) should receive a structurally designed, 

reinforced, Portland cement concrete (PCC) apron to support repeated heavy axle loads from refuse vehicles. 

It is important that these aprons extend 10 to 12 feet in front of dumpster areas to encompass loading from 

the nearest axle of refuse equipment. 

 

Pavement Maintenance and Drainage 

Crack maintenance should be accomplished on all pavement surfaces every 3 to 5 years to reduce the potential 

for surface water infiltration into the underlying pavement subgrade. Surface and subgrade drainage are 

extremely important to the performance of the pavement section. Therefore, the subgrade, crushed surfacing, 

and paved surfaces should slope at no less than 2 percent to an appropriate stormwater disposal system or 

other appropriate location that does not impact adjacent buildings or properties. Inverted crowns must be 

avoided. This applies to gravel-surfaced roadways as well. Pavement performance will depend upon achieving 

adequate drainage throughout the section and especially at the subgrade. Water ponding at the pavement 

subgrade surface can induce heaving during the freeze-thaw process, which can readily damage pavement. 

SynTier should annually review pavement surface performance to help identify and address any pavement 

maintenance issues. Slurry seal applications are a common maintenance procedure for owners of large 

pavement systems. If desired for pavement maintenance or preservation, we provide recommendations for 

slurry seal applications in the following items. 

 

1. 

 

2. 
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19 to the sand slurry as needed for workability to ensure the mixture will completely fill the cracks. Strike 

off the sand slurry, flush with the existing pavement surface, and allow the mixture to cure. 

 

3. 

GEOTECHNICAL DESIGN 

CONTINUITY 

The information contained in this report is based on our knowledge of planned mass grading and infrastructure 

development and future development plans. Changes in planned grading, drainage, site configurations, loading 

conditions, and geometry can significantly alter our opinions and recommendations. Therefore, it is critical GPI 

provide geotechnical continuity through final planning and design for the project. As individual buildings are 

contemplated, GPI should assist the owners and designers of those structures to evaluate the applicability of 

the information contained here. 

 

We recommend GPI review final earthwork grading plans and specifications. It has been our experience that 

having consultants from the design team review the construction documents helps reduce the potential for 

errors, and also reduces costly changes to the contract during construction. This can be especially important if 

specialized embankment construction approaches are advanced or other non-standard improvements are to 

be incorporated into earthwork construction. If we are not provided such opportunities, we cannot be 

responsible for soil-related design or construction-related errors, omissions, delays, or increased costs that are 

identified during construction. 

 

Construction Observation Monitoring 

SynTier plans to retain GPI to provide construction monitoring to document the soil conditions during mass 

grading and that report recommendations are incorporated into the actual construction. Such observation is 

an important part of the geotechnical design process and can help reduce the potential for soil engineering- or 

construction-related errors or omissions. For this project, it is especially important to maintain this geotechnical 

continuity during subgrade preparations, structural fill placement, and potentially embankment settlement 

monitoring. 

 

If for some reason we are not retained to provide the recommended construction monitoring and design 

verification services, we cannot be responsible for soil-engineering-related construction errors or omissions. 

Further, the selected firm must be required to document in writing to SynTier and the Port that they have read 

and will implement this report and its recommendations in their entirety as the project geotechnical engineer- 

of-record for construction. 

EVALUATION LIMITATIONS 

This evaluation is limited to only geotechnical project aspects of the Tekoa Industrial Development in Tekoa, 

Washington and does not include civil or structural design, seismic analysis, or evaluation, retaining wall design, 

erosion control, stormwater management or monitoring, wetland delineation, environmental evaluation or any 

other services not explicitly discussed herein. If this information or any additional services are desired, GPI can 

provide them under a separate scope and fee estimate specific to those project aspects. 

 

Further, our evaluation was prepared with the understanding that the Port of Whitman will retain ownership and 

management of the proposed development in perpetuity. Evaluation requirements and recommendations differ 

for developments where individual lots are sold separately. If the development or management concept changes, 

notify GPI to modify our scope, evaluation, and recommendations commensurate with the change in project 

concept. GPI entitles no future parties to rely on the geotechnical design recommendations herein. 



 

 

Our services consist of professional opinions and findings made in accordance with generally accepted 

geotechnical engineering principles and practices in eastern Washington at the time of this report. The 

geotechnical recommendations provided herein are based on the premise that appropriate geotechnical 

consultation during subsequent design phases is implemented and an adequate program of tests and 

observations will be conducted by GPI during construction to verify compliance with our recommendations and 

to confirm conditions between exploration locations. This acknowledgment is in lieu of all warranties either 

express or implied. 

The following plates and appendices accompany this report: 

Plate 1: Vicinity Map 

Plate 2: Exploration Map 

Plate 3: Slope Stability Cross Section Map 

Plate 4: Foundation Drain Schematic 

 

Appendix A: Unified Soil Classification System (USCS) and Exploration Logs 

Appendix B: Laboratory Test Results 

Appendix C: Slope Stability Analyses 
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Slope Cross Section Map Tekoa 
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Foundation Drain Construction 

 
A. Excavate the subgrade to the planned foundation bearing elevation, and laterally at least 0.5-feet outside the 

foundation extents. 

 
B. Prepare the exposed subgrade referencing the Establishing Subgrades report requirements and the City of Tekoa 

requirements. 

 
C. In exterior (perimeter) foundation alignments, place 0.3-foot-diameter, perforated pipe at lowest possible elevation to 

maintain gravity drainage, with positive slope towards daylight or approved discharge facility. Cover pipe with drain 

rock and wrap with geotextile fabric. Fabric-wrapped pipe may be used in lieu of drain rock. 

 
D.  After foundation construction, backfill over-excavations with General Structural Fill, placed and compacted referencing 

the Structural Fill report section. 

 
This drawing is intended for shallow foundations supporting isolated columns or walls. Foundation stemwall height will vary. 

This is not a structural detail. 
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Laboratory Test Results 



 

 

 

 

 

 

 

 

 

 

 

 
Project Name.: Tekoa Industrial Development 

Project Number: PU23247A 

Client: SynTier Engineering 

 
Test Results Summary 

Test Pit 
Depth Lab Description In situ In situ Dry Max Dry Optimum Atterberg Limits 

CBR 
#200 Sieve 

(feet) Number (U.S.C.S. Classification) Moisture, % Density, pcf Density, pcf Moisture, % Liquid Limit Plasticity Index Passing, % 

TP-23247A-12 5.0-5.5 16035 Silty gravel with sand (GM) 9.4 - - - - - - 28 

TP-23247A-13 0.5-1.0 16036 Sandy Silt (ML) 23.5 - - - 32 1 - 63 

TP-23247A-14 7.0-7.5 16037 Silty Gravel (GM) 15.0 - - - - - - - 

TP-23247A-15 2.0-2.5 16034 Sandy Silt (ML) 30.0 91.3 115.2 10.1 36 4 4.8 67 

TP-23247A-18 3.0-3.5 16038 Silty Gravel (GM) 12.8 - - - - - - - 
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MOISTURE-DENSITY RELATIONSHIP CURVE 
ASTM D 1557 

Method A 

 
Project Name: Tekoa Industrial Development 
Project Number: PU23247A 

Client: SynTier Engineering 
Lab Number: 16034 

Sample Location: TP-23247A-5 @ 2.0-2.5 feet BGS 
Sample Classification: Sandy Silt (ML) 

Date Tested: 1/23/24 By: RG 
Rammer Type: Manual 
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CALIFORNIA BEARING RATIO 
ASTM D 1883 

 

Project Name: Tekoa Industrial Development 
Client: SynTier Engineering 

Sample Location: TP-23247A-2 @ 2.0-2.5 feet BGS 
Sample Classification: Sandy Silt (ML) 

Project Number: PU23247A 
Lab Number: 16035 

Date Tested: 1/18/24  By: LMC 

 

SOIL CONSTANTS 

CBR = 4.8% 
Fines Classification: Elastic Silt (MH) Test 
Dry Density = 103.7 pcf 
Test Specimen Remolded @ 10.1% Moisture Remold 
Percentage of Proctor = 92% 
Test Performed @ 18.7% Moisture (Top 1") Percent 
Swell = 0.2% 
Soak Time = 96 hrs Surcharge 
= 50 psf 
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Slope Stability Analyses 



Figure C.1 Scale as shown.  

Cross Sectional Slope Geometry Section A-A’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Notes: 



Figure C.2 Scale as shown.  

Slope Stability Analysis Results Section A-A’ Dry Conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Notes: 



Figure C.3 Scale as shown.  

Slope Stability Analysis Results Section A-A’ Wet Conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Notes: 



Figure C.4 Scale as shown.  

Cross Sectional Slope Geometry Section B-B’ Embankment Fill 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Notes: 



Figure C.5 Scale as shown.  

Slope Stability Analysis Results Section B-B’ Dry Conditions 
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